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PREFACE. 


There  is,  perhaps,  no  branch  of  Biology  which  in  recent  years  has 
advanced  so  rapidly,  and,  on  the  whole,  so  surely  and  in  so  many 
directions,  as  has  Palseontology.  In  the  earlier  periods  of  its  devel- 
opment, a  tendency  has,  indeed,  been  sometimes  shown  by  investi- 
gators concerned  exclusively  with  existing  forms  of  life  to  depreciate 
the  position  of  Palaeontology  as  a  Science,  and  to  contest  its  claims 
to  recognition  as  a  separate  department  of  Zoology  and  Botany ;  nor 
can  it  be  said  that  this  tendency  has  yet  altogether  died  out.  Even 
now,  it  is  sometimes  considered  that  Palaeontology,  on  the  ground 
of  its  relation  to  the  chronological  history  of  the  earth,  should  be 
regarded  as  a  branch  of  Geology,  rather  than  of  Biology ;  while  on 
the  ground  of  its  being  necessarily  concerned  almost  wholly  with 
the  skeletal  structures  of  animals  and  plants,  its  conclusions  have 
been  discredited,  and  the  adequacy  of  its  methods  of  investigation 
has  been  questioned. 

No  one,  however,  who  has  made  himself  thoroughly  acquainted 
with  the  progress  of  this  branch  of  investigation  during  the  last 
decade,  can  doubt  that  Palaeontology  has  amply  vindicated  its  claim 
to  be  regarded  as  a  special  department  of  Biology,  as  entirely  sci- 
entific in  its  character  and  methods,  and  in  all  respects  as  worthy 
of  separate  and  special  study  as  is,  for  example,  the  department  of 
Embryology. 

So  numerous  and  so  extensive  have  been  the  advances  made  by 
Paleontology  of  late  years,  that  the  Authors  have  found  it  necessary 
not  only  to  largely  increase  the  bulk  of  the  present,  as  compared 
with  the  last,  edition  of  this  work ;  but  also  to  entirely  recast  and 
rewrite  it,  while  the  illustrations  to  the  text  have  been  nearly 
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doubled  in  number.  The  present  edition  may  therefore  be  con- 
sidered as,  to  all  intents  and  purposes,  an  entirely  new  work.  The 
Authors  also  trust  that  this  edition  will  be  found  to  have  gained 
much  from  the  fact  that  the  Invertebrates  and  Vertebrates  have 
been  dealt  with  by  different  writers. 

With  regard  to  the  general  plan  of  the  work,  the  Authors  need 
only  say  that  the  Invertebrate  and  Vertebrate  animals  have  been 
treated  of  as  fully  as  considerations  of  space  would  permit ;  while 
the  fossil  plants  have  been  dealt  with  in  a  comparatively  summary 
fashion.  This  course  has  been  followed  primarily  on  the  ground 
that  Palseozoology  is  of  much  greater  importance  to  the  general 
student  than  is  Palaeobotany ;  but  it  has  been  also  dictated  by  the 
consideration  that  the  latter  subject  is  one  of  great  complexity,  and 
is  at  the  same  time  one  upon  which  neither  of  the  Authors  has  any 
claim  to  speak  with  authority.  It  did  not  seem  advisable,  however, 
to  entirely  omit  the  subject  of  Palaeobotany ;  and  an  attempt  has 
accordingly  been  made  to  give  such  a  general  summary  of  the  pres- 
ent condition  of  our  knowledge  of  this  department  as  may  be  found 
useful  to  those  studying  Palaeontology  as  a  whole. 

In  dealing  with  the  vast  mass  of  facts  constituting  the  modern 
science  of  Palaeontology,  much  has  been,  necessarily,  omitted  ;  while 
the  Authors  can  scarcely  hope  that  errors  have  been  altogether 
avoided.  Moreover,  in  its  present  condition  of  rapid  growth  and 
development.  Palaeontology  presents  many  questions — sometimes 
affecting  points  of  fundamental  importance — upon  which  the  opinions 
of  different  investigators  are  widely  divergent.  It  is,  therefore,  m- 
evitable  that  there  should  be  many  questions  dealt  with  in  the  pres- 
ent work  in  regard  to  which  the  opinions  expressed  by  the  Authors 
differ  from  those  held  by  other  workers  in  the  same  field.  The 
Authors  can  only  hope  that  on  such  controverted  points  they  have 
not  expressed  themselves  too  dogmatically;  and  that,  while  the 
limits  and  scope  of  the  work  would  not  admit  of  any  detailed  dis- 
cussion of  divergent  views,  the  existence  of  such  has  nevertheless 
been  generally  indicated.  It  may  be  added  that  where  a  definite 
position  has  been  taken  up  upon  a  controverted  question,  this  has 
been,  in  general,  the  result  of  original  investigation  on  the  part  of 
the  writer.  Theoretical  questions,  again,  have  been  for  the  most 
part  avoided,  partly  because  of  their  unsuitability  for  discussion 
in  a  work  intended  for  students,  and  partly  also  from  want  of 


PREFACE. 


vii 


space.  Finally,  the  minute  structure  of  the  skeleton  in  different 
groups  of  animals,  and  particularly  in  the  lower  types,  has  been 
treated  of  as  fully  as  the  limits  of  the  work  have  allowed. 

Owing  to  the  circumstance  that  a  large  portion  of  the  first  volume 
of  this  work  has  been  in  type  for  a  considerable  time,  the  Authors 
regret  that  they  have  not  been  able  to  avail  themselves  fully,  or  at 
all,  of  some  recent  publications,  of  both  a  general  and  a  special 
nature,  such,  for  example,  as  Neumayr's  '  Die  Stamme  des  Thier- 
reichs,'  and  the  newly  published  volume  of  Barrande's  monumental 
work  dealing  with  the  Cystideans.  In  an  Appendix  to  the  second 
volume  attention  is,  however,  directed  to  certain  points  of  importance 
which  have  emerged  during  the  passage  of  this  work  through  the 
press.  Such  errors  as  have  been  recognised  will  be  found  in  a  list 
of  Corrigenda  at  the  end  of  the  Table  of  Contents  to  each  volume. 

To  many  of  their  fellow-workers  the  Authors  have  to  express  their 
obligation  for  direct  or  indirect  assistance  in  their  task.  To  no 
one  is  this  more  largely  due  than  to  Professor  Karl  von  Zittel,  to 
whose  masterly  '  Handbuch  der  Paleeontologie '  they  have  been  on 
many  occasions  indebted  for  guidance  in  questions  of  doubt  or  dififi- 
culty.  The  very  special  gratitude  of  the  Authors  is  due  to  Dr  P. 
Herbert  Carpenter  for  the  most  valuable  assistance  in  the  prepara- 
tion of  the  chapters  dealing  with  the  Echinoderms,  as  also  to  Mr 
A.  Smith  Woodward  and  Dr  R.  H.  Traquair  for  much  information 
concerning  fossil  Fishes.  They  have  likewise  to  express  their  best 
thanks  to  Dr  George  J.  Hinde,  Dr  H.  B.  Brady,  Dr  Henry  Wood- 
ward, Professor  T.  Rupert  Jones,  Mr  A.  H.  Foord,  Mr  John  Young, 
and  others  of  their  fellow-workers,  from  whom  they  have  received 
much  friendly  help.  Finally,  the  Authors  have  to  express  their 
gratitude  to  those  who  have  assisted  them  by  allowing  them  the  use 
of  illustrations.  Amongst  those  to  whom  thanks  are  due  on  this 
score  are  M.  Louis  Dollo,  Professors  H.  F.  Osborne  and  W.  B. 
Scott,  Professor  A.  Gaudry,  Professor  E.  D.  Cope,  Professor  O.  C. 
Marsh,  Professor  E.  Koken,  Dr  Anton  Fritsch,  Dr  Henry  Wood- 
ward, the  Director  of  British  Museum  (Natural  History),  the 
present  and  late  Directors  of  the  Geological  Survey  of  India,  and 
the  Director  of  the  Geological  Survey  of  Canada. 
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PALEONTOLOGY. 


CHAPTER  I. 

INTRODUCTION. 
Definition  of  Paleontology. 

Palaeontology  (Gr.  palaios,  ancient ;  onta,  beings  ;  logos,  discourse) 
is  the  science  which  treats  of  the  living  beings,  whether  animal  or 
vegetable,  which  have  inhabited  this  globe  at  past  periods  in  its 
history.  It  is  the  ancient  life-history  of  the  earth,  and  if  its  record 
could  ever  be  completed,  it  would  furnish  us  with  an  account  of  the 
structure,  habits,  and  distribution  of  all  the  animals  and  plants  which 
have  at  any  time  flourished  upon  the  land-surfaces  of  the  globe  or 
inhabited  its  waters.  From  causes,  however,  which  will  be  subse- 
quently discussed,  the  palasontological  record  is  most  imperfect,  and 
our  knowledge  is  interrupted  by  gaps  which  not  only  bear  a  large 
proportion  to  our  solid  information,  but  which  in  many  cases  are  of 
such  a  nature  that  we  can  never  hope  to  have  them  filled  up. 

As  Zoology,  then,  treats  of  the  animals  now  inhabiting  the  earth, 
and  as  Botany  treats  of  the  now  existing  plants,  Pateontology  may 
be  defined  as  the  Zoology  and  Botany  of  the  past,  and  may  be 
subdivided  into  the  two  subjects  of  Palfsozoology  and  Palseobotany. 
The  study  of  fossil  animals  and  plants  is,  however,  based  upon  the 
knowledge  of  living  animals  and  plants,  and  for  this  reason  Paljeo- 
zoology  and  Palseobotany  are  inseparably  connected  with  Neozoology 
and  Neobotany.  The  materials,  again,  which  fall  to  be  studied  by 
the  pateontologist,  are  drawn  entirely  from  the  proper  province  of 
the  geologist.  Fossils  are  derived  from  rocks.  It  will  therefore  be 
necessary  to  trespass  to  some  extent  upon  the  peculiar  domain  of 
the  geologist,  and  to  obtain  some  knowledge  of  the  origin,  com- 
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position,  and  mode  of  occurrence  of  the  rocks  from  which  Palae- 
ontology obtains  its  materials.  Lastly,  Palaeontology,  apart  from 
its  own  importance  as  an  independent  branch  of  Zoology,  is  em- 
ployed by  the  geologist  to  assist  him  in  his  determination  of  the 
chronological  succession  of  the  materials  which  compose  the  crust 
of  the  earth.  Palaeontology,  therefore,  in  one  of  its  aspects,  is  a 
branch  of  geological  science,  and  requires  separate  study  in  its 
relation  to  historical  Geology. 

Definition  of  Fossils. 

All  the  natural  objects  which  come  to  be  studied  by  the  palaeon- 
tologist are  termed  "  fossils  "  (Lat.  fossus,  dug  up).  In  most  cases, 
fossils,  or,  as  they  are  often  termed,  "  petrifactions,"  are  actual  por- 
tions of  animal  or  vegetable  organisms,  such  as  the  shells  of  Molluscs, 
the  skeletons  of  Corals,  the  bones  of  Vertebrate  animals,  the  wood, 
bark,  or  leaves  of  plants,  &c.  ;  and  these  may  be  preserved  very 
much  in  their  original  condition,  or  may  have  been  very  much 
altered  by  changes  subsequent  to  their  burial.  Strictly  speaking, 
however,  by  the  term  "  fossil  "  is  understood  "  any  body,  or  the 
traces  of  the  existence  of  any  body,  whether  animal  or  vegetable,  which 
has  been  buried  in  the  earth  by  natural  causes  "  (Lyell).  We  shall 
find,  therefore,  that  we  must  include  under  the  head  of  fossils  ob- 
jects which  at  no  time  themselves  formed  parts  of  any  animal  or 
vegetable,  but  which,  nevertheless,  point  to  the  former  existence  of 
such  organisms,  and  enable  us  to  reason  as  to  their  nature.  Under 
this  head  come  such  fossils  as  the  moulds  or  "  casts  "  of  shells  and 
the  footprints  or  markings  left  by  various  animals  upon  sand  or  mud. 

In  the  great  majority  of  cases  fossils  are  the  remains  of  animals  or 
plants  which  are  now  extinct— is  to  say,  which  no  longer  are  in 
existence,  but  have  entirely  disappeared  from  the  earth's  surface. 
In  some  cases,  however,  fossils  are  the  remains  of  recejit  animals— 
that  is,  of  animals  which  are  still  found  in  a  living  condition  upon 
the  globe.  The  term  "  sub-fossil,"  sometimes  applied  to  these,  has 
been  more  appropriately  applied  in  another  sense,  and  is  best  dis- 
carded in  this  connection.  In  any  case,  the  fact  that  a  given  speci- 
men belongs  to  an  extinct  species  of  animal  or  plant,  or  that  it  is 
referable  to  some  existing  form,  does  not  enter  in  any  way  whatever 
into  the  determination  of  the  question  as  to  whether  or  not  it  is 
truly  a  fossil.  If  such  a  specimen  is  found  in  those  portions  of  the 
earth's  crust  which  we  can  show  by  other  evidence  to  have  been 
formed  prior  to  the  establishment  of  the  existing  terrestrial  order, 
then  it  is  a  fossil ;  while  any  remains,  even  though  belonging  to  the 
same  animal,  which  are  found  in  deposits  which  have  been  formed 
during  the  historical  period,  would  be,  strictly  speaking,  referred  to 
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the  domain  of  the  neozoologist  or  the  neobotanist,  and  would  not 
rightly  be  termed  "  fossils."  It  must  be  admitted,  however,  that  in 
approaching  the  "  Recent "  period  of  the  earth's  history,  it  becomes 
a  matter  of  difficulty — in  some  cases  an  impossibility — to  draw  any 
precise  line  between  fossil  and  recent  specimens. 

The  terms  "  fauna  "  and  "  flora  "  are  employed  in  Palaeontology 
much  as  they  are  by  the  student  of  recent  forms,  to  mean  the  entire 
assemblage  of  the  animals  or  of  the  plants  respectively  belonging  to 
a  particular  region  or  a  particular  time.  Thus  we  may  speak  of  the 
"  fauna  "  of  the  Carboniferous  Period,  or  the  "  flora  "  of  the  Tertiary 
Epoch,  or  the  fauna  of  the  Chalk,  or  of  any  other  set  of  beds. 

FOSSILISATION. 

The  term  "  fossilisation  "  may  be  applied  in  a  general  sense  to  all 
the  processes  through  which  an  organic  body  passes  in  order  to  be- 
come a  fossil.  Here  we  need  only  consider  the  three  leading  forms 
in  which  fossils  present  themselves.  In  the  first  instance,  the  fossil 
is  to  all  intents  and  purposes  an  actual  organic  remain,  being  itself  a 
fragment  of  an  animal  or  plant.  Thus  we  may  meet  with  fossil 
bones,  shells,  or  wood,  which  may  have  undergone  certain  changes, 
such  as  would  be  produced  by  pressure,  by  the  deprivation  of  or- 
ganic matter  originally  present,  or  by  more  or  less  complete  infiltra- 
tion with  mineral  matter,  but  which,  nevertheless,  are  practically  the 
real  bodies  they  represent.  As  a  matter  of  course,  it  is  in  the  more 
modern  formations  that  we  find  fossils  least  changed  from  their 
primitive  condition,  but  almost  all  formations  contain  some  fossils  in 
which  the  original  structure  is  more  or  less  completely  retained. 

In  the  second  place,  we  very  frequently  meet  with  fossils  in  the 
state  of  "casts"  or  moulds  of  the  original  organic  body.  What 
occurs  in  this  case  will  be  readily  understood,  if  we  imagine  any 
common  bivalve  shell,  as  an  Oyster,  or  Mussel,  or  Cockle,  embedded 
in  clay  or  mud.  If  the  clay  were  sufficiently  soft  and  fluid,  the  first 
thing  would  be  that  it  would  gain  access  to  the  interior  of  the  shell 
and  would  completely  fill  up  the  space  between  the  valves.  The 
pressure,  also,  of  the  surrounding  matter  would  ensure  that  the  clay 
would  everywhere  adhere  closely  to  the  exterior  of  the  shell.  If 
now  we  suppose  the  clay  to  be  in  any  way  hardened  so  as  to  be 
converted  into  stone,  and  if  we  were  to  break  up  the  stone,  we 
should  obviously  have  the  following  state  of  parts.  The  clay  which 
filled  the  shell  would  form  an  accurate  cast  or  mould  of  the  interior 
of  the  shell,  and  the  clay  outside  would  give  us  an  exact  impression 
_  or  cast  of  the  exterior  of  the  shell  (fig.  i).  We  should  have,  then, 
two  casts,  an  interior  and  an  exterior,  and  the  two  would  be  very 
different  from  one  another,  since  the  inside  of  a  shell  is  very  unlike  the 
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outside.  In  the  case,  in  fact,  of  many  Molluscan  shells,  the  interior 
cast  is  so  unlike  the  exterior  or  unlike  the  shell  itself,  that  it  may  be 
difficult  to  determine  the  true  origin  of  the  former. 

It  only  remains  to  add  that  there  is  sometimes  a  further  compli- 
cation.   If  the  rock  be  very  porous  and  permeable  by  water,  it  may 

happen  that  the  original  shell  is  en- 
tirely dissolved  away,  leaving  the  in- 
terior cast  or  "  mould "  loose,  like 
the  kernel  of  a  nut,  within  the  case 
formed  by  the  exterior  cast.  Or  it 
may  happen  that  subsequent  to  the 
attainment  of  this  state  of  things,  the 
space  thus  left  vacant  between  the 
interior  and  exterior  cast — the  space, 
Fig.  i.—Trigonia  longa,  showing  casts  that  is,  formerly  occupicd  by  the  shell 
Ne?cUi^n"°' ^"'^ °^ '''^ '^^^^^  itself— may  be  filled  up  by  some 

foreign  mineral  deposited  there  by 
the  infiltration  of  water.  In  this  last  case  the  splitting  open  of  the 
rock  would  reveal  an  interior  cast,  an  exterior  cast,  and  finally  a 
body  which  would  have  the  exact  form  of  the  original  shell,  but 
which  would  really  be  of  much  later  origin  and  would  not  exhibit 
under  the  microscope  the  minute  structure  of  shell. 

In  the  third  class  of  cases  we  have  fossils  which  present  with  the 
greatest  accuracy  the  external  form,  and  sometimes  even  the  internal 
minute  structure,  of  the  original  organic  body,  but  which,  neverthe- 
less, are  not  themselves  truly  organic,  but  have  been  formed  by  a 
"  replacement "  of  the  particles  of  the  primitive  organism  by  some 
mineral  substance.  The  most  beautiful  example  of  this  is  afforded 
by  fossil  wood  which  has  been  "  silicified "  or  converted  into  flint. 
In  this  case  we  have  a  piece  of  fossil  wood,  which  presents  the 
rings  of  growth  and  fibrous  structure  of  wood,  and  under  the  micro- 
scope exhibits  even  the  minutest  vessels  which  characterise  ligneous 
tissue.  The  whole,  however,  instead  of  being  composed  of  the 
original  carbonaceous  matter  of  the  wood,  is  now  converted  into 
pure  flint.  The  only  explanation  which  can  be  given  of  this  by  no 
means  very  rare  phenomenon,  is  that  the  wood  must  have  undergone 
a  slow  process  of  decay  in  water  holding  silica  or  flint  in  solution. 
As  each  particle  of  the  wood  was  removed  by  decay,  its  place  was 
taken  by  a  particle  of  flint  deposited  from  the  surrounding  water, 
till  ultimately  the  entire  wood  was  silicified.  The  replacing  sub- 
stance is  by  no  means  necessarily  flint,  but  may  be  iron-pyrites, 
oxide  of  iron,  sulphur,  malachite,  magnesite,  talc,  &c. ;  and  it  is  not 
uncommon  to  find  many  other  fossils  besides  wood  preserved  in 
this  way,  such  as  shells,  corals,  or  sponges. 

The  replacement  of  the  original  substance  of  a  fossil  by  some 
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foreign  body  is  thus  a  matter  of  common  occurrence,  but  it  is  by  no 
means  always  easy  to  determine  whether  or  not  such  replacement 
has  taken  place.  By  far  the  commonest  mode  of  replacement  is 
that  whereby  an  originally  calcareous  skeleton  is  replaced  by  silica. 
This  process  of  "  siHcification  "—of  the  replacement  of  lime  by  silica 
—is  not  only  an  extremely  common  one,  but  it  is  also  a  readily 
intelligible  one;  since  carbonate  of  lime  is  an  easily  and  flint  a 
hardly  soluble  substance.  It  is  thus  easy  to  understand  that  origin- 
ally calcareous  fossils,  such  as  the  shells  of  Mollusca,  or  the  skeletons 
of  Corals,  should  have  in  many  cases  suffered  this  change,  long  after 
their  burial  in  the  rock,  their  carbonate  of  lime  being  dissolved 
away,  particle  by  particle,  and  replaced  by  precipitated  silica,  as 
they  were  subjected  to  percolation  by  heated  or  alkahne  waters 
holding  siUca  in  solution. 

In  a  large  number  of  cases  of  silicification,  the  minute  structure  of  the 
fossil  which  has  been  subjected  to  this  change  is  found  to  have  been 
more  or  less  injuriously  affected,  and  may  be  altogether  destroyed,  even 
though  the  form  of  the  fossil  be  perfectly  preserved.  This  is  the  rule 
where  the  silicification  has  been  secondary,  and  has  taken  place  at  some 
period  long  posterior  to  the  original  entombment  of  the  fossil  in  the 
enveloping  rock ;  whereas  if  the  original  fossilisation  has  been  effected 
by  infiltration  with  silica  in  the  first  instance,  then  the  minute  structure 
is  usually  perfectly  preserved.  In  secondary  silicification,  as  seen  in 
corals  and  shells,  the  carbonate  of  lime  of  the  original  fossil  is  gradually 
more  or  less  completely  replaced  by  silica,  the  process  beginning  on  the 
exterior  and  gradually  extending  inwards.  In  the  first  stage  of  the  pro- 
cess, the  outer  layer  of  the  fossil  very  commonly  becomes  more  or  less 
largely  converted  into,  or  covered  by,  small  circular  deposits  of  silica, 
having  the  form  of  a  central  boss  surrounded  by  one  or  more  concentric 
rings  (" orbicular  silica"  or  "  Beekite  markings").  If  the  process  goes 
on,  the  whole  of  the  fossil  may  ultimately  become  converted  into  flint. 
Secondarily  silicified  fossils,  though  ill  adapted  for  microscopic  exam- 
ination, are  often  of  great  beauty,  as  they  commonly  "  weather  out "  from 
the  more  readily  soluble  limestone  in  which  they  are  embedded,  and 
can  thus  be  obtained  in  absolute  entirety. 

When  we  meet  with  fossils,  such  as  those  alluded  to  above,  which 
we  know  to  have  been  originally  calcareous,  but  which  we  now  find, 
unchanged  in  form,  although  converted  into  flint,  then  we  cannot 
doubt  that  we  have  to  deal  with  cases  of  "  silicification,"  and  that  the 
primitive  skeleton  of  lime  has  in  these  cases  been  slowly,  and  more 
or  less  perfectly,  replaced  by  silica.  We  cannot,  however,  speak  in 
such  a  positive  manner  as  to  fossils  which  we  now  find  to  be  com- 
posed of  flint,  but  as  to  the  original  constitution  of  which  we  cannot 
be  certain.  We  find,  namely,  some  fossils  which  are  of  uncertain 
affinities,  and  which  sometimes  occur  in  a  siliceous  and  sometimes 
in  a  calcareous  state.  If  we  are  not  positive  as  to  the  zoological 
position  of  these  fossils,  or  if  they  belong  to  a  group  of  animals  in 
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which  we  find  the  living  forms  to  possess  sometimes  a  calcareous 
and  at  others  a  siliceous  skeleton,  then  it  is  obviously  a  matter  of 
extreme  difficulty  to  determine  whether  the  extinct  forms  were  really 
composed  of  lime  or  of  flint.  In  such  cases,  we  must  be  guided 
principally  by  the  condition  of  preservation  of  the  fossils  which 
occur  associated  with  such  obscure  forms  in  the  same  beds;  the 
fact  that  the  associated  remains  are  converted  into  flint  pointing  to 
the  probability  that  the  problematical  forms  were  originally  calcare- 
ous, and  vice  versd.  In  the  case,  also,  of  all  fossils  which  present 
themselves  sometimes  in  a  siliceous  and  sometimes  in  a  calcareous 
form,  there  is  always  the  presumption  that  the  skeleton  was  originally 
composed  of  lime,  this  presumption  being  based  upon  the  fact  that 
the  conversion  of  the  calcareous  skeletons  of  animals  into  silica  by 
a  process  of  replacement  is  an  unquestionable,  an  extremely  common, 
and  a  readily  intelligible  occurrence. 

Until  recently,  indeed,  naturalists  never  allowed  themselves  to 
contemplate  the  alternative  possibility  of  an  originally  siliceous 
skeleton  being  replaced  by  liine ;  but  we  have  now  unequivocal 
evidence  that  this  anomalous  mode  of  replacement  is  of  not  very 
uncommon  occurrence.  The  researches  of  Zittel,  Hinde,  and 
Sollas  have,  in  fact,  proved  that  the  colloid  silica  of  the  siliceous 
skeletons  of  the  Flinty  Sponges  is  comparatively  unstable,  and  that 
under  certain  circumstances  it  can  be  readily  dissolved  in  water. 
Hence  these  Sponges  are  commonly  found  in  the  fossil  condition 
with  the  silica  of  the  original  skeleton  more  or  less  extensively 
replaced  by  carbonate  of  lime,  or  by  oxide  or  sulphide  of  iron. 
When  the  replacing  agent  is  lime,  it  is  found  not  only  that  the 
microscopic  structure  of  the  original  skeleton  has  been  completely 
lost ;  but  that  the  lime  is  always  in  the  crystalline  condition,  consist- 
ing of  unoriented  crystals  of  calcite.  This  latter  fact  affords  conclu- 
sive proof  that  the  skeleton  was  not  primitively  calcareous,  but  that 
the  lime  is  of  secondary  origin  and  has  replaced  some  other  material 

In  any  case  we  must  carefully  distinguish  between  replacement, 
whether  by  flint  or  any  other  mineral,  and  infiltration,  the  latter 
being  merely  the  process  whereby  the  cavities  and  natural  vacuities 
of  a  fossil  are  liable  to  become  filled  by  some  mineral  substance, 
subsequent  to  its  entombment  in  sediment.  When  such  a  fossil  as 
a.  shell  or  a  coral,  for  example,  becomes  buried  in  the  sandy,  cal- 
careous, or  argillaceous  mud  at  the  bottom  of  the  sea,  the  surround- 
ing sediment  often  does  not  penetrate  into  the  deeper  parts  of  the 
fossil,  and  there  are  thus  left  in  its  interior  certain  empty  spaces, 
into  which  the  surrounding  water  makes  its  way  by  percolation. 
Any  mineral  substances,  such  as  carbonate  of  lime  or  silica,  which 
may  be  contained  in  solution  in  the  water,  are  then  liable  to  undergo 
precipitation,  and  to  be  deposited  in  a  solid  form  within  the  fossil. 
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All  the  natural  cavities  of  a  fossil,  even  down  to  the  minutest  micro- 
scopic pores  or  tubes,  may  in  this  way  become  filled  with  some  such 
infiltrated  material,  the  two  commonest  agents  in  this  process  being 
lime  and  flint.  If  the  skeleton  of  the  fossil  be  a  calcareous  one, 
while  the  infiltrating  material  has  been  some  less  soluble  substance, 
such  as  silica  or  some  silicate,  then  the  skeleton  may  be  artificially 
or  naturally  dissolved  away,  leaving  a  cast  of  the  internal  cavities  of 
the  fossil  formed  of  the  infiltrated  matter.  Thus  the  minute  shells 
of  Foraniinifera  are  often  infiltrated  with  the  silicate  glauconite,  and 
exquisitely  perfect  casts  of  their  interior  cavities  are  subsequently 
formed  by  dissolution  of  the  shell  itself.  In  this  way,  as  we  shall 
see  hereafter,  deposits  of  greensand  have  been  sometimes  produced. 


Definition  of  Rock. 

The  crust  of  the  earth  consists  of  various  different  materials,  pro- 
duced at  different  successive  periods,  occupying  certain  definite 
spaces,  and  not  confusedly  mixed  together,  but,  on  the  contrary, 
exhibiting  a  definite  and  discoverable  order  of  arrangement.  All 
these  materials,  however  different  in  appearance,  texture,  or  mineral 
composition,  are  called  "  rocks  "  by  the  geologist.  The  term  "  rock," 
then,  is  to  be  understood  as  applying  to  all  the  materials  which 
compose  the  crust  of  the  earth.  In  the  language  of  geology,  the 
finest  mud*  the  loosest  sand,  and  the  most  incoherent  gravel,  are 
just  as  much  rocks  as  are  the  hardest  and  most  compact  granites  or 
limestones. 

Classification  of  Rocks. 

For  the  purposes  of  the  palaeontologist  all  the  rocks  which  enter 
into  the  composition  of  the  solid  exterior  of  the  earth  may  be 
divided  into  two  great  classes  :  i.  The  Igneous  Rocks,  which  are 
formed  within  the  body  of  the  earth  itself,  and  owe  their  struc- 
ture and  origin  to  the  action  of  heat ;  and  2.  the  Aqueous  or 
Sedimentary  Rocks,  which  are  formed  at  the  surface  of  the  earth, 
and  owe  their  structure,  at  any  rate  in  part,  to  the  mechanical 
action  of  water.  The  Igneous  Rocks  are  principally  formed  below 
the  surface  of  the  earth,  are  as  a  general  rule  destitute  of  organic 
remams  or  fossils,  and  are  mostly  in  the  form  of  unstratified  masses. 
The  Aqueous  and  Sedimentary  Rocks  are  formed  at  the  surface  by 
the  dismtegration  and  reconstruction  of  previously  existing  rocks,  or 
by  the  vital  chemistry  of  animals  or  plants,  are  mostly  fossiliferous, 
and  are  stratified~i.e.,  are  arranged  in  distinct  layers  or  "strata." 
The  Aqueous  Rocks,  as  containing  fossils,  are  the  only  rocks  with 
w-hich  It  IS  essential  for  the  pateontologist  to  be  acquainted,  and  we 
shall  very  briefly  consider  their  leading  physical  characters,  their 
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chief  varieties,  their  mode  of  origin,  and  their  historical  succession. 
It  should  be  borne  in  mind,  however,  that  there  are  cases  in  which 
strictly  volcanic  deposits  may  come  to  contain  the  remains  of  animals 
and  plants.  Thus,  animals  and  plants  may  be  enveloped  and  en- 
tombed in  showers  of  volcanic  ashes  falling  upon  land,  and  deposits 
of  subaerial  volcanic  ash  may  thus  become  fossiliferous.  Moreover, 
it  is  very  common  for  volcanic  ashes  to  fall  in  vast  quantities  into 
the  sea  or  into  a  lake,  when  they  become  subjected  to  the  action  of 
water,  and  may  envelop  the  animals  living  at  the  bottom.  Hence 
it  is  by  no  means  unusual  to  meet  in  the  crust  of  the  earth  with 
more  or  less  extensive  deposits  of  volcanic  ashes,  which  though 
igneous  in  origin  are  secondarily  aqueous,  being  not  only  stratified 
but  also  containing  the  remains  of  aquatic  animals. 


II 


CHAPTER  II. 

THE  FOSSILIFEROUS  ROCKS. 

The  Sedimentary  or  Fossiliferous  Rocks  form  the  greater  portion  of 
that  part  of  the  earth's  crust  which  is  open  to  our  examination,  and 
are  distinguished  by  the  fact  that  they  are  regularly  "  stratified,"  or 
arranged  in  distinct  and  definite  layers  or  "  strata."  These  layers 
may  consist  of  a  single  material,  as  in  a  block  of  sandstone,  or  they 
may  consist  of  different  materials.  When  examined  on  a  large  scale, 
they  are  always  found  to  consist  of  alternations  of  layers  of  different 
mineral  composition.  We  may  examine  any  given  area,  and  find  in 
it  nothing  but  one  kind  of  rock — sandstone,  perhaps,  or  limestone. 
In  all  cases,  however,  if  we  extend  our  examination  sufficiently  far, 
we  shall  ultimately  come  upon  different  rocks ;  and,  as  a  general 
rule,  the  thickness  of  any  particular  set  of  beds  is  comparatively 
small,  so  that  different  kinds  of  rock  alternate  with  one  another  in 
comparatively  small  spaces. 

As  regards  the  origin  of  the  Sedimentary  Rocks,  they  are  for  the 
most  part  "derivative,"  being  derived  from  the  wear  and  tear  of 
pre-existent  rock.  Sometimes,  however,  they  owe  their  origin  to 
chemical  or  vital  action,  when  they  would  more  properly  be  spoken 
of  simply  as  Aqueous  Rocks.  As  to  their  mode  of  deposition,  we 
are  enabled  to  infer  that  the  materials  which  compose  them  have 
formerly  been  spread  out  by  the  action  of  water,  from  what  we  see 
going  on  every  day  at  the  mouths  of  our  great  rivers,  and  on  a 
smaller  scale  wherever  there  is  running  water.  Every  stream,  where 
it  runs  intb  a  lake  or  into  the  sea,  carries  with  it  a  burden  of  mud, 
sand,  and  rounded  pebbles,  derived  from  the  waste  of  the  rocks 
which  form  its  bed  and  banks.  When  these  materials  cease  to  be 
impelled  by  the  force  of  the  moving  water  they  sink  to  the  bottom, 
the  heaviest  pebbles,  of  course,  sinking  first,  the  smaller  pebbles 
and  sand  next,  and  the  finest  mud  last.  Ultimately,  therefore,  as 
might  have  been  inferred  upon  theoretical  grounds,  and  as  is  proved 
by  practical  experience,  every  lake  becomes  a  receptacle  for  a  series 
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of  stratified  rocks  produced  by  the  streams  flowing  into  it.  These 
deposits  may  vary  in  different  parts  of  the  lake,  according  as  one 
stream  brought  down  one  kind  of  material  and  another  stream  con- 
tributed another  material ;  but  in  all  cases  the  materials  will  bear 
ample  evidence  that  they  were  produced,  sorted,  and  deposited  by 
running  water.  The  finer  beds  of  clay  or  sand  will  all  be  arranged  in 
thicker  or  thinner  layers  or  laminae ;  and  if  there  are  any  beds  of 
pebbles  these  will  all  be  rounded  or  smooth,  just  like  the  water-worn 
pebbles  of  any  brook-course.  In  all  probability,  also,  we  should 
find  in  some  of  the  beds  the  remains  of  fresh-water  shells,  plants, 
or  other  organisms  which  inhabited  the  lake  at  the  time  these  beds 
were  being  deposited. 

In  the  same  way  large  rivers — such  as  the  Ganges  or  Mississippi 
-r-deposit  at  their  mouths  much  of  the  material  which  they  bring 
down,  forming  in  this  way  their  "  deltas."  Whenever  such  a  delta 
is  cut  through,  either  by  man  or  by  some  channel  of  the  river  alter- 
ing its  course,  we  find  that  it  is  composed  of  a  succession  of  hori- 
zontal layers  or  strata  of  sand  or  mud,  varying  in  mineral  composition, 
in  structure,  or  in  grain,  according  to  the  nature  of  the  materials 
brought  down  by  the  river  at  different  periods.  Such  deltas,  also, 
will  contain  the  remains  of  animals  which  inhabit  the  river,  with 
fragments  of  the  plants  which  grew  on  its  banks,  or  bones  of  the 
animals  which  lived  in  its  basin. 

Lastly,  the  sea  itself — irrespective  of  the  materials  delivered  into 
it  by  rivers — is  constantly  preparing  fresh  stratified  deposits  by  its 
own  action.  Upon  every  coast-line  the  sea  is  constantly  eating 
back  into  the  land  and  reducing  its  component  rocks  to  form  the 
shingle  and  sand  which  we  see  upon  every  shore.  The  materials 
thus  produced  are  not,  however,  lost,  but  are  ultimately  deposited 
elsewhere  in  the  form  of  new  stratified  accumulations,  in  which  are 
buried  the  remains  of  animals  inhabiting  the  sea  at  the  time. 

Whenever,  then,  we  find  anywhere  in  the  interior  of  the  land  any 
series  of  beds  having  these  characters — composed,  that  is,  of  distmct 
layers,  the  particles  of  which,  both  large  and  small,  show  distinct 
traces  of  the  wearing  action  of  water — whenever  and  wherever  we 
find  such  rocks,  we  are  justified  in  assuming  that  they  have  been 
deposited  by  water  in  the  manner  above  mentioned.  Either  they 
were  laid  down  in  some  former  lake  by  the  combined  action  of  the 
streams  which  flowed  into  it ;  or  they  were  deposited  in  some  por- 
tion of  the  course  of  an  ancient  river ;  or  they  were  laid  down  at 
the  bottom  of  the  ocean.  In  the  first  two  cases,  any  fossils  which 
the  beds  might  contain  would  be  the  remains  of  fresh-water  or  ter- 
restrial organisms.  In  the  last  case,  the  majority,  at  any  rate,  of  the 
fossils  would  be  the  remains  of  marine  animals. 

The  term  "  formation  "  is  often  employed  by  geologists  in  a  loose 
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general  sense  to  signify  "  any  group  of  rocks  which  have  some  char- 
acter in  common,  whether  of  origin,  age,  or  composition  "  (Lyell)  ; 
so  that  we  may  speak  of  stratified  and  unstratified  formations,  aqueous 
or  igneous  formations,  fresh-water  or  marine  formations,  and  so  on. 


Chief  Divisions  of  the  Aqueous  Rocks. 

The  Aqueous  Rocks  may  be  divided  into  two  great  sections,  the 
Mechanically-formed  and  the  Chemically-formed,  including  under 
the  last  head  all  rocks  which  owe  their  origin  to  vital  action,  as  well 
as  those  produced  by  ordinary  chemical  agencies.  It  must  not  be 
forgotten,  however,  that  such  a  division,  though  convenient  in  prac- 
tice, is  largely  artificial.  Thus  many  organically-formed  rocks  are  to 
a  large  extent  the  product  of  mechanical  action,  since,  though  con- 
sisting of  the  skeletons  of  organisms,  their  component  materials  have 
been  mechanically  broken  down  and  transported  by  water.  More- 
over, no  sharp  line  of  demarcation  can  be  drawn  between  the  above 
two  groups  of  rocks,  innumerable  transitions  existing  between  rocks 
which  are  purely  mechanical  in  origin  and  those  which  are  the  direct 
result  of  vital  action. 

A.  Mechanically-formed  Rocks. — These  are  all  those  Aqueous 
Rocks  of  which  we  can  obtain  proofs  that  their  particles  have  been 
mechanically  transported  to  their  present  site.  Thus,  if  we  examine 
a  piece  of  conglomerate  or  pudding-stone,  we  find  it  to  be  composed 
of  a  number  of  rounded  pebbles  embedded  in  an  enveloping  paste 
or  matrix.  The  pebbles  are  worn  and  rounded,  and  thus  show  that 
they  have  been  subjected  to  much  mechanical  attrition,  whilst  they 
have  been  mechanically  transported  for  a  greater  or  less  distance 
from  the  rock  of  which  they  originally  formed  part.  In  the  case  of 
an  ordinary  sandstone,  the  component  grains  of  sand  are  equally  the 
result  of  mechanical  attrition,  and  have  been  equally  transported 
from  a  distance.  In  the  case  of  still  finer  rocks,  such  as  shale,  the 
particles  have  been  so  much  water-worn  that  their  source  cannot  be 
recognised,  though  a  microscopical  examination  would  reveal  that 
their  edges  were  all  worn  and  rounded.  It  follows  from  this  that 
the  mechanically-formed  Aqueous  Rocks  are  such  as  can  be  proved 
to  have  been  derived  from  the  abrasion  of  other  pre-existent  rock  : 
hence  they  are  often  spoken  of  as  "  Derivative  Rocks."  Every  bed, 
therefore,  of  any  mechanically-formed  rock,  is  the  equivalent  of  a 
corresponding  amount  of  destruction  of  some  older  rock. 

The  mechanically-formed  Rocks  may  be  divided  into  the  two 
groups  of  the  Arenaceous  or  Siliceous  Rocks,  and  the  Argillaceous 
or  Alummous  Rocks.  In  the  Arenaceous  group  are  those  Aqueous 
Rocks  which  are  mainly  composed  of  smaller  or  larger  grains  of  flint 
or  sihca.    The  chief  varieties  are  the  various  kinds  of  sand  and 
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sandstone,  grits,  and  most  conglomerates  and  breccias.  In  the 
Argillaceous  group  are  those  Aqueous  Rocks  which  contain  a  cer- 
tain amount  of  clay  or  hydrated  siUcate  of  alumina.  Under  this 
head  come  clays,  shales,  marls,  clay-slate,  and  most  flags  or  flag- 
stones. In  nature  there  exists,  it  need  hardly  be  said,  no  rigid  line 
which  separates  the  Arenaceous  from  the  Argillaceous  rocks.  The 
two  groups  are  connected  together  by  endless  transitional  forms,  and 
we  must  regard  all  the  mechanically-formed  rocks  as  variable  mix- 
tures of  different  ingredients,  their  precise  character  depending  on 
the  predominance  of  some  one  constituent. 

B.  Chemically-formed  Rocks. — In  this  section  are  comprised 
all  those  Aqueous  Rocks  which  have  been  formed  by  chemical 
agencies.  Since,  however,  many  of  these  chemical  agencies  are 
exerted  through  the  medium  of  living  beings,  whether  animals  or 
plants,  we  get  into  this  section  a  number  of  what  may  be  called 
"  organically-formed "  rocks.  The  most  important  of  the  Chemi- 
cally-formed Rocks  are  the  so-called  Calcareous  Rocks,  comprising 
all  those  which  contain  a  large  proportion  of  carbonate  of  lime,  or 
are  wholly  made  up  of  this  substance ;  but  there  are  other  rocks, 
of  different  composition,  formed  by  chemical  or  organic  agency, 
which  may  be  briefly  noticed. 

As  an  example  of  a  rock  the  origin  of  which  is  purely  chemical, 
we  may  take  rock-salt  or  sodium  chloride,  extensive  deposits  of  which 
occur  in  formations  of  all  ages,  from  the  Silurian  upwards.  Whatever 
may  have  been  the  precise  mode  in  which  these  deposits  were 
formed,  it  is  quite  certain  that  the  salt  existed,  to  begin  with,  in 
solution  in  water,  and  that  its  assumption  of  the  solid  form  was  the 
result  simply  of  precipitation.  Hence,  rock-salt  is  invariably  com- 
posed of  larger  or  smaller  crystals  of  sodium  chloride,  though  not 
uncommonly  rendered  impure  by  intermixture  with  sand  or  clay. 

Another  rock  which  may  be  regarded  as  a  direct  product  of 
chemical  action,  apart  from  the  operation  of  living  beings,  is  gypsum 
or  calcium  sulphate.  This  substance,  apart  from  other  modes  of 
occurrence,  is  not  uncommonly  found  interstratified  with  the  ordinary 
sedimentary  rocks,  in  the  form  of  more  or  less  irregular  beds ;  and 
in  these  cases  it  has  a  certain  palseontological  importance,  as  occa- 
sionally yielding  well-preserved  fossils.  In  general  appearance, 
gypsum,  when  occurring  in  mass,  is  usually  a  whitish,  yellowish, 
or  reddish  granular  rock,  which  can  be  easily  shown  by  the  micro- 
scope to  be  composed  of  crystals  of  calcium  sulphate.  Very  com- 
monly indeed,  the  rock  is  as  coarsely  crystallised  as  loaf-sugar,  or 
more  so  and  the  microscope  is  not  needed  for  the  recognition  of  its 
true  structure.  With  regard  to  its  mode  of  origin,  there  is  no  reason 
to  doubt  that  deposits  of  gypsum  are  formed  by  the  direct  precipita- 
tion of  calcium  sulphate  from  solution  in  water,  without  the  inter- 
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vention  of  living  beings ;  though  it  is  possible  that  in  some  cases  the 
chemical  changes  which  have  resulted  in  the  production  of  masses 
of  gypsum  may  have  been  secondary,  and  may  have  acted  at  some 
period  posterior  to  the  original  deposition  of  the  rocks  associated 
with  these. 

Another  lime-salt  which  owes  to  chemical  action  its  present  form, 
and  its  present  relations  to  the  rocks  with  which  it  is  associated,  is 
phosphate  of  lime.    Calcium  phosphate  occurs  in  the  form  of  larger 
or  smaller  crystals  (apatite)  in  many  crystalline  rocks,  whether  these 
be  metamorphic  or  igneous  in  origin.    It  also  sometimes  occurs  in 
considerable  beds  (phosphorite)  in  formations  of  various  ages ;  and 
it  occurs  abundantly  in  the  form  of  nodules  in  some  parts  of  the 
Secondary  and  Tertiary  deposits.    It  likewise  may  occur  dissem- 
inated through  the  ordinary  stratified  rocks  in  such  a  condition  as 
not  to  be  capable  of  detection  save  by  chemical  analysis,  as  has 
been  shown  by  Dr  Hicks  in  the  case  of  the  Cambrian  rocks  of 
Wales.    When  it  is  found  in  the  crystalline  or  in  the  massive  con- 
dition, there  is  no  reason  to  doubt  that  calcium  phosphate  is  the 
product  of  direct  chemical  action.    Even  in  these  cases,  however,  it 
is  quite  possible  that  it  may  have  been  sometimes  derived  in  the 
first  place  from  the  skeletons  or  excrements  of  animals.  Phosphate 
of  lime  forms  the  larger  proportion  of  the  earthy  matter  of  the  bones 
in  Vertebrate  animals,  and  also  occurs  in  less  amount  in  the  skeletons 
of  certain  of  the  Invertebrates  {e.g.,  Lingula  and  Discina,  among  the 
Brachiopods ;  Conularia  and  Hyolithes,  among  the  Pteropods ;  and 
the  Crustacea  in  general).    Phosphate  of  lime  is  thus,  perhaps  even 
more  distinctively  than  carbonate  of  lime,  an  organic  compound. 
When  calcium  phosphate  occurs  minutely  disseminated  through  a 
rock,  it  is  tolerably  certain  that  it  has  been  derived  from  animals 
and  plants.    It  is  also  almost  certain  that  the  phosphate  of  lime  in 
the  so-called  "coproHtes"  of  the  Cambridge  Greensand,  as  in  other 
similar  phosphatic  nodules,  is  organic  in  origin.    Some  of  these 
nodules  consist  of  organisms,  such  as  Sponges,  infiltrated  with  phos- 
phate of  lime,  but  most  of  them  would  seem  to  have  been  formed  by  a 
process  of  segregation  similar  to  that  which  has  given  rise  to  nodules 
of  clay-ironstone  or  of  carbonate  of  lime  in  beds  of  shale.  The 
name  of  "  coprolites  "  given  to  these  phosphatic  nodules  is  founded 
upon  a  misconception,  as  they  are  not  actually  the  fossilised  excre- 
ments of  animals.    In  various  formations,  however,  there  are  found 
genuine  "  coprolites  "—/.e.,  the  petrified  excreta  of  Fishes,  Reptiles, 
or  Mammals,— and  these  are  largely  composed  of  phosphate  of  lime. 

By  far  the  largest  and  most  important  group  of  the  chemically- 
tormed  rocks  is  that  of  the  Calcareoiis  Rocks,  comprising  all  those 
rocks  in  which  carbonate  of  lime  is  the  predominating  ingredient, 
and  which  are  therefore  spoken  of  by  the  general  name  oUimestones. 
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In  all  cases,  the  carbonate  of  lime  which  exists  in  a  limestone  has 
previously  existed  in  solution  in  water,  either  in  the  water  of  a  spring, 
river,  or  lake,  or  in  that  of  the  ocean  itself    Owing,  in  fact,  to  the 
ready  solubility  of  calcium  carbonate  in  water  holding  in  solution 
a  certain  proportion  of  carbon  dioxide,  a  larger  or  smaller  quantity 
of  this  mineral  is  invariably  found  dissolved  in  all  natural  waters, 
whether  fresh  or  salt,  since  these  waters  are  always  to  some  extent 
charged  with  this  solvent  gas.    There  are  two  principal  methods  by 
which  the  carbonate  of  lime  held  in  solution  in  water  may  again 
assume  the  solid  form.    One  of  these  methods  consists  in  the  chem- 
ical precipitation  of  the  carbonate  of  lime  from  the  water.  This 
takes  place  whenever  the  carbonic  acid  in  the  water  becomes  so  far 
reduced  in  quantity  that  it  is  no  longer  able  to  retain  in  solution  all 
the  lime  that  had  been  previously  dissolved ;  or  whenever  the  water 
undergoes  partial  or  complete  evaporation ;  or,  again,  when  water 
which  had  been  enabled  by  a  high  temperature  to  take  up  an  excess 
of  lime,  is  subjected  to  cooling.    Various  well-known  calcareous 
deposits,  such  as  the  "  stalactites  "  and  "  stalagmites  "  of  limestone 
caves,  and  the  "  calcareous  tufa "  and  "  travertine  "  of  springs,  are 
produced  in  this  way  by  the  direct  precipitation  of  carbonate  of  lime 
from  solution.    All  limestones  deposited  in  this  chemical  way  directly 
from  saturated  solutions  are  necessarily  composed  of  larger  or  smaller 
crystals  of  carbonate  of  lime,  and  the  microscope  will  show  that  their 
structure  is  more  or  less  clearly  crystalline.    They  may  contain  the 
remains  of  animals  or  plants,  as  is  not  uncommon  in  the  spongy 
calcareous  tufa  deposited  by  "petrifying  springs";  but  as  such 
remains  are  usually  only  encrusted  by  the  precipitated  hme,  and  are 
not  infiltrated,  they  generally  become  dissolved  out  in  the  course  of 
time,  leaving  cavities  which  mark  their  former  presence.  Calcareous 
deposits  formed  by  direct  precipitation  occasionally  occur  on  a  large 
scale,  and  thus  become  geologically  important,  but  the  ordmary 
limestones  are  formed  in  a  different  way,  and  are  of  much  greater 
palseontological  interest.  ,    ■>      u  .. 

By  far  the  most  general  method  in  which  the  dissolved  carbonate 
of  lime  in  water  may  be  converted  into  the  solid  form  is  by  the  vital 
chemistry  of  animals  and  plants.  Very  many  animals,  and  a  con- 
siderable number  of  plants,  have  the  power  of  abstracting  from  the 
water  the  carbonate  of  lime  which  it  holds  in  solution,  and  of  build- 
ing up  in  this  way  a  calcareous  skeleton.  Hence,  while  the  waters 
which  percolate  through  the  earth's  crust  are  constantly  taking  up 
fresh  carbonate  of  lime,  this  is  being  as  constantly  removed  from  the 
waters  of  rivers,  lakes,  and  the  sea,  and  again  converted  into  the  solid 
form,  by  the  agency  of  living  beings.  It  is  owing  to  the  fact  that 
animal  life  is  much  more  abundant  in  the  sea  than  in  rivers  and 
lakes,  that  sea-water  contains  a  proportionately  smaller  proportion  ot 
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dissolved  lime  than  fresh  waters,  in  spite  of  the  circumstance  that 
rivers  are  constantly  pouring  into  the  sea  vast  quantities  of  this 
substance. 

Considering  the  constant  production  of  carbonate  of  lime  by  vari- 
ous animals  and  plants,  it  is  not  surprising  to  find  on  investigation 
that  many  limestones  are  more  or  less  extensively  composed  of  the 
skeletons  of  living  beings.    Most  limestones  are  therefore,  more  or 
less  clearly,  organic  rocks.    There  are,  however,  two  methods — not 
always  very  clearly  separated  from  one  another — in  which  an  organic 
limestone  may  be  formed.    In  one  set  of  cases,  the  limestone  is  the 
result  of  the  accumulation  of  the  calcareous  skeletons  of  animals  in 
the  place  where  these  organisms  actually  lived  and  grew.    This  is 
seen  occasionally  where  a  limestone  has  been  formed  by  the  growth 
of  innumerable  generations  of  sedentary  Molluscs,  such,  for  example, 
as  Oysters.    Some  Crinoidal  limestones  have  also  been  formed  by 
the  accumulation  of  Crinoids  in  place ;  and  many  of  the  more 
modern  coral-limestones  are  similarly  the  result  of  the  growth  of 
the  lime-producing  polypes  in  the  locality  where  we  now  find  the 
rock.    In  another  and  more  extensive  set  of  cases,  the  limestone  has 
been  formed  by  the  gradual  accumulation  of  the  skeletons  of  animals 
or  plants  which  lived  in  some  place  more  or  less  widely  removed 
from  that  occupied  by  the  limestone  itself.    Thus,  extensive  calcare- 
ous deposits  may  be  formed  at  the  bottom  of  the  deep  sea  by  the 
slow  accumulation  of  the  calcareous  skeletons  of  animals  which  live 
at  the  surface  of  the  ocean,  and  the  shells  of  which  fall  to  the  bottom 
on  the  death  of  the  animal  which  produced  them.    This  is  seen 
in  certain  Foraminiferal  limestones  and  in  Pteropodal  limestones, 
though  in  all  such  cases  the  rock  is  in  part  made  up  of  the  skeletons 
of  animals  which  actually  lived  at  the  bottom  of  the  sea.    In  other 
cases,  the  calcareous  skeletons  of  animals  are  thrown  up  in  great 
banks  by  the  action  of  the  sea  in  the  neighbourhood  of  land.  This 
is  the  case,  for  example,  with  the  great  accumulations  of  shell-sand 
on  many  parts  of  our  shores,  or  with  the  still  more  extensive  deposits 
of  coral-sand  in  warm  seas.    In  such  cases,  the  limestone  is  so  far 
orga?iic  that  it  is  formed  mainly  out  of  the  skeletons  of  lime-secreting 
animals  or  plants,  but  it  is  also  so  far  mechanical  that  the  actual 
formation  of  the  limestone  has  been  due  to  the  breaking  up  and 
wearing  down  of  these  skeletons  by  the  movements  of  the  waves 
of  the  sea. 

If  this  wearing-down  action  has  been  sufficiently  long-continued 
and  sufficiently  complete,  we  may  not  be  able  to  recognise  in  the 
limestone  many,  or  indeed  any,  actual  fragments  of  shells  or  other 
animal  structures  ;  but  the  rock  may  appear  under  the  microscope  as 
a  fine-grained  calcareous  mud,  made  up  of  minute,  mostly  non-crys- 
talline granules  of  carbonate  of  lime  (fig.  2,  a).    This  is  the  case,  for 
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example,  with  some  limestones  of  quite  recent  date,  and  with  the  so- 
called  "  lithographic  "  limestones  of  various  geological  periods  from 
the  Ordovician  onwards.  Similar  fine-grained  calcareous  muds  may 
likewise  be  formed  by  the  slow  digestion  and  consequent  disintegra- 
tion of  the  calcareous  skeletons  of  animals  and  plants,  which  takes 
place  when  such  skeletons  are  long  exposed  to  the  action  of  sea- 
water.  In  other  cases,  again,  a  calcareous  mud  of  the  kind  here 
spoken  of  may  be  produced  by  the  wearing  down  of  previously  exist- 


Fie.  2.— A,  Thin  section  of  lithographic  limestone,  Jurassic,  Solenhofen,  greatly  magnified. 
The  rock  is  a  fine-grained  calcareous  mud,  for  the  most  part  non-crystalline  b,  Thin  section 
of  an  arenaceous  limestone  from  the  Middle  Permian  of  Westmorland.  Jhe  rock  is  largely 
mechanical  in  origin,  angular  fragments  of  quartz  being  cemented  together  by  a  crystalline 
dolomitic  matrix.  (Original.) 


ing  limestones.  More  commonly  the  abrasive  action  of  the  sea  has 
not  been  sufficiently  prolonged  or  severe  to  reduce  the  calcareous 
fragments  to  the  form  of  .mere  calcareous  grains,  in  which  the  organic 
structure  is  no  longer  perceptible.  Hence  the  great  majority  of 
limestones,  when  examined  microscopically,  are  found  to  consist  of 
more  or  less  complete  skeletons,  or  portions  of  the  skeletons,  of  dif- 
ferent kinds  of  lime-producing  animals  or  plants,  cemented  together 
by  a  general  crystalline  or  granular  matrix.  The  general  mode  of 
origin  of  such  limestones  is  rendered  sufficiently  clear  by  an  investi- 
gation of  calcareous  deposits  now  in  process  of  formation.  Such  a 
limestone  to  begin  with  exists  in  the  form  of  an  accumulation  of 
entire  or  fragmentary  calcareous  skeletons,  of  all  shapes  and  sizes, 
loosely  heaped  together,  and  more  or  less  extensively  separated  by 
vacant  spaces.  In  the  process  of  consolidation,  the  irregular  lacunae 
between  the  component  fragments  of  the  mass  may  become  infil- 
trated with  fine  calcareous  mud,  produced  by  the  disintegration  and 
wearing  down  of  the  superficial  portions  of  the  mass  ;  and  the  result- 
ing rock  will  then  have  the  structure  of  a  granular  matrix  enclosing 
innumerable  entire  or  fragmentary  organisms.  An  excellent  example 
of  such  a  rock  is  to  be  obtained  in  the  White  Chalk  (fig.  3)>  ^^^ich 
consists  of  innumerable  organic  fragments,  mostly  referable  to  the 
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Foraniinifera,  cemented  together  by  a  fine  calcareous  mud,  and 
which  was  probably  formed  in  water  of  considerable  depth.  In  the 
more  ordinary  limestones — most  of  which  have  been  formed  close  to 
a  shore-line — the  original  accumulation  of  partially  broken-up  cal- 
careous skeletons  is  subjected  to  the  percolation  through  its  mass  of 
water  holding  carbonic  acid  in  solution.  As  the  result  of  this,  par- 
tial solution  of  the  mass  takes  place,  and  the  dissolved  carbonate  of 
lime  is  ultimately  deposited  in  the  form  of  calcite,  the  rock  thus 


Fig.  3.— Thin  section  of  White  Chalk,  from 
Sussex,  enlarged  about  fifty  times.  The  ma- 
trix is  a  calcareous  mud,  and  the  contained 
organisms  are  mostly  entire  or  broken  Fora- 


Fig.  4- — Thin  section  of  Carboniferous  lime- 
stone, from  Shap,  enlarged  about  fifteen  times. 
The  matrix  is  crystalline,  and  the  included 
organisms  are  Foraminifera,  calcareous  Algje, 
joints  of  Crinoids,  &c.  (Original.) 


organisms  are  mostly 
minifera.  (Original.) 

assuming  the  character  of  a  congeries  of  organic  fragments  bound 
together  by  a  general  matrix  of  crystalline  carbonate  of  lime  (fig.  4). 
Even  accumulations  of  sand  may  be  in  this  way  subjected  to  the  per- 
colation of  acidulated  water  holding  lime  in  solution,  and  may  thus 
be  converted  into  arenaceous  limestones,  in  which  angular  quartz- 
grains  are  united  by  a  matrix  of  crystalline  carbonate  of  lime  (fig.  2,  b). 
1  he  microscope  shows  us  that  very  many  of  the  limestones  com- 
posmg  the  crust  of  the  earth,  of  all  geological  ages  except  the  most 
ancient,  have  been  formed  in  the  general  method  above  described. 
Limestones  of  essentially  similar  structure  are  also  now  in  process  of 
formation  on  a  large  scale.  This  is  specially  seen  in  the  warm  seas 
ot  the  coral-region,  where  the  broken  down  coral-sand  commonly 
becomes  converted  in  time  into  a  hard,  crystalline  or  semi-crystalline 
limestone ;  and  we  may  occasionally  see  the  same  process  at  work, 
on  a  smaller  scale,  in  the  shell-sand  of  our  own  shores. 

of  p/nln-''^  ^'T  *^  ^^""y^^  '^^^  *^  formation  of  the  crystalline  matri.x 
ot  an  ordinary  limestone  is  always  secondary  to  the  accumulation  of  the 
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organic  fragments  which  compose  the  mass  of  the  rock.  In  some  cases 
the  matrix  has  been  deposited  in  the  first  instance  in  a  crystalline  form, 
and  is  the  result  of  the  percolation  through  the  mass  of  water  charged 
with  carbonate  of  lime  in  solution.  In  other  instances,  the  matrix  has, 
to  begin  with,  been  composed  of  a  fine  calcareous  mud,  which  has  later 
undergone  crystallisation,  as  the  i-esult  of  secondary  chemical  and  me- 
chanical changes.  Sometimes  this  superinduced  crystallisation  may  be 
the  result  of  pressure  ;  in  other  cases  it  may  be  caused  by  the  per- 
colation through  the  rock  of  heated  or  carbonated  water ;  while  in  many 
instances  it  is  connected  with  the  process  of  dolomitisation. 

In  this  process  of  superinduced  crystallisation,  the  organic  fragments 
contained  in  the  rock  usually  show  themselves  more  stable  than  does  the 
matrix.  Hence  the  matrix  may  become  more  or  less  highly  crystalline, 
while  the  included  organic  fragments  remain  more  or  less  distinct  and 
unaffected.  It  often  happens,  however,  as  specially  insisted  upon  by  Dr 
Sorby,  that  the  fragments  of  calcareous  organisms  have  crystallised  along 
with  the  surrounding  matrix,  in  such  a  manner  as  to  have  more  or  less 
extensively  lost  not  only  their  organic  structure  but  also  their  external 
outline.  There  are  various  degrees  in  which  this  superinduced  crystal- 
lisation, and  consequent  obhteration,  of  the  included  organic  fragments 
in  a  limestone  takes  place.  It  is  noticeable,  however,  that  the  agencies 
which  give  rise  to  this  condition  are  not  necessarily  of  any  great  mtensity, 
since  complete  crystallisation  and  obliteration  of  the  included  organic 
remains  may  occur  in  modern  calcareous  deposits  {e.g.^  some  coral-lime- 


Fig.  5.-A,  Section  of  Ordovician  limestone,  from  Keisley,  Westmorland,  in  which  'he  ciys^^ 
lisation  of  the  matrix  has  extended  to  the  included  fragments  of  C"n°'d^.  5^^hown  the^^^^^^^ 
tinuation  of  the  cleavage-planes  from  one  to  the  other.  Enlarged  about  five  times.  B,  l<ibro 
crystalline  structure  developed  in  the  same  limestone,  considerably  enlarged.  (Original.) 

stones).  An  interesting  example  of  this  phenomenon  is  commonly  seen 
in  Crinoidal  limestones,  in  which  the  entire  rock  may  be  so  crystallised 
that  the  cleavage-planes  of  the  calcite  run  continuously  through  both  tne 
matrix  and  the  included  fragments  of  Crinoids,  the  latter  nevertheless 
preserving  their  outlines  (Fig.  5,  a.)  ^vhihit  1 

In  many  of  the  older  limestones,  portions  of  the  rock  often  exhibit  a 
peculiar  fibro-crystalline  structure,  being  composed  of  feather-like  col- 
umns of  crystalline  carbonate  of  lime,  placed  side  by  side  and  mtersected 
by  a  double  cleavage.  Sections  of  such  fibro-crystalline  masses  (Fig. 
c  B)  examined  microscopically,  commonly  show,  therefore,  a  character- 
il'tic  pInnTte  or  "herring-bone"  structure,  due  to  the  crossing  of  the  two 
sets  of  cleavage-planes     This  remarkable  structure  is  obviously  the 
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result  of  secondary  changes  affecting  the  hmestone.  It  is  of  frequent 
occurrence  in  the  calcareous  material  which  occupies  the  interior  of 
fossils,  such  as  the  shells  of  Mollusca  or  the  crusts  of  Trilobites,  in  which 
case  the  columns  radiate  from  the  surface  of  attachment.  In  other  cases, 
it  occupies  irregular  winding  spaces  in  the  rock,  when  it  exhibits  a  con- 
centrically banded  structure,  indicating  its  formation  in  successive  layers, 
while  the  constituent  fibres  radiate  inwards  in  all  directions  from  the 
bounding  surfaces  of  the  mass.  Under  ordinaiy  conditions,  this  peculiar 
fibro-crystalline  structure  can  only  be  regarded  as  purely  inorganic.  In 
some  instances,  however,  an  apparently  identical  structure  is  produced 
by  the  partial  crystallisation  of  organic  remains,  such  as  the  calcareous 
skeletons  of  Stromatoporoids  or  Corals.  It  would  appear  that  the  so- 
called  Stromatactis  of  Monsieur  E.  Dupont,  which  plays  a  very  important 
part  in  the  formation  of  some  of  the  Devonian  limestones  of  Belgium, 
is  really  of  the  nature  of  the  above-mentioned  fibro-crystalline  masses, 
being  partly  of  inorganic  origin,  and  probably  in  part  the  result  of  sec- 
ondary change  in  suitable  fossils,  such  as  Stromatoporoids. 


Any  of  the  great  groups  of  Invertebrates  in  which  a  calcareous 
skeleton  is  produced  may  take  a  more  or  less  prominent  part  in  the 
formation  of  a  limestone ;  and  the  principal  facts  connected  with 
this  subject  will  be  dealt  with  in  greater  detail  in  treating  of  each 
group  of  animals  separately.  It  may  be  well,  however,  to  indicate 
here,  in  the  briefest  manner,  the  chief  groups  of  organisms,  whether 
animal  or  vegetable,  which  may  be  considered  as  pre-eminently 
makers  of  limestones.  As  regards  animals,  a  very  important  place 
must  be  assigned  to  the  Foram- 
inifera,  a  group  of  the  Protozoa  in 
which  a  calcareous  shell  is  com- 
monly developed.  So  far  as  the 
older  Palseozoic  limestones  (Or- 
dovician,  Silurian,  and  Devonian) 
are  concerned,  it  is  noteworthy 
that  in  very  few  instances,  so  far  as 
yet  known,  do  the  tests  of  Foram- 
inifera  constitute  a  prominent  con- 
stituent of  the  rock.  In  all  the 
later  formations,  however,  begin- 
ning with  the  Carboniferous,  we 

meet  with    limpstnnpt;    wbiVh    nrp  ^'S-  6.  — Section  of  Carboniterous  lime- 

lucei.  Wltn    limesiones    Wnicn    are  stone  from  Spergen  Hill,  Indiana,  U.S., 

more  or  less   highly  charged  with  showing  numerous  large-sized  Foraminifera 

.  1  ,                              r                   .  {Endothyra)  and  a  few  oolitic  grains,  mae- 

the  calcareous  tests  of  these  mm-  nified.  (Original.) 
ute  organisms,  sometimes  in  such 

numbers  that  the  rock  becomes  what  may  be  properly  called  a 
"  Foraminiferal  limestone"  (fig.  6).  Of  this  nature  are  the  "  Sac- 
cammina  limestone"  of  the  North  of  England,  the  "  Endothyra 
limestone "  of  North  America,  and  the  "  Fusulina  limestone  "  of 
Russia,  all  of  which  are  of  Carboniferous  age.     Of  the  Foram- 
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iniferal  limestones  of  the  Mesozoic  period  the  most  interesting  and 
important  is  the  White  Chalk,  the  characters  of  which  will  be  con- 
sidered more  fully  later  on.  Lastly,  in  the  Tertiary  period  there 
are  various  well-known  Foraminiferal  limestones,  of  which  the  most 
important  and  most  widely  distributed  is  the  great  calcareous 
deposit  known  as  the  "  Nummulitic  limestone." 

Among  Coelenterate  animals,  the  principal  lime-makers  are  the 
true  Corals  {Madreporarid).  Many  of  the  limestones  which  enter 
into  the  composition  of  the  crust  of  the  earth,  dating  from  the 
Ordovician  period  onwards,  are  more  or  less  extensively  composed 
of  the  skeletons  of  Corals.  Though  the  Corals  commonly  occur  in 
such  a  manner  in  the  rock  as  to  show  clearly  that  they  grew  on  the 
spot  where  the  limestone  was  formed,  it  is  questionable  if  any  of  the 
Palaeozoic  limestones  can  be  properly  said  to  be  actual  "  coral- 
reefs,"  though  some  of  the  Devonian  limestones  of  North  America 
and  Belgium  may  possibly  be  truly  of  this  nature.  In  the  Secondary 
and  Tertiary  periods,  however,  we  meet  with  coralline  limestones 
which  may  be  considered  as  essentially  similar  in  structure  and  mode 
of  formation  to  the  "  coral-reefs  "  of  the  warm  seas  of  the  present 
epoch.  The  Corals,  however,  are  not  the  only  Coelenterate  ani- 
mals which  play  an  important  part  in  the  formation  of  limestones, 
for  it  is  now  known  that  certain  of  the  Hydrozoa  are  likewise  capable 
of  giving  rise  to  extensive  calcareous  deposits  by  the  accumulation 
of  their  skeletons.  Thus,  certain  of  the  Silurian  and  Devonian 
limestones  are  largely  composed  of  the  calcareous  skeletons  of  the 
extinct  Hydrozoa  which  constitute  the  group  of  the  "  Stromatopo- 
roids."  Other  Palaeozoic  limestones  are  extensively  made  up  of  the 
remains  of  organisms  like  Solenopora  and  Mikheldeanta,  which  are 
possibly  referable  to  the  Hydrozoa.  At  the  present  day,  the  only 
Hydrozoon  which  is  conspicuously  concerned  in  the  formation  of 
limestone  is  the  Hydrocoralline  genus  Millepora,  which  plays  an 
important  part  in  the  construction  of  many  of  the  existing  "  coral- 
reefs." 

Of  the  Echinoderniata  there  is  only  one  order — viz.,  that  of  the 
Sea-lilies  or  Crinoids — which  demands  special  mention  in  the  pres- 
ent connection.  At  the  present  day,  the  Crinoids  constitute  a  but 
feeble  remnant  of  a  once  powerful  and  widely  distributed  group,  and 
they  are  not  known  to  exist  anywhere  in  numbers  sufficient  to  render 
them  noteworthy  as  lime-makers.  Among  the  older  rocks  of  the 
earth's  crust,  however,  and  more  particularly  in  deposits  of  Ordovi- 
cian, Silurian,  Devonian,  and  Carboniferous  age,  are  found  great 
beds  of  limestone,  essentially  composed  of  the  broken  stems  and 
detached  plates  of  Crinoids  (fig.  7).  Such  limestones  are  known  to 
geologists  as  "  Crinoidal  limestones"  and  "  Encrinital  marbles," 
and  they  are  usually  composed  of  more  or  less  broken  and  rolled 
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Fig.  7. — Section  of  Crinoidal  limestone, 
from  the  Devonian  (Hamilton  Formation) 
of  Canada,  enlarged  ten  times.  The  matrix 
in  which .  the  Crinoidal  fragments  are  en- 
closed, is  mostly  a  fine  calcareous  mud. 
(Original.) 


fracrments  of  Crinoids,  showing  that  the  materials  of  which  they  are 
composed  had  been  subjected  to  the  action  of  the  sea  before  bemg 
consolidated  into  rock.  In  other 
cases,  especially  among  some  of 
the  Crinoidal  limestones  of  the  Me- 
sozoic  period,  the  Crinoids  seem  to 
have  grown  on  the  spot  where  the 
limestone  was  deposited.  Very 
generally,  the  Crinoidal  fragments 
are  sufficiently  large  and  well  pre- 
served to  be  readily  recognised, 
even  with  the  unassisted  eye ;  but 
even  when  they  have  been  greatly 
abraded  and  worn  down,  their  pres- 
ence can  usually  be  detected  with- 
out difficulty  by  an  examination  of 
thin  sections  by  means  of  the  mi- 
croscope. By  this  method  it  is,  at 
any  rate,  almost  always  possible  to 
determine  whether  or  not  a  given 
fragment  is  Echinodermal,  since 
the  minute  structure  of  the  skele- 
ton in  the  animals  of  this  group  is  highly  characteristic. 

None  of  the  members  of  the  great  series  of  the  Annulose  Animals 
can  be  said  to  play  a  very  important  part  in  the  formation  of  lime- 
stones. Apart  from  the  occasional  presence  in  Hmestones  of  the 
calcareous  cases  of  the  Tubicolous  Annelides,  almost  the  only 
Annulose  animals  which  ever  contribute  to  lime-making  are  the 
Crustacea.  In  some  cases,  however,  the  calcareous  crusts  of  certain 
groups  of  Crustaceans  (particularly  the  Trilobites  and  the  Ostra- 
codes)  constitute  a  noteworthy  element  in  the  composition  of  lime- 
stones. 

On  the  other  hand,  the  two  existing  groups  of  the  Molluscoids — 
viz.,  the  Polyzoa  and  the  Brachiopoda,  have  both  been  extensively 
concerned  in  lime-making.  In  many  of  the  Palaeozoic  limestones,  the 
remains  of  Polyzoa  constitute  a  conspicuous  feature,  though  they 
cannot  be  said  to  form  the  bulk  of  the  rock.  In  some  of  the 
Secondary  and  Tertiary  limestones,  however,  the  rock  is  really  made 
up  to  a  predominating  extent  of  the  calcareous  skeletons  of  Poly- 
zoa. Well-known  examples  of  such  so-called  "  Coralline  limestones  " 
are  found  in  the  Upper  White  Chalk  of  the  continent  of  Europe, 
and  in  the  "  Coralline  Crag "  (Pliocene)  of  Suffolk  and  Norfolk. 
The  Brachiopods,  again,  exerted  their  greatest  activity  as  lime- 
makers  during  the  Palseozoic  period,  many  of  the  limestones  of  the 
Ordovician,  Silurian,  Devonian,  and  Carboniferous  periods  being 
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largely  made  up  of  the  entire  or  fragmentary  shells  of  animals 
belonging  to  this  group. 

Still  more  important  are  the  true  Molluscs,  the  shells  of  which 
have  commonly  been  accumulated  to  form  beds  of  limestone  in  all 
the  great  periods  from  the  Ordovician  onwards.  Some  of  these 
"  shell-limestones  "  are  composed  of  the  exuvias  of  sedentary  Mol- 
luscs, such  as  Oysters,  and  have  therefore  been  formed  in  place. 
Excellent  examples  of  such  limestones  are  afforded  by  portions  of 
the  "  Muschelkalk "  of  the  Trias  of  Germany,  and  the  massive 
"  Hippurite  limestone "  of  southern  Europe.  In  other  cases,  the 
limestone  is  made  up  principally  of  the  broken  fragments  of  Mol- 
luscan  shells  which  have  been  subjected  to  the  transporting  and 
abrading  action  of  the  sea ;  and  the  rock  has  therefore  been  formed 
in  a  manner  similar  to  that  in  which  the  "  shell-sand "  of  modern 
shores  has  been  produced.  In  still  other  cases,  again,  the  limestone 
has  been  formed  by  the  slow  accumulation  on  the  sea-bottom  of  the 
shells  of  "  pelagic "  Molluscs,  which  live  at  or  near  the  surface  of 
the  sea,  and  the  skeletons  of  which  fall  to  the  bottom  on  the  death 
of  their  owners.  Of  this  nature  are  the  "  Pteropodal  ooze  "  of  the 
present  period  and  the  "  Pteropodal  limestones "  associated  with 


Fig.  8. — Section  of  a  Pteropodal  limestone,  Fig.  g. — Section  of  a  Tertiary  limestone 

made  up  of  the  shells  of  Siyliolajissurella,  ("  Leitha-kalk"),  from  Nussdorf,  near  Vienna, 

Hall,  from  the  Devonian  (Genesee  Slates),  composed  almost  entirely  of  fragments  of 

Canandaigua,    United    States.     Enlarged  Nullipores  cemented  together  by  a  cnj-stalline 

twenty  times.    (Original.)  matrix.    Enlarged  three  times.  (Original.) 


uplifted  coral-reefs.  Similar  "  Pteropodal  limestones  "  are  known  to 
occur  even  in  deposits  as  old  as  the  Devonian  (fig.  8),  but  they  are 
of  rare  occurrence  and  are  usually  of  small  thickness.  Lastly,  it 
is  to  be  noticed  that  limestones  may  be  formed  as  well  by  fresh- 
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water  Molluscs  as  by  those  which  inhabit  the  sea.  The  recent 
"  shell-marls  "  are  examples  of  deposits  of  this  nature,  and  various 
Tertiary  and  Secondary  limestones  are  more  or  less  extensively 
charged  with  the  shells  of  fresh-water  Gastropods  and  Bivalves. 

Finally,  it  is  to  be  noted  that  animals  are  not  the  exclusive  agents 
concerned  in  the  building  up  of  limestones.  Certain  of  the  calcare- 
ous Alg^ — such  as  the  "  CoraUines,"  the  "  NuUipores,"  and  the 
singular  family  of  the  Dadyloporidce — are  capable,  singly  or  in  com- 
bination with  other  organisms,  of  forming  accumulations  of  lime, 
sometimes  upon  a  most  extensive  scale.  The  two  latter  groups,  in 
particular,  have  given  rise  to  vast  masses  of  limestone.  Examples 
of  the  Dadyloporidce  occur  even  in  the  Palaeozoic  limestones,  but 
the  most  famous  and  most  extensive  deposit  formed  by  Algce  of  this 
group  is  the  well-known  "  Gyroporella-limestone "  of  the  Bavarian 
and  Tyrolese  Alps,  the  age  of  which  is  Triassic.  Limestones  formed 
more  or  less  largely  of  "  Nullipores  "  {Lithothaninion)  occur  to  some 
extent  in  the  Secondary  rocks,  and  are  extensively  developed  in  the 
Tertiary  series.  The  most  famous  of  these  is  the  "  Nulliporen- 
kalk  "  or  "  Leitha-kalk  "  of  the  Vienna  basin  (fig.  9),  which  attains 
a  considerable  thickness,  and  extends  from  Austria,  through  the 
Balkans,  to  Asia  Minor  and  Persia. 

In  connection  with  the  subject  of  the  constitution  of  the  ordinaiy  or- 
ganic limestones,  the  researches  of  Dr  Sorby  on  the  precise  chemical 
composition  of  calcareous  organisms  demand  a  brief  notice.  The  car- 
bonate of  lime  in  calcareous  organisms  exists  sometimes  in  the  condition 
of  aragonite,  sometimes  in  that  of  calcite.  The  chief  differences  between 
these  two  allotropic  conditions  of  calcium  carbonate  are  :  (i)  that  calcite 
is  optically  uniaxial,  whereas  aragonite  is  biaxial ;  (2)  that  calcite  has  a 
specific  gravity  of  about  2.72,  whereas  the  density  of  aragonite  is  2.93  ; 
and  (3)  that  aragonite  is  harder  than  calcite,  as  shown  by  the  fact  that 
the  former  will  scratch  a  ciystal  of  Iceland  spar  along  the  line  of  the 
short  diagonal  of  one  of  the  crystalline  facets,  whereas  the  latter  will  not 
do  so.  In  the  second  place,  the  composition  of  the  skeleton  of  calcareous 
organisms  varies  in  different  groups,  some  having  a  skeleton  wholly  of 
calcite  and  others  wholly  of  aragonite,  while  in  some  cases  the  skeleton 
IS  composed  in  part  of  calcite  and  in  part  of  aragonite.  The  following 
table  shows  the  principal  variations  in  this  respect,  as  determined  by  the 
researches  of  Sorby  : — 

1.  Foramini/era.~Th&  test  of  the  calcareous  Foraminifera  appears  to 
be  in  general  composed  of  calcite,  though  a  certain  amount  of  aragonite 
seems  to  be  sometimes  present.  [In  the  porcellanous  Foraminifera  the 
test  is  very  probably  wholly  composed  of  aragonite.] 

2.  Madreporaria.~'Y\^&  true  Corals   have  the   skeleton  composed, 
mainly  or  wholly,  of  aragonite. 

3.  ^/^d7«ar/rt.— The  skeleton  of  the  Alcyonarian  Corals  is  mainly  of 
calcite,  but  with  indications  of  the  presence  of  a  small  amount  of  aragon- 


4.  Fchiiioder>nata.~T\\e  skeleton  is  always  composed  essentially  of 
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5.  Annelida. — The  skeleton  seems  to  be  always  composed  of  calcite. 

6.  Crustacea. — The  shell  of  the  Crustaceans  is  mainly  composed  of 
calcite,  with  a  variable  intermixture  of  phosphate  of  lime. 

7.  Poly 20a. — The  skeleton  of  the  calcareous  Polyzoa  consists  of  a  vari- 
able intermixture  of  calcite  and  aragonite,  the  two  inseparably  blended 
together. 

8.  Brachiopoda. — The  shell  appears  to  be  always  composed  of  calcite 
[sometimes  with  a  considerable  proportion  of  phosphate  of  lime]. 

9.  Lamellibranchiata.- — The  shell  of  the  Bivalve  Molluscs  is  often  com- 
posed wholly  of  aragonite,  but  in  other  cases  {e.g..,  Oysters  and  Scallops) 
it  is  wholly  of  calcite,  while  in  others  {e.g.,  in  Mussels,  Pinna,  &c.)  the 
shell  has  an  outer  layer  of  calcite  and  an  inner  layer  of  aragonite. 

10.  Gastropoda. — Most  Univalve  Molluscs  have  the  shell  wholly  com- 
posed of  aragonite,  but  some  (such  as  Patella,  Fusus,  Littorina,  and 
Purpura)  possess  an  outer  layer  of  calcite  and  an  inner  layer  of 
aragonite. 

11.  Cephalopoda. — The  shells  of  Cephalopods  appear  to  be  mainly 
composed  of  aragonite. 

The  above-mentioned  variations  in  the  chemical  composition  of  the  skele- 
ton of  calcareous  organisms  have  been  shown  by  Sorby  to  be  associated 
with  important  differences  as  to  the  condition  of  preservation  of  these 
skeletons  as  fossils.  It  has  been  shown,  namely,  that  aragonite  is  rela- 
tively much  less  stable  than  calcite.  Calcite  has  no  tendency,  under  any 
natural  circumstances,  to  pass  into  the  condition  of  aragonite  ;  aragonite 
very  readily  passes  into  the  condition  of  calcite.  Hence  in  the  processes 
connected  with  fossilisation,  calcareous  skeletons  composed  of  aragonite 
are  much  more  liable  to  undergo  alteration,  replacement,  or  even  dissolu- 
tion, than  are  those  composed  of  the  more  stable  calcite.  It  is  for  this 
reason  that  the  shells  of  Gastropods  and  Lamellibranchs— which  are 
commonly  composed  entirely  of  aragonite— are  so  often  found  as  fossils 
in  the  condition  of  mere  "  casts,"  the  original  shell  having  been  wholly 
removed  by  solution,  or  having  been  replaced  by  a  pseudomorph  com- 
posed of  irregulariy  placed  (unoriented)  crystals  of  calcite.  For  the 
same  reason,  in  cases  where  the  shell  consists  in  part  of  aragonite  and 
in  part  of  calcite,  it  is  common  for  the  aragonite  layer  to  have  been  re- 
moved, while  the  calcite  layer  has  been  preserved. 

Before  leaving  the  subject  of  limestones,  it  may  be  advisable  to 
notice  briefly  the  more  important  differences  as  regards  chemical 
constitution  or  minute  structure  which  give  rise  to  special  types  of 
limestone,  and  which  not  infrequently  have  a  pal^ontological  signifi- 
cance. The  differences  here  specially  alluded  to  may  be  considered 
under  the  following  heads  : —  ,  ■  .  ^• 

(i.)  Lithological  Nature.— m^^y  of  the  differences  which  dis- 
tinguish particular  varieties  of  limestone  concern  simply  the  mineral 
nature  of  the  rock,  and  are  of  no  special  importance  from  a  pateon- 
tological  point  of  view.  Thus,  many  limestones  are  more  or  less 
extensively  made  up  of  angular  quartz-grains  embedded  in  a  matrix 
of  crystalline  calcite  (fig.  2,  b),  the  rock  becoming  an  arenaceous  Imie- 
stone  There  are  innumerable  links,  in  fact,  between  what  may  be 
called  a  "  calcareous  sandstone"  and  a  true  "limestone"  containing 
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a  small  number  of  scattered  grains  of  quartz.  In  other  cases  more 
or  less  silicate  of  alumina  is  present,  and  the  rock  becomes  an  argil- 
laceous limestone,  passing,  in  extreme  cases,  into  a  "  calcareous 
shale."  In  other  cases,  again,  the  limestone  may  be  more  or  less 
highly  charged  with  minute  particles  of  carbon,  or  may  be  more  or 
less  impregnated  with  certain  hydrocarbons,  the  rock  becoming  a 
carbonaceous  limestone  or  a  bituminous  limestone,  as  the  case  may  be. 
The  term  "  marble "  is  one  of  no  very  precise  signification,  any 
limestone  which  is  sufficiently  hard  and  compact  to  take  a  high 
poHsh  being  usually  spoken  of  under  this  name.  "  Chalk,"  again, 
from  a  purely  lithological  point  of  view,  is  a  soft  pulverulent  lime- 
stone, but  it  is  occasionally  quite  hard  and  compact ;  and  its  truly 
essential  characters  depend  upon  its  organic  structure,  which  will  be 
more  fully  considered  later  on. 

(2.)  Chemical  Constitution. — The  most  important  variation  in 
limestones,  from  a  chemical  point  of  view,  is  established  by  the 
presence  in  the  rock  of  more  or  less  carbonate  of  magnesia.  The 
presence  of  a  certain  amount  of  magnesia  in  a  limestone  is  a  very 
common  phenomenon,  and  often  only  admits  of  detection  by  means 
of  chemical  analysis.  Limestones  which  contain  a  variable  and 
comparatively  small  amount  of  carbonate  of  magnesia  are  spoken  of 
as  "  magnesian  Hmestones,"  and  they  often  differ  little  or  not  at  all 
from  ordinary  limestones  in  either  appearance  or  structure.  AVhere 
there  is  a  notable  proportion  of  carbonate  of  magnesia  present,  the 
Hmestone  often  assumes  a  brownish  or  yellowish  colour,  with  a 
sandy  aspect,  while  it  shows  a  marked  tendency  to  undergo 
secondary  crystallisation.  This  is  shown  in  some  cases  by  the 
development  of  a  concretionary  structure  in  the  rock,  the  so-called 
"  concretions  "  being  truly  the  result  of  an  imperfect  form  of  crystal- 
lisation. Thin  sections,  also,  of  such  magnesian  limestones  invari- 
ably show  that  the  rock  has  undergone  more  or  less  extensive  re- 
crystallisation,  subsequent  to  consolidation;  and  the  organic  fragments 
originally  present  in  the  rock  have  been  thereby  more  or  less  largely 
obscured,  or,  it  may  be,  completely  obliterated.  Owing,  further,  to 
the  comparative  insolubility  in  water  of  carbonate  of  magnesia  as 
compared  with  carbonate  of  lime,  the  larger  calcareous  organisms 
(such  as  the  shells  of  Molluscs)  in  the  more  highly  magnesian  lime- 
stones have  been  commonly  dissolved  out  of  the  rock,  and  are  now 
only  represented  by  casts  and  moulds.  Where  the  carbonate  of 
magnesia  is  present  in  a  limestone  in  such  quantity  as  to  form  with 
the  carbonate  of  lime  a  true  double  carbonate,  the  rock  is  what  is 
strictly  called  a  "  dolomite."  The  true  dolomites,  when  examined 
microscopically,  are  always  found  to  be  more  or  less  intensely  crys- 
talline. In  some  cases  the  recrystallisation  to  which  the  rock  has 
been  subjected  subsequent  to  its  original  formation  has  not  been 
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suflficient  to  absolutely  destroy  any  organic  remains  present  in  the 
rock.  Thus,  in  the  dolomites  of  the  Guelph  formation  (Silurian)  of 
Canada,  the  presence  of  fossils  can  commonly  be  recognised  in  thin 
sections,  though  these  have  always  undergone  more  or  less  secondarj' 
change,  and  have  usually  been  replaced  by  calcite  or  by  peroxide  of 
iron,  or  are  represented  simply  by  vacant  spaces  in  the  rock.  On 
the  other  hand,  in  many  dolomites  (fig.  lo)  secondary  crystallisation 
has  been  as  complete  as  in  statuary  marble,  and  any  organic  remains 
which  may  have  existed  in  the  rock  to  begin  with  have  been  totally 
obliterated. 

With  regard  to  the  origin  of  magnesian  liinestones,  it  is  sufficient 
here  to  say  that  those  in  which  magnesia  is  present  in  comparatively 
small  quantity  probably  owe  their  peculiarities  to  the  conditions 
under  which  they  were  originally  deposited ;  and  there  are  even  true 
dolomites  in  which  there  is  ground  for  thinking  that  the  rock  was 


Fig.  lo.— Thin  section  of  dolomite,  from 
Sweden,  enlarged  ten  times.  The  rock  is 
an  aggregate  of  comparatively  large  crystals, 
which  exhibit  the  characteristic  cleavage- 
lines  of  carbonate  of  lime.  (Original.) 


Fig.  II.— Section  of  oolitic  limestone.  Car- 
boniferous, Kershope  Foot,  enlarged  thirty 
times.  Some  of  the  spheroids  have  no  defin- 
ite boundaries,  and  consist  simply  of  diffuse 
radiating  crj'stallisations.  (Original.) 


magnesian  from  the  first.  In  other  cases,  again,  it  cannot  be 
doubted  that  the  rock  was  originally  a  normal  limestone,  and  that 
"  dolomitisation  "  was  the  result  of  secondary  changes  affecting  the 
rock  subsequent  to  its  original  formation. 

(3.)  Minute  Structure.— ThQ  most  important  of  the  ordinary  struc- 
tural peculiarities  of  limestones  is  what  is  known  as  the  "  oolitic" 
structure.  The  subject  of  the  oolitic  structure  of  calcareous  rocks  is 
one  of  great  complexity,  and  the  morphological  differences  which 
exist  between  different  oolites  are  very  numerous  and  highly  remark- 
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able.  It  will  not,  therefore,  be  possible  here  to  do  more  than  glance 
at  some  of  the  more  salient  peculiarities  presented  by  oolitic  lime- 
stones. If  a  thin  slice  of  any  ordinary  oolitic  limestone  be  examined 
under  the  microscope,  it  will  be  found  to  exhibit  more  or  less 
numerous  rounded  or  oval  grains,  of  variable  size,  embedded  in  a 
matrix  of  crystalline  calcite  (fig.  1 1).  Each  oolitic  grain,  or  spheroid, 
ordinarily  exhibits  a  more  or  less  obvious  structure  out  of  concen- 
trically superimposed  layers,  each  layer  being  composed  of  minute 
crystals  of  calcite  arranged  in  a  radiating  manner,  with  their  long 
axes  perpendicular  to  the  surface.  Very  commonly  there  may  be 
detected  in  the  centre  of  the  grain  a  larger  or  smaller  foreign  body, 
such  as  a  grain  of  quartz  or  a  fragment  of  some  calcareous  organism, 
which  has  served  as  a  nucleus  round  which  the  spheroid  has  been 
built  up.  In  other  cases,  no  traces  of  a  foreign  nucleus  can  be  re- 
cognised. According  to  the  view  usually  entertained,  oolitic  grains 
of  the  type  just  described  have  been  produced  by  "  the  original 
deposition  of  calcite  round  nuclei  gently  drifted  along  by  currents  of 
the  ordinary  temperature,  which  caught  up  more  or  less  of  the  sur- 
rounding mechanical  impurities  "  (Sorby).  According  to  this  view, 
therefore,  the  rock  was  primitively  a  loosely  compacted  aggregate  of 
oolitic  grains,  along  with  entire  or  fragmentary  calcareous  organisms, 
and  solidification  was  a  secondary  process,  due  to  the  percola- 
tion through  the  mass  of  water  charged  with  carbonate  of  lime 
in  solution,  and  the  consequent  precipitation  of  crystalline  calcite 
in  all  the  vacant  spaces  between  the  grains.  This  view,  doubtless, 
affords  an  adequate  explanation  of  the  formation  of  the  ordinary 
oolitic  limestones.  There  are,  however,  cases  in  which  it  would 
rather  seem  that  the  formation  of  the  oolitic  grains  has  been  due  to 
secondary  crystallisation  in  an  originally  normal  limestone.  Thus, 
in  certain  limestones  some  of  the  oolitic  grains  have  no  definite 
boundaries,  but  consist  simply  of  diffuse  radiate  crystallisations, 
which  may  or  may  not  have  a  central  nucleus  for  their  starting-point 
(fig-  11);  The  structure  just  alluded  to  must,  however,  be  carefully 
distinguished  from  cases  in  which  the  oolitic  grains  have  undergone 
recrystallisation  at  some  period  posterior  to  their  original  formation. 
In  this  latter  case,  the  grains  preserve  their  outlines,  but  the  primitive 
radiate  and  concentric  structure  is  more  or  less  completely  destroyed, 
and  the  spheroids  consist  simply  of  irregularly  placed  crystals  of 
comparatively  large  size. 

In  all  the  fossiliferous  formations,  from  the  Ordovician  onwards, 
oolitic  limestones  are  of  common  occurrence ;  but  they  vary  con- 
siderably in  their  more  minute  characters.  In  one  of  the  commonest 
varieties  of  oolitic  limestones  the  grains  assume  a  greatly  elongated 
form,  when  the  name  of  "  spheroids  "  is  hardly  applicable  to  them. 
Such  elongated  grains  have  been  sometimes  regarded  as  owing  their 
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shape  to  pressure,  but  it  does  not  appear  that  this  is  an  adequate 
explanation,  and  their  mode  of  origin  is  still  obscure. 

(4.)  Superinduced  Structure. — There  are  probably  no  limestones, 
including  even  those  now  actually  in  process  of  formation,  which  are 
absolutely  free  from  superinduced  structural  peculiarities  of  one  kind 
or  another.  In  a  general  way,  these  superinduced  peculiarities 
depend  upon  a  more  or  less  extensive  recrystallisation  of  portions 
of  the  rock,  it  being  sometimes  the  matrix  of  the  limestone  which  is 
thus  affected,  sometimes  the  included  fragments,  and  sometimes 
both.  In  many  cases,  the  secondary  crystallisation  of  a  limestone 
may  be  the  result  of  slow  chemical  or  physical  changes,  connected 
in  the  main  with  the  percolation  through  the  rock  of  water  holding 
carbonic  acid  or  other  ingredients  in  solution.  As  regards  the 
organic  fragments  present  in  most  limestones,  these  gradual  changes 
are  doubtless  much  facilitated  by  the  readiness  with  which  aragonite 
passes  into  the  condition  of  calcite.  As  a  general  rule,  however, 
these  slow  alterations  do  not  affect  the  structure  of  the  limestone  so 
profoundly  but  that  the  original  constitution  of  the  rock  is  easily 
recognisable  by  suitable  methods  of  examination.  In  many  cases, 
on  the  other  hand,  and  especially  among  the  older  limestones  of  the 
earth's  crust,  the  rock  has  undergone  changes  of  a  much  deeper  and 
more  far-reaching  character  than  those  above  alluded  to.  The  most 
prominent  of  these  changes  consists  in  a  more  or  less  complete 
crystallisation  of  the  rock,  leading  to  a  more  or  less  complete  oblit- 
eration of  any  fossils  which  it  may  have  contained.  The  general 
causes  which  contribute  to  bring  about  this  thorough  crystallisation 
of  limestones  are  heat  and  pressure,  singly  or  together,  combined 
with  the  action  of  percolating  water,  which  is  rendered  chemically 
potent  by  having  certain  substances  dissolved  in  it. 

That  the  application  of  a  powerful  heat  to  limestone  will  cause  its 
crystallisation  is  sufficiently  exemplified  by  the  well-known  pheno- 
mena observable  in  a  limestone  when  intersected  by  an  intrusive 
igneous  rock.  Thus,  limestone  in  the  immediate  neighbourhood  of 
a  trap-dyke  or  a  mass  of  granite  is  found  to  have  been  converted 
into  a  crystalline  marble,  in  which,  as  a  rule,  no  traces  of  organic 
structure  can  be  detected  under  the  microscope.  "When  developed 
upon  a  larger  scale,  crystalline  limestones  are  usually  found  in  regions 
which  can  be  shown  to  have  been  subjected  to  powerful  earth-move- 
ments, one  result  of  which  must  have  been  the  application  to  the 
rocks  of  the  region  of  intense  pressure.  Usually  greater  or  less 
elevation  of  temperature  has  co-operated  with  the  pressure  in  pro- 
ducing alterations  in  the  structure  of  the  rocks  affected  by  these 
movements.  Speaking  generally,  therefore,  we  may  regard  the 
"  regional "  crystallisation  of  limestones  as  due  to  the  application  of 
great  pressure  to  deeply  buried  masses  of  these  rocks,  raised  to  a 
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moderately  high  temperature  and  impregnated  with  water  holding 
more  or  less  powerful  chemical  agents  in  solution. 

The  initial  stages  of  the  changes  above  alluded  to  can  be  well 
observed  in  many  of  the  older  limestones,  where  the  rock  has  been 
subjected  to  sufficient  pressure  to  produce  crushing  and  cleavage, 
but  where  crystallisation  has  been  imperfectly  or  not  at  all  induced. 
Some  of  such  limestones  show  plain  signs  of  intense  pressure  in  the 
distortion  and  partial  destruction  of  their  contained  organic  frag- 
ments, as  seen  in  microscopic  sections,  at  the  same  time  that  the 
mass  of  the  rock  has  remained  free  from  crystallisation.    In  other 
cases,  as  in  some  of  the  Devonian  limestones  of  Devonshire,  not 
only  are  the  organic  remains  in  the  rock  more  or  less  distorted  by 
pressure,  but  they  have  usually  undergone  recrystallisation,  though 
this  has  not  been  sufficiently  intense  to  render  them  unrecognisable. 
The  complete  development  of  the  changes  here  in  question  is  seen 
in  statuary  marble  and  in  the  "  metamorphic  "  limestones  generally, 
where  a  microscopic  examination  of  the  rock  shows  it  to  be  a  mere 
aggregate  of  variously-sized  crystals  of  carbonate  of  lime  (or,  in  the 
case  of  dolomites,  of  the  double  carbonate  of  Hme  and  magnesia), 
all  traces  of  organic  structure  being  entirely  obliterated  (fig.  10).  In 
some  instances  (as,  for  example,  in  the  case  of  the  white  statuary 
marble  of  Carrara)  it  can  be  shown  that  such  a  purely  crystalline 
limestone  was,  to  begin  with,  a  quite  normal  limestone,  which  was  in 
part  caught  up  in  the  folds  of  a  mountain-chain,  and  thus  subjected 
locally  to  enormous  pressure.    In  other  cases,  we  have  evidence  that 
a  whole  region  has  been  subjected  to  powerful  earth-movements,  the 
pressure  evolved  in  which  has  been  so  intense  and  so  widely  diffused 
that  no  part  of  the  original  limestone  has  preserved  its  primary 
organic  structure.    In  such  cases — as,  for  example,  in  the  crystal- 
line limestones  of  the  Highlands — adventitious  minerals,  such  as 
serpentine,  are  commonly  developed  in  the  rock,  showing  that  active 
chemical  changes  have  accompanied  the  mechanical  pressure  to  which 
the  rock  has  been  subjected.    We  must  not,  however,  lose  sight  of 
the  possibility  that  the  "  metamorphic "  limestones  of  the  Archjean 
period  (such  as  the  Laurentian  limestones  of  Canada)  viay  owe  their 
crystalline  character  and  their  mineral  peculiarities,  not  to  alteration 
subsequent  to  deposition,  but  to  the  conditions  under  which  they 
were  originally  formed.    It  is  also  to  be  remembered  that  in  some 
cases  we  meet  with  beds  of  granular  and  crystalline  limestone  inter- 
calated in  a  series  of  more  or  less  completely  normal  limestones, 
without  there  being  any  obvious  reason  for  the  difference.    In  such 
cases,  it  is  probable  that  the  entire  series  of  deposits  has  been  sub- 
jected to  pressure,  and  that,  owing  to  slight  peculiarities  in  mineral 
or  chemical  constitution,  certain  bands  have  undergone  crystallisa- 
tion, while  others  have  escaped  with  nothing  more  than  a  certain 
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degree  of  induration.  Indeed,  even  in  a  single  hand-specimen,  it  is 
not  unusual  to  find  that  some  portions  of  the  rock  have  undergone 
complete  secondary  crystaUisation,  while  others  are  comparatively 
unchanged. 

Siliceous  Organic  Rocks. — We  have  seen  that  the  calcareous  or 
lime-containing  rocks  are  the  most  important  group  of  organic  de- 
posits, while  the  siliceous  or  flint-containing  rocks  may  be  regarded 
as  the  most  important,  most  typical,  and  most  generally  distributed 
of  the  mechanically  formed  deposits.  We  have,  however,  now  briefly 
to  consider  certain  deposits  which  are  more  or  less  completely  formed 
of  flint,  but  which  nevertheless  are  essentially  organic  in  their  origin. 

Silica  is  probably  invariably  held  in  solution  in  small  quantity  in 
natural  waters,  whether  these  be  fresh  or  salt.    Small  as  is  the  quan- 
tity of  silica  dissolved  by  rivers  or  by  the  sea,  there  is  sufficient  of 
it  to  supply  material  for  the  flinty  skeletons  of  innumerable  organ- 
isms, both  animal  and  vegetable;  and  the  accumulation  of  such 
skeletons  may,  under  favourable  conditions,  give  rise  to  very  con- 
siderable deposits  of  siliceous  matter.    The  two  principal  groups  of 
animals  which  secrete  a  siliceous  skeleton,  and  may  thus  produce 
deposits  of  sihca,  are  certain  forms  of  the  Sponges  and  the  mmute 
organisms  known  as  the  Polycystina.    In  a  very  large  number  of 
Sponges  the  skeleton  consists  of  variously  shaped  needles  or  "  spi- 
cules "  of  flint,  sometimes  detached  and  entirely  separate,  at  other 
times  more  or  less  closely  united  with  one  another.    The  accumu- 
lation of  these  spicules  at  the  bottom  of  the  sea  may  give  rise  to 
extensive  siliceous  deposits,  such  as  have  been  described  by  Dr 
Hinde  as  occurring  in  the  Lower  and  Upper  Greensand  of  Britain. 
In  some  cases  the  skeletal  structures  of  Sponges  which  have  been 
accumulated  to  form  deposits  such  as  those  above  alluded  to,  have 
undergone  comparatively  little  change,  and  their  presence  can  be 
readily  recognised.    In  other  cases,  however,  these  siliceous  struc- 
toes  have  undergone  much  alteration,  and  their  existence  cannot  be 
demonsTrated  without  difficulty.    It  is  known,  namely,  that  there  is 
f  orked  difference  as  regards  relative  solubility  in  water  between 
orSnary  cry  talline  quart.%r.  the  one  hand,  and  the  peculiar  form 
Tf  Swhich  occufs  in  tAe  skeletons  of  animals  and  plants,  on  the 
o  he  hand.    Quartz  is  relatively  a  very  stable  substance,  and  it  is 
onlv  in  highly  heated  waters,  containing  in  solution  such  ingredients 
the  alkaline  carbonates  (as,  for  example,  in  the  waters  of  certain 
as  the  .^l^f J  gV,;  found  to  be  dissolved  in  large  quan- 
?f  ''on'Se  ottrhld  thrsilL  forms  the  skeleton  of  flint- 
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skeletons  of  animals  and  plants  are  very  liable  to  be  affected  by 
secondary  changes,  chiefly  due  to  the  percolation  of  water  through- 
out their  mass.  As  the  main  result  of  these  changes,  the  siliceous 
skeletons  become  more  or  less  extensively  dissolved,  the  percolating 
water  becoming  thus  charged  with  a  larger  or  smaller  amount  of 
silica  in  solution.  This  dissolved  silica  is  ultimately  redeposited  in 
the  solid  form,  having,  however,  now  lost  its  organic  structure.  By 
this  partial  solution  of  the  skeletons  of  siliceous  organisms,  and  the 
subsequent  precipitation  of  the  dissolved  silica  thus  obtained,  we 
may  explain  the  common  presence  of  nodules  or  beds  of  "  flint "  or 
"  chert "  in  many  of  the  great  geological  formations.  This  subject 
will,  however,  be  treated  of  in  greater  detail  in  connection  with  the 
palseontological  history  of  the  Sponges. 

The  Polycystina  are  minute  organisms  belonging  to  the  Protozoa, 
and  nearly  related  to  the  Foraminifera,  from  which  they  differ, 
among  other  characters,  by  the  fact  that  they  secrete  a  "  test "  or 
skeleton  of  flint  instead  of  one  composed  of  lime.  The  Polycystina 
have  a  wide  distribution  in  our  present  seas,  and  their  skeletons  are 
very  generally  recognisable,  in  greater  or  less  numbers,  in  the  deep- 
sea  muds  of  the  great  oceans,  being  easily  recognised  by  their 
exquisite  shape,  their  glassy  transparency,  the  general  presence  of 
longer  or  shorter  spines,  and  the  sieve-like  perforations  in  their  walls. 
In  many  places,  in  fact,  especially  in  the  colder  portions  of  the  great 
oceans,  or  at  very  great  depths,  the  "  Globigerina  ooze  "  disappears, 
and  its  place  is  taken  by  a  "  Radiolarian  ooze "  composed  almost 
wholly  of  the  shells  of  Polycystina.  Similar  deposits,  made  up  of 
the  flinty  skeletons  of  these  Radiolarians,  have  been  formed  at  pre- 
vious periods  of  the  earth's  history,  and  now  form  part  of  the  earth's 
crust.  The  two  most  famous  of  these  deposits  occur  in  Barbados 
and  in  the  Nicobar  Islands,  the  former  being  well  known  to  workers 
with  the  microscope  as  the  "  Barbados  earth"  (fig.  12). 

In  addition  to  flint-producing  animals,  we  have  also  the  great 
group  of  fresh -water  and  marine  microscopic  plants  known  as 
Diatoms,  which  likewise  secrete  a  siliceous  skeleton,  often  of  great 
beauty.  The  skeletons  of  Diatoms  are  found  abundantly  at  the 
present  day  in  lake-deposits,  guano,  the  silt  of  estuaries,  and  in  the 
mud  which  covers  many  parts  of  the  sea-bottom ;  they  have  been 
detected  in  strata  of  great  age ;  and  in  spite  of  their  microscopic 
dimensions,  they  have  not  uncommonly  accumulated  to  form  de- 
posits of  great  thickness,  and  of  considerable  superficial  extent. 
Thus  the  celebrated  deposit  of  "  tripoU "  ("  Polir-schiefer ")  of 
Bohemia,  largely  worked  as  polishing-powder,  is  composed  wholly, 
or  almost  wholly,  of  the  flinty  cases  of  Diatoms,  of  which  it  is  cal- 
culated that  no  less  than  forty-one  thousand  millions  go  to  make  up 
a  single  cubic  inch  of  stone.    Another  celebrated  deposit  is  the  so- 
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called  "Infusorial  earth"  of  Richmond  in  Virginia  (fig.  13),  where 
there  is  a  stratum,  in  places  thirty  feet  thick,  composed  almost 
entirely  of  the  microscopic  shells  of  Diatoms. 

In  addition  to  deposits  formed  of  flint  itself,  there  are  other 
siliceous  deposits  formed  by  certain  silicates,  and  also  of  organic 


Fig.  12. —  Shells  of  Polycystina  from 
"Barbados  earth";  greatly  magnified. 
(Original.) 


Pig.  13.— Cases  of  Diatoms  in  the  Rich- 
mond "Infusorial  earth";  highly  magni- 
fied. (Original.) 


origin.  It  has  been  shown,  namely-by  observations  carried  out 
in  our  present  seas-that  the  shells  of  Foramunfera  are  liable  to 
become'  ompletely  infiltrated  by  silicates  (such  as  "  glaucomte, '  or 
silicate  of  iron  and  potash).  Should  the  actual  calcareous  shell 
become  dissolved  away  subsequent  to  this  mfiltration-as  is  also 
Habl  to  occur-then,  in  place  of  the  shells  -^'^f^J^^^^l'lZl 
get  a  corresponding  number  of  green  sandy  grains  of  glaucomte  each 
Sin  bdng  the  cast  of  a  single  shell.  It  has  thus  been  shown  by  Dr 
W  B  Carpenter  that  the  g?een  sand  found  covering  the  sea-bottom 
rce;tairSties  (as  foun'd  by  the  Challenger  -pedition^^^^^^^^^^^^ 
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not  necessarily  derived  from  vegetables.    Carbon  derived  from  the 
decomposition  of  animal  bodies  is  not  uncommon  ;  though  it  never 
occurs  in  such  quantity  from  this  source  as  it  may  do  when  it  is 
derived  from  plants.    Thus,  many  limestones  are  more  or  less  highly 
bituminous  ;  the  celebrated  siliceous  flags  or  so-called  "  bituminous 
schists "  of  Caithness  are  impregnated  with  oily  matter  apparently 
derived  from  the  decomposition  of  the  numerous  fishes  embedded  in 
them ;  Silurian  shales  containing  Graptolites,  but  destitute  of  plants, 
are  not  uncommonly  "  anthracitic,"  and  contain  a  small  percentage 
of  carbon  derived  from  the  decay  of  these  zoophytes ;  whilst  the 
petroleum  so  largely  worked  in  North  America  has  not  improbably 
an  animal  origin.    That  the  fatty  compounds  present  in  animal 
bodies  should  more  or  less  extensively  impregnate  fossiliferous  rock- 
masses,  is  only  what  might  be  expected ;  but  the  great  bulk  of  the 
carbon  which  exists  stored  up  in  the  earth's  crust  is  derived  from 
plants ;  and  the  form  in  which  it  principally  presents  itself  is  that  of 
coal.    We  shall  have  to  speak  again,  and  at  greater  length,  of  coal, 
and  it  is  sufficient  to  say  here  that  all  the  true  coals,  anthracites,  and 
lignites,  are  of  organic  origin,  and  consist  principally  of  the  remains 
of  plants  in  a  more  or  less  altered  condition.    The  bituminous  shales 
which  are  found  so  commonly  associated  with  beds  of  coal,  also  derive 
their  carbon  primarily  from  plants;  and  the  same  is  certainly,  or 
probably,  the  case  with  similar  shales  which  are  known  to  occur  in 
formations  younger  than  the  Carboniferous.     Lastly,  carbon  may 
occur  as  a  conspicuous  constituent  of  rock-masses  in  the  form  of 
graphite  or  black-lead.    In  this  form  it  occurs  in  the  shape  of  detached 
scales,  or  of  veins  or  strings,  or  sometimes  of  regular  layers  ;  and 
there  can  be  little  doubt  that  in  some  instances  it  has  an  organic 
origin,  though  this  is  not  capable  of  direct  proof    When  present, 
at  any  rate,  in  quantity,  and  in  the  form  of  layers  associated  with 
stratified  rocks,  as  is  sometimes  the  case  in  the  Laurentian  formation, 
there  seems  to  be  considerable  probability  in  the  hypothesis  which 
would  regard  it  as  primarily  of  organic  origin  and  as  of  the  nature  of 
an  altered  coal. 
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CHAPTER  III. 

SUCCESSION  OF  FORMATIONS— CONTEMPORANEITY 
OF  STRATA— GEOLOGICAL  CONTINUITY. 

Different  Ages  of  the  Aqueous  Rocks. 

The  two  principal  tests  by  which  the  age  of  any  particular  bed,  or 
group  of  beds,  may  be  determined,  are  superposition  and  organic 
remains— a  third  test  being  sometimes  afforded  by  mineral  char- 
acters.   The  first  and  most  obvious  test  of  the  age  of  any  aqueous 
rock  is  its  relative  position  to  other  rocks.    Any  bed  or  set  of  beds 
of  sedimentary  origin  is  obviously  and  necessarily  older  than  all  the 
strata  which  surmount  it,  and  younger  than  all  those  upon  which  it 
rests.    It  is  to  be  remembered,  however,  that  superposition  can  at 
best  give  us  but  the  relative  age  of  a  bed  as  compared  with  other 
beds  of  the  same  region.    It  cannot  give  us  the  absolute  age  of  any 
bed  •  and  if  we  are  ignorant  of  the  age  of  any  of  the  beds  with  which 
we  may  be  dealing,  we  have  to  appeal  to  other  tests  to  learn  more 
than  the  mere  order  of  succession  in  the  particular  region  under 
examination.     Moreover,  deposits  formed  in  isolated  basins,  and 
not  in  an  area  of  continuous  sedimentation,  have  necessarily  no 
stratigraphical  relations  to  deposits  laid  down  in  other  areas,  and 
their  age  can  only  be  determined  by  pateontological  tests.  Ihis 
difficulty,  as  pointed  out  by  Professor  C.  A.  White,  is  enhanced 
when  such  isolated  sediments  have  been  produced  within  inland 
fresh  waters  :  since  such  sediments,  from  their  mode  of  formation, 
can  have  no  place  in  any  observed  order  of  superposition  oi  marine 
deposits,  and  would,  in  addition,  necessarily  contain  wholly  different 
fossils  as  compared  with  beds  laid  down  in  the  sea. 

The  second,  and  in  the  long-run  more  valuable,  test  ot  the  age 
of  the  different  sedimentary  beds,  is  that  afforded  by  their  organic 
remains  Still,  this  test  is  also  by  no  means  universally  applicable, 
nor  in  'all  cases  absolutely  conclusive.  Many  aqueous  rocks  are 
unfossiliferous  through  a  thickness  of  hundreds,  or  even  thousands, 
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of  feet  of  little  altered  sediments  ;  and  even  amongst  beds  which  do 
contain  fossils,  we  often  meet  with  strata  of  a  few  feet  or  yards  in 
thickness,  which  are  wholly  destitute  of  any  traces  of  life.  Many 
fossils,  again,  range  vertically  through  many  groups  of  strata,  and  in 
some  cases  even  through  several  formations.  Such  fossils,  there- 
fore, if  occurring  by  themselves,  or  considered  apart  from  other 
associated  organisms,  are  not  conclusive  as  to  the  age  of  any  par- 
ticular set  of  beds.  As  the  result,  however,  of  combined  paleeonto- 
logical  and  geological  researches,  it  is  now  possible  for  us  to  divide 
the  entire  series  of  stratified  deposits  in  any  given  region  into  a 
number  of  definite  rock-groups  or  formations,  each  of  which  is 
characterised  by  possessing  an  assemblage  of  organic  remains  which 
do  not  occur  in  association  in  any  other  formation.  Such  an 
assemblage  of  fossils,  characteristic  of  any  given  formation,  repre- 
sents the  life  of  the  particular  period  in  which  the  formation  was 
deposited.  It  follows  from  this,  that  whenever  we  can  get  a  group 
or  collection  of  fossils  from  any  particular  bed  or  set  of  beds,  there 
is  rarely  any  difficulty  in  determining,  as  regards  the  particular  region 
under  examination,  the  precise  geological  horizon  of  the  beds  in 
which  the  fossils  occur. 

With  certain  limitations,  however,  we  may  go  much  further  than 
this.  Not  only  are  the  great  formations  characterised  by  special  and 
characteristic  assemblages  of  animals  and  plants ;  but,  in  a  general 
way,  each  subdivision  of  each  formation  has  its  own  peculiar  fossils, 
by  which  it  may  be  recognised  by  a  skilled  worker  in  palseontology. 
Whenever,  for  instance,  we  meet  in  Britain  with  the  fossils  known  as 
Graptolites,  we  may  be  sure  that  we  are  dealing  with  Cambrian, 
Ordovician,  or  Silurian  rocks.  We  may,  however,  go  much  further 
than  this.  If  the  Graptolites  belong  to  certain  genera,  we  may  be 
sure  that  we  are  dealing  with  Ordovician  rocks.  Furthermore,  if 
certain  special  forms  are  present,  we  may  be  even  able  to  say  to 
what  exact  part  or  subdivision  of  the  Ordovician  series  they  belong. 

All  these  conclusions,  however,  would  have  to  be  accompanied 
by  a  tacit  but  well-understood  reservation.  No  Graptolites  have 
ever  been  found  in  Britain  out  of  rocks  known  upon  other  grounds 
to  belong  to  one  or  other  of  the  three  formations  above  mentioned ; 
but  there  is  no  reason  why  they  might  not  at  any  time  be  found  in 
younger  deposits.  In  the  same  way,  the  species  and  genera  which 
we  now  regard  as  characteristic  of  the  Ordovician,  might  at  any 
tmie  be  found  to  have  survived  into  the  Silurian  period.  We 
should  never  forget,  therefore,  in  determining  the  age  of  a  rock  by 
palseontological  evidence  only,  that  we  are  always  reasoning  upon 
generalisations  which  are  the  result  of  experience  alone,  and  which 
may  at  any  time  be  overthrown  by  fresh  discoveries. 

There  is,  moreover,  another  important  principle  to  take  into 
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account  in  considering  the  value  of  fossils  as  tests  of  the  age  of 
strata.    Within  a  given  area  of  such  dimensions  that  we  may  sup- 
pose it  to  have  formed  a  single  life-province,  we  shall  undoubtedly 
find  that  there  is  a  recognisable  succession  of  life-forms,  so  that 
particular  groups  of  rocks  may  be  safely  assigned,  on  the  strength 
of  their  contained  fossils,  to  fixed  places  in  the  geological  series,  and 
a  definite  chronological  succession  of  the  strata  may  thus  be  estab- 
lished for  the  region  examined.    When  we  come,  however,  to  com- 
pare together  the  successive  life-forms  of  widely  remote  areas,  which 
must  be  supposed  to  have  always  belonged  to  different  life-provinces, 
we  cannot  expect  to  find  anything  like  a  precise  identity.  We 
shall  probably  be  able  to  establish  a  general  correspondence  or 
analogy,  sufficient  to  establish  a  general  parallelism  of  the  successive 
groups  of  strata  in  the  two  regions  compared  ;  but  it  can  only  be  in 
exceptional  circumstances  that  the  fauna  of  a  particular  series  of  beds 
in  one  region  can  possibly  be  largely  identical  with  that  of  a  coeval 
series  in  a  widely  distant  region.    This  principle  is  sufficiently  estab- 
lished by  the  simple  consideration  that  the  assemblages  of  animals 
now  existing  simultaneously  in  different  regions  are  so  unlike  each 
other  that  we  can  by  their  means  divide  the  earth's  surface  into  a 
number  of  definitely  bounded  "  zoological  provinces,"  and  that  there 
is  every  reason  to  suppose  that  similar  life-provinces  have  existed  in 
all  the  great  geological  periods  of  which  the  palseontological  history 
has  been  preserved.    If,  on  the  other  hand,  we  were  to  find  that 
the  rocks  deposited  in  any  particular  period  of  the  earth's  history  con- 
tained absolutely  identical  fossils  in  all  parts  of  the  world,  we  should 
be  forced  to  conclude  that  during  that  period  there  were  no  "  zoologi- 
cal provinces  "  developed,  but  that  the  entire  terrestrial  surface  con- 
stituted a  single  vast  life-province  inhabited  by  the  same  kinds  of 
animals  and  plants.    Nothing  that  we  have  of  actual  evidence,  de- 
rived either  from  the  past  or  the  present,  would,  however,  support 
such  a  supposition ;  but  this  point  will  be  more  clearly  brought  out 
in  dealing  with  the  "  contemporaneity  "  of  strata  in  different  regions. 


General  Chronological  Succession  of  the 
Stratified  Rocks. 

As  the  result  of  observations  made  upon  the  superposition  of 
rocks  in  different  regions,  from  their  mineral  characters,  and  from 
their  included  fossils,  geologists  have  been  able  to  divide  the  series 
of  the  stratified  rocks  into  a  number  of  different  divisions  or  "rock- 
systems,"  each  characterised,  in  any  given  region,  by  a  general 
uniformity  of  mineral  composition  and  by  a  special  and  pecuhar 
assemblage  of  life-forms,  and  each  representing  a  "period  in  the 
earth's  history.    In  every  country  in  the  world  that  has  been  geo- 
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logically  investigated,  such  a  chronological  succession  of  the  stratified 
rocks  has  been  established,  but  the  order  of  succession  is  not  neces- 
sarily identical  even  in  regions  geographically  close  together.  On 
the  contrary,  as  above  pointed  out,  a  comparison  of  the  succession  of 
the  stratified  deposits  in  two  regions  widely  remote  from  one  another 
in  space  will  show  that,  though  a  general  parallelism  will  exist,  the 
corresponding  rock-groups  in  the  two  regions  will  not  contain 
absolutely  identical  fossils,  and  that  certain  rock-groups  which  are 
present  in  one  region  are  absent  in  the  other.  In  no  one  region, 
therefore,  do  we  meet  with  an  absolutely  complete  and  continuous 
succession  of  stratified  rock-groups,  nor  could  such  ever  have  been 
laid  down  except  in  a  region  which  had  been  continuously  beneath 
the  sea  and  constantly  the  seat  of  sedimentation  since  the  beginning 
of  geological  time.  At  all  times  of  which  we  have  geological  rec- 
ord, the  earth's  surface  has,  however,  consisted  partly  of  dry  land 
and  partly  of  sea,  and  the  terrestrial  and  marine  areas  have  simply 
undergone  displacement  and  have  been  changed  in  position  from 
time  to  time.  During  each  successive  epoch,  therefore,  certain  areas 
have  been  the  seat  of  sedimentation,  while  others  have  been  dry  land ; 
but  the  dry  land  of  one  period  may  become  the  sea  of  the  next,  and 
vice  versa,  and  sedimentation  is  thus  transferred  in  the  course  of  ages 
from  one  place  to  another.  Hence  when  we  meet  with  a  stratified 
deposit  in  one  region  (A)  which  has  no  representative  in  an  adjoin- 
ing region  (B),  we  know  that  one  or  other  of  two  things  has  occurred. 
In  the  first  place,  B  may  have  been  dry  land  while  A  was  beneath 
the  ocean.  In  that  case,  the  missing  deposit  was  never  laid  down  in 
B  at  all.  Or,  in  the  second  place,  both  of  the  areas  may  have  been 
under  the  sea  simultaneously,  and  the  deposit  in  question  may  have 
been  originally  laid  down  in  both ;  but  A  may  have  remained  con- 
tinuously under  water,  while  B  may  have  been  elevated  to  form  dry 
land,  undergoing  in  process  of  elevation  sufficient  denudation  to 
destroy  the  deposit  in  question. 

By  a  comparison  of  many  different  areas,  geologists  have  been  en- 
abled to  frame  a  general  order  of  succession  of  the  stratified  rocks, 
which,  though  based  originally  upon  the  facts  observed  in  Europe,  is 
nevertheless,  in  its  main  outlines,  applicable  to  other  and  widely 
distant  regions.  This  general  succession  is  diagrammatically  shown 
in  the  annexed  ideal  section  of  the  crust  of  the  earth.  The  most 
ancient  of  all  the  stratified  rocks  are  more  or  less  intensely  crystalline 
in  character,  and  no  undoubted  fossils  have  hitherto  been  detected 
in  them.  They  are  grouped  together  under  the  general  name  of  the 
Archcean  rocks,  and  comprise  several  rock-systems,  of  which  the  best 
established  is  the  Laurentian  series  of  North  America  and  of  Europe. 
All  the  rock-groups  above  the  Arch?ean  are  more  or  less  richly 
fossiliferous,  and  are  divided  into  three  main  "  groups,"  each  com- 
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Ideal  Section  of  the  Crust  of  the  Earth. 

Fig.  14. 


>      Quaternary  and  Recent. 
Pliocene. 

Miocene. 

Eocene. 

Cretaceous. 


Oolitic  or  Jurassic. 

Triassic. 
Permian. 

Carboniferous. 

Devonian,  or  Old  Red  Sandstone. 

Ordovician  and  Silurian. 

Cambrian. 
Huronian. 

Laurentian. 


prising  several  smaller  divisions  or  "  systems."  The  oldest  group 
comprises  the  Cambrian,  Ordovician,  Silurian,  Devonian,  Carbonif- 
erous, and  Permian  "  systems,"  which  are  spoken  of  as  the  Primary 
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or  Palceozoic  rocks  (Gr.  palaios,  ancient ;  zoe,  life),  because  of  the 
wide  divergence  of  their  animals  and  plants  from  any  now  existmg 
upon  the  globe.  The  Triassic,  Jurassic,  and  Cretaceous  systems  are 
grouped  together  as  the  Secondary  or  Mesozoic  formations  (Gr.  mesos, 
intermediate ;  zoe,  life),  because  their  organic  remains  are  interme- 
diate between  those  of  the  Paleozoic  period,  and  those  of  more 
modern  strata.  The  Eocene,  Miocene,  Pliocene,  and  Pleistocene 
rocks  are  grouped  together  under  the  head  of  Tertiary  or  Kaiitozoic 
rocks  (Gr.  kahios,  new  ;  zoe,  life),  because  the  fossil  animals  and 
plants  which  they  contain  approximate  in  character  to  those  now 
existing  upon  the  globe. 

According  to  the  recommendations  of  the  International  Geological 
Congress,  the  following  names  should  be  employed  for  the  larger  and 
smaller  divisions  of  the  stratified  rocks  and  the  time-divisions  to  which 
these  correspond,  the  terms  being  arranged  in  order  of  their  compre- 
hensiveness. 

Divisions  of  sedimentary  Corresponding  chrono- 

formatio7is  ("  terra?tes  ").  logical  terins. 

Group.  Era. 
System.  Period. 
Series  (or  Section).  Epoch. 
Stage  (or  Beds).  Age. 

The  term  "  formation,"  very  commonly  employed  by  British  geologists, 
is  perhaps  best  retained  as  a  loose  general  teiTn  to  indicate  any  set  of 
beds,  large  or  small,  which  have  some  common  characteristic,  either  as 
to  mineral  nature  or  fossil  contents,  or  as  to  the  mode  in  which  the  de- 
posit has  been  formed.  If  used  in  a  dcfi?iite  sense,  it  should  be  employed 
with  reference  to  the  mode  of  formation  or  the  lithological  nature  of  the 
rocks  ;  so  that  we  may  suitably  speak  of  the  "  Chalk  Formation,"  or 
the  "  Coal  Formation,"  or  of  a  "  marine  formation,"  or  a  "  lacustrine 
formation." 

The  following  table  exhibits  the  great  geological  "  systems,"  as 
developed  in  Europe,  in  chronological  order,  beginning  with  the 
youngest,  the  more  important  and  typical  British  representatives  of 
each  being  likewise  mentioned  : — 

General  Classification  of  Post-Arch^an  Fossiliferous 

Deposits. 

Recent  Formations.— Deposits  now  in  process  of  formation 
in  seas,  rivers,  and  lakes,  and  on  land,  such  as  the  sands  and 
muds  of  shallow  seas,  modern  calcareous  deposits  like  shell- 
beds,  coral-reefs,  &c.,  deep-sea  muds,  shell -marls,  river- 
gravels,  peat-mosses,  &c. 
Quaternary  or  Pleistocene  Formations.— Post-glacial, 
Glacial,  and  Pre-glacial  deposits,  in  which  the  Molluscs  be- 
long to  existing  species,  but  some  of  the  Mammals  are  refer- 
able to  extinct  fonns.  Often  grouped  with  the  preceding 
under  the  general  name  of  the  "  Post-tertiary  deposits." 
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Pliocene  System.— (British  representatives,  the  Norwich 
Crag,  and  the  Red  and  White  Crags  of  Suffolk.) 

Miocene  System.  —  (The  Upper  Miocene  or  "Falunian" 
series  and  the  Middle  Miocene  or  "Mayencian"  series  are 
wanting  or  doubtfully  represented  in  Britain.  The  Lower 
Miocene  series  is  often  grouped  with  the  Upper  Eocene 
series  as  a  separate  system,  under  the  name  of  Oligocene, 
represented  in  Britain  by  the  Hempstead,  Bembridge, 
Osborne,  and  Headon  beds.) 

Eocene  System. — (British  representatives,  the  Barton  Clay, 
Bagshot  and  Bracklesham  beds,  London  Clay,  Thanet 
Sands,  &c.) 

Cretaceous  System. — (British  representatives,  the  Chalk, 
the  Upper  Greensand,  the  Gault,  the  Lower  Greensand,  and 
the  Wealden  Clays  and  Hastings  Sand.  The  Lower  Green- 
sand and  Wealden  series  are  commonly  grouped  together 
as  the  "  Neocomian"  series.) 

Jurassic  System.  —  (British  representatives,  the  Purbeck 
beds,  Portland  beds,  Kimeridge  Clay,  Coral  Rag,  Oxford 
Clay,  Cornbrash  and  Forest  Marble,  Great  Oolite,  Stones- 
field  Slate,  Fuller's  Earth,  Inferior  OoHte,  and  Lias.) 

Triassic  System. — (The  uppermost  Triassic  or  "  Rhsetic  " 
beds  are  feebly  represented  in  Britain  by  the  Penarth  beds 
and  White  Lias,  and  the  "  Keuper "  and  "  Bunter  Sand- 
stein  "  of  the  continent  of  Europe  have  corresponding 
British  representatives.  The  great  marine  division  of  the 
"  Muschelkalk,"  which  is  largely  represented  in  the  Trias 
of  Germany,  is  not  developed  in  Britain.) 

Dyas  or  Permian  System.— (The  deposits  included  under 
this  name  are  more  extensively  developed  in  the  European 
area  than  they  are  known  to  be  in  any  other  region,  and  it 
is  doubtful  if  they  can  be  regarded  as  a  distinct  "  system." 
The  chief  British  representatives  of  the  Permian  rocks  are 
the  Marl-slate  and  Magnesian  Limestone,  or  "Zechstein," 
and  the  Penrith  Sandstones  or  "  Rothtoddiegendes.") 

Carboniferous  System. — (British  representatives,  the  Coal- 
measures,  the  Millstone  Grit  series  ;  the  Yoredale  series, 
the  Scar -limestone  series,  and  the  Tuedian  or  Cement- 
limestone  series.) 

Devonian  System. —  (The  Devonian  rocks  of  Devonshire 
are  marine,  and  contain  representatives  of  the  Lower,  Mid- 
dle, and  Upper  Devonian  of  the  continent  of  Europe.  The 
Old  Red  Sandstone  of  Scotland  and  of  South-Western  Eng- 
land and  Wales  was  perhaps  deposited  in  inland  waters.) 

Silurian  System.  —  (British  representatives,  the  Ludlow 
series,  Wenlock  series,  and  May  Hill  series.) 

Ordovician  System.  — (British  representatives,  the  Bala 
series,  the  Llandeilo  series,  and  the  Arenig  series.) 

CUMBRIAN  System.— (British  representatives,  the  Tremadoc 
series,  the  Lingula  Flag  series,  the  Menevian  series,  and  the 
Harlech  series.) 
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Pal^ontological  Evidence  in  Stratigraphical  Geology. 

As  regards  the  division  of  the  entire  series  of  stratified  deposits 
into  the  above  enumerated  primary  "  systems,"  the  value  of  pateon- 
tological  evidence  has  never  been  disputed.  In  any  given  country, 
it  would  be  possible,  undoubtedly,  to  determine  the  order  and  rela- 
tive succession  of  the  great  formations,  to  some  extent  at  any  rate, 
by  a  mere  appeal  to  the  mineral  character  and  order  of  superposition 
of  the  rocks  themselves ;  but  it  is  perfectly  clear  that  this  method  of 
procedure  would  necessarily  break  down  totally  the  moment  we  came 
to  try  and  determine  which  were  the  corresponding  formations  in 
some  far-distant  region.  By  the  stratigraphical  evidence  alone  we 
could  determine  the  relative  position  and  age,  for  example,  of  the 
Silurian,  Devonian,  and  Carboniferous  systems  in  Britain ;  but  it 
would  be  an  entire  impossibility  to  identify  these  same  systems, 
say  in  North  America,  except  by  means  of  the  fossils  which  they 
contain.  So  far,  then,  as  this  goes,  no  question  has  ever  been 
raised  as  to  the  value  and  powers  of  Palaeontology ;  but  when  we 
come  to  consider  the  minor  rock-groups  included  in  these  systems, 
we  find  much  difference  of  opinion  as  to  the  extent  to  which  the 
evidence  of  the  fossils  is  available  in  determining  stratigraphical  hori- 
zons. Part  of  this  difference  of  opinion  is  due  to  imperfect  acquaint- 
ance on  the  part  of  stratigraphical  geologists  with  the  methods  of 
palseontological  inquiry,  and  needs  no  discussion  here ;  but  part  is 
well  founded,  and  either  arises  from  actual  defects  in  the  modes  of 
research  employed  by  palaeontologists,  or  is  due  to  the  fact  that  the 
conditions  under  which  different  systems,  or  different  portions  of  the 
same  system,  have  been  deposited  have  not  been  identical,  and  that 
conclusions  which  might  be  well  founded  in  one  case  might  be  found 
to  break  down  in  another  apparently  similar  case.  To  both  of  these 
points  a  brief  consideration  may  be  given. 

As  regards  imperfections  in  the  methods  of  palseontological  re- 
search, by  far  the  most  important  arises  from  the  fact  that  too 
much  weight  has  been  attached  by  observers,  especially  in  the  earlier 
periods  of  the  science,  to  the  age  of  the  rocks  in  which  any  given 
fossil  occurred.  So  long  as  the  opinion  was  current  that  fossils  occur- 
ring in  different  formations  were  necessarily  different,  it  followed  of 
necessity  that  the  smallest  and  most  trivial  varietal,  or  even  indi- 
vidual, peculiarities  of  form  or  structure  were  considered  as  sufficient 
to  establish  specific  distinction.  At  present,  however,  palaeontolo- 
gists are  tolerably  agreed  that  the  mere  fact  of  a  difference  of  physi- 
cal position,  and  consequently  of  age,  ought  not  to  be  taken  into 
account  in  considering  the  true  affinities  and  systematic  position  of 
a  fossil.  At  the  same  time  it  is,  for  many  reasons,  most  important 
that  palaeontologists  should  have  a  general  personal  acquaintance 
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with  the  rocks  in  which  occur  any  fossils  that  they  may  have  to 
examine  and  describe ;  and  many  errors  have  arisen  from  the 
neglect  of  this  sound  rule. 

Again,  it  is  now  clearly  recognised  that  in  any  comparison  between 
two  sets  of  beds  by  means  of  their  fossils,  with  a  view  of  ascertain- 
ing their  relative  age,  it  is  essential  to  take  into  account  the  condi- 
tions U7ider  ivhich  the  deposits  in  question  were  formed.  Thus,  two 
marine  deposits,  both  accumulated  in  shallow  water,  can  be  fairly 
and  fully  compared  with  one  another,  but  they  can  only  be  imperfectly 
compared  with  a  deposit  formed  in  a  deep  sea,  and  they  cannot 
be  compared  at  all  with  deposits  which  have  been  formed  in  inland 
fresh  waters  or  on  land.  Hence  we  iind  that  palaeontologists  have 
differed,  and  still  differ,  widely  with  regard  to  the  relative  value  as 
tests  of  the  age  of  strata,  to  be  assigned  to  different  classes  of  fossils. 
In  certain  cases — some  of  which  will  be  more  fully  referred  to  sub- 
sequently— a  different  age  would  be  assigned  to  a  group  of  beds  on 
the  strength  of  its  vegetable  remains  to  that  which  would  be  deduced 
from  a  study  of  the  animal  fossils  of  the  same  or  of  associated  beds. 
Or,  the  marine  Invertebrate  fossils  in  some  cases  may  point  to  one 
age  for  the  beds,  while  the  remains  of  Vertebrates  indicate  another. 
Such  cases  must  be  dealt  with  on  the  following  general  principle  : — 

Deposits  containing  numerous  land-plants  or  the  bones  of  terres- 
trial Vertebrates  are  mostly  estuarine,  lacustrine,  or  fluviatile  in 
origin,  though  in  some  cases  they  have  been  formed  on  land.  On 
the  other  hand,  deposits  containing  marine  Invertebrates  have  been 
laid  down  in  the  sea  itself,  for  the  most  part  at  moderate  depths. 
There  is,  however,  absolutely  no  reason  for  thinking  that  the  succes- 
sion of  life  as  regards  the  land-plants  and  land-animals  of  any  given 
region  has  been  in  any  way  parallel  with  the  evolution  of  the  marine 
animals  of  the  seas  of  the  same  region.    The  evolution  of  the  ter- 
restrial organisms  may  have  been  much  more  rapid  or  much  slower 
than  that  of  the  marine  forms.    Hence,  it  is  quite  possible  that  the 
land-plants  and  land-animals  which  are  regarded  as  characteristic  of 
a  particular  geological  period,  may  be  found  coexisting  with  marine 
animals  which  are  considered  to  characterise  a  different  geological 
period.    If,  however,  we  take  the  stratified  formations  as  a  whole, 
we  find  that  it  is  in  the  main  by  means  of  their  marine  faunae  that 
their  relative  age  has  been  determined,  the  reason  of  this  being  the 
obvious  one  that  the  great  majority  of  stratified  deposits  have  been 
laid  down  in  the  sea,  and  the  record  of  the  succession  of  terrestrial 
organisms  in  time  is  a  very  incomplete  one.    The  general  chrono- 
logical standard,  as  based  upon  palseontological  evidence,  is,  there- 
fore, founded  mainly  on  the  results  afforded  by  the  marine  Inverte- 
brates.   In  those  cases,  therefore,  in  which  the  marine  deposits  of  a 
given  series  of  beds  would  indicate  through  their  Invertebrate  fossils 
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a  particular  stage  in  chronological  succession,  while  the  fresh-water  or 
terrestrial  deposits  of  the  same  series  through  their  vegetable  remains 
would  indicate  another,  it  is  to  the  former  that  we  should  give  the 
precedence  as  determining  the  age  of  the  entire  series.  Such  cases 
are  sometimes  spoken  of  as  instances  of  "  homotaxis,"  but  this  is  not 
strictly  so.  In  the  particular  cases  here  in  question,  two  sets  of  beds, 
which  may  have  been  formed  contemporaneously,  are  found  to  con- 
tain fossils  of  apparently  different  geological  ages,  in  consequence  of 
the  fact  that  the  beds  have  been  formed  under  different  conditions,  the 
one  containing  the  remains  of  land-plants,  and  the  other  the  remains 
of  marine  Invertebrates.  The  apparent  difference  of  age  is  due  to 
the  fact  that  the  evolution  of  the  land-flora  in  the  particular  region 
where  the  beds  are  found  has  not  been  parallel  with  that  of  the 
marine  fauna  of  the  same  region.  On  the  other  hand,  "  homo- 
taxial "  deposits,  properly  so  called,  are  deposits  which  have  been 
formed  during  the  same  geological  period,  and  have  been  laid  down 
under  similar  conditions,  thus  coming  to  contain  similar  classes  of 
fossils,  but  which  have  been  formed  in  regions  very  far  apart.  The 
similarity,  or  identity,  of  the  fossils  in  the  two  sets  of  beds  proves 
them  to  belong  to  the  same  general  period ;  but  their  geographical 
remoteness  is  a  proof  that  they  were  formed  at  different  stages  of 
this  period,  and  that  they  were  not  precisely  identical.  Together 
with  the  similarity  of  certain  types  of  life  in  "  homotaxial "  beds, 
there  is  found  a  dissimilarity  as  regards  other  types,  this  being  a 
consequence  of  the  fact  that  the  two  sets  of  beds  have  been  formed 
in  widely  distant  areas,  and  therefore  in  distinct  zoological  provinces. 
In  other  words,  the  dissimilarity  in  the  fossils  in  "  homotaxial  "  beds, 
in  the  strict  sense  of  the  term,  is  dependent  on  the  distance  in  space 
of  the  beds,  and  is  not  due  to  difference  of  origin. 

An  excellent  concrete  example  of  the  above  general  principle  is  afforded 
by  the  so-called  "Dakota  Beds"  of  North  America.  These  are  largely 
developed  in  the  basin  of  the  Upper  Missouri,  are  mainly  of  brackish- 
water  or  fresh-water  origin,  and  contain  a  series  of  plant-remains  the 
general  aspect  of  which  is  clearly  Tertiary.  If  judged,  therefore,  by 
purely  palasobotanical  evidence,  the  "  Dakota  Beds  "  would  be  assigned 
to  the  Eocene  system.  The  "  Dakota  Beds "  are,  however,  overlain  by 
some  thousands  of  feet  of  stratigraphically  younger  deposits  charged 
with  marine  fossils  of  Cretaceous  type.  Judged,  therefore,  by  a  palEeo- 
zoological  standard,  the  "  Dakota  Beds "  must  be  assigned  to  the  Cre- 
taceous period.  The  explanation  of  this  discrepancy  in  the  age  of  the 
beds  as  deduced  from  the  plants  and  animals  respectively  is  apparently 
twofold.  On  the  one  hand,  the  "Dakota  Beds"  are  mainly  of  fresh- 
water origin,  whereas  the  strata  by  which  they  are  surmounted  were  laid 
down  in  the  sea.  On  the  other  hand,  we  must  suppose  that  the  Tertiary 
flora  had  been  introduced  into  the  American  area  at  a  time  when  the 
seas  of  the  same  area  were  still  tenanted  by  the  characteristic  animals  of 
the  Cretaceous  period,  and  that  the  latter  were  not  replaced  by  the  ani- 
mals distinctive  of  the  Tertiary  period  until  long  after  the  land-vegeta- 
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tion  had  assumed  the  Kainozoic  fades.  That  the  "Dakota  Beds"  are 
truly  of  Cretaceous  age  is  further  shown  by  the  fact  that  part  of  the  series 
is  marine  in  origin,  and  that  in  it  are  met  with  the  remains  of  such 
characteristic  Cretaceous  types  of  Invertebrates  as  Ammonites  and 
Belemnites. 

A  somewhat  more  complicated  case  is  that  of  the  so-called  "  Laramie 
Beds,"  or  "  Lignitic  Series,"  of  North  America.  These  constitute  a  series 
of  beds,  of  some  thousands  of  feet  in  thickness,  which  repose  upon  strata 
with  marine  fossils  of  unquestionable  Cretaceous  type,  and  are  unconform- 
ably  surmounted  by  strata  containing  equally  unquestionable  marine 
Tertiary  (Eocene)  fossils.  The  "  Laramie  Beds  "  are  admittedly  of  purely 
inland  origin,  and  were  probably  laid  down  in  a  vast  brackish-water  lake. 
The  Invertebrate  fossils  which  they  contain  consist  almost  wholly  of 
brackish-water,  fresh-water,  and  terrestrial  Molluscs,  and  the  characters 
of  these  are  such  that  they  do  not  afford  a  decisive  test  of  the  age  of  the 
series.  The  remaining  fossils  are  mostly  those  of  land-plants  or  of  ter- 
restrial Vertebrates,  and  the  evidence  as  to  age  yielded  by  these  respec- 
tively is  discrepant,  the  vegetable  remains  being  of  distinctly  Tertiary  type, 
while  the  Vertebrates  belong  to  the  characteristic  Mesozoic  group  of  the 
Dinosaurian  Reptiles.  When  we  consider,  however,  that  the  evidence 
afforded  by  the  "  Dakota  Beds  "  and  the  strata  overiying  these  renders 
it  certain  that  the  Tertiary  vegetation  had  been  introduced  into  America 
at  a  time  when  the  marine  Invertebrates  of  the  Cretaceous  period  still 
existed  in  full  force,  we  cannot  attach  much  value  to  the  plant-remains 
of  the  "  Laramie  Group"  as  indicating  a  reference  of  these  strata  to  the 
Tertiary  period.  Adding  to  this  consideration  the  presence  of  such 
characteristic  Cretaceous  Vertebrates  as  the  Dinosaurs,  and  the  further 
fact  that  the  Laramie  beds  are  surmounted  tmconformably  by  beds  of 
unequivocal  Eocene  age,  it  seems  difficult  to  resist  the  conclusion  that 
these  disputed  strata  are  either  truly  of  Cretaceous  age,  or  that  they 
form  a  transitional  group  between  the  Cretaceous  and  the  Tertiaiy 

systems.  ^  ,  j.  ., 

A  good  example  in  the  European  area  of  the  contradictory  evidence 
sometimes  yielded  by  different  classes  of  fossils  as  tests  of  age  is  afforded 
by  the  "  Pikemii  Beds  "  of  Attica.  These  beds  contain  an  abundance  of 
the  remains  of  terrestrial  Mammals,  which  have  generally  been  regarded 
as  of  a  distinctively  Miocene  type;  and  on  the  strength  of  tins  the 
"  Pikermi  Beds"  have  been  referred  to  the  Upper  Miocene  period.  Ihe 
mammaliferous  clays  of  Pikermi  repose,  however,  upon  strata  containing^ 
marine  Molluscs  of  unquestionable  Pliocene  type.  The  explanation  of 
this  appears  to  be,  that  the  terrestrial  Mammals  of  the  Miocene  period 
had  persisted  unchanged  in  the  south-east  of  Europe,  while  the  Miocene 
Mollusca  of  the  Mediterranean  had  been  replaced  by  the  later  Pliocene 
forms  Since  it  is  by  the  marine  Invertebrates  that  the  age  of  strata  can 
be  most  unifomily  and  most  reliably  judged,  we  are  thus  bound  to  refer 
the  "  Pikermi  Beds  "  to  the  Pliocene  penod. 


Contemporaneity  and  Homotaxis. 

The  discovery  of  the  use  of  fossils  as  tests  of  the  age  of  the  sedi- 
mentary rocks,  and  the  recognition  of  the  fact  that  by  their  means 
a  chronological  succession  of  the  stratified  deposits  of  any  particular 
region  could  be  established,  constituted  great  advances  in  geological 
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science,  as  also  in  Palteontology  itself,  but  they  led  at  first  to  erron- 
eous generalisations.  When  it  had  been  clearly  established  that 
particular  groups  of  strata  in  Europe  were  characterised  by  particular 
assemblages  of  animals  and  plants,  it  was,  not  unnaturally,  concluded 
that  similar  or  identical  assemblages  of  organisms  would  be  found  to 
characterise  corresponding  groups  of  strata  all  over  the  world.  This 
led  to  the  idea  that  the  successive  faunas  and  florae  observable  in  the 
area  first  examined  had  been  universally  distributed  over  the  whole 
globe;  from  which  followed  the  old  catastrophistic  view  that  the 
close  of  each  geological  period  had  been  signalised  by  a  more  or  less 
complete  extinction  of  the  animals  and  plants  then  in  existence,  and 
that  a  new  fauna  and  flora  had  been  introduced  at  the  commence- 
ment of  each  succeeding  period. 

It  is,  however,  now  universally  admitted  that  in  nature  the  chron- 
ological succession  of  the  rocks,  as  determined  by  fossil  remains,  is 
local  and  not  universal — in  the  sense  that  the  precise  order  of  phen- 
omena must  necessarily  have  diff'ered  in  different  regions.  That  this 
must  be  so  is  proved  by  the  existence  at  the  present  day  of  "  zoolog- 
ical provinces  "  \  by  the  fact  that  dry  land  and  sea  must  always  have 
existed  since  the  beginning  of  Palaeozoic  time  at  any  rate,  and  that 
sedimentation  can,  therefore,  never  have  been  universal ;  and  by  the 
certainty  that  the  sedimentary  deposits  now  in  process  of  formation, 
and  therefore  necessarily  coeval,  contain  the  remains  of  dissimilar 
groups  of  animals  and  plants. 

In  view  of  these  considerations,  it  is  necessary  to  consider  what 
precise  significance  is  to  be  attached  to  the  term  "  contemporaneous  " 
as  applied  to  diff"erent  groups  of  strata.  When  groups  of  beds  in 
different  parts  of  the  earth's  surface,  however  widely  separated  from 
one  another,  contain  the  same  fossils,  or  rather  an  assemblage  of 
fossils  in  which  many  identical  or  closely  allied  species  occur,  they 
are  generally  said  to  be  "  contemporaneous  " — that  is  to  say,  they 
are  ordinarily  supposed  to  belong  to  the  same  geological  period,  and 
to  have  been  formed  at  the  same  time  in  the  history  of  the  earth. 
They  would  therefore  be  ordinarily  regarded  as  "  geological  equiva- 
lents," and  would  be  classed  as  Silurian,  Devonian,  Carboniferous, 
and  so  on.  The  use  of  the  term  "  contemporaneous  "  in  the  above 
comprehensive  sense  cannot,  however,  be  accepted  without  serious 
qualification.  Within  the  limits  of  a  single  geographical  area  of 
moderate  size,  beds  containing  identical,  or  nearly  identical,  fossils, 
may  doubtless  be  safely  regarded  as  strictly  "  contemporaneous,"  since 
there  is  no  reason  why  such  should  not  have  been  deposited  within 
one  ocean,  and  during  a  single  geological  period.  When,  on  the 
other  hand,  we  find  precisely  identical  or  even  representative  species 
of  fossils  in  beds  which  are  very  widely  removed  from  one  another 
geographically,  there  is  a  presumption  that  such  beds  are  not  exactly 
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contemporaneous,  but  that  they  succeeded  each  other  in  point  of 
time,  though  not  necessarily  by  any  very  long  interval  geologically 
speaking.  The  general  ground  for  this  presumption  is  the  readily 
intelligible  one  that  such  beds,  if  sufficiently  far  apart,  must  have 
been  deposited  in  different  oceans,  but  that  we  cannot  suppose  that 
any  given  species  could  have  been  developed  to  begin  with  in  more 
than  one  ocean.  When,  therefore,  we  find  identical  species  in  strata 
in  two  widely  remote  areas,  we  are  forced  to  conclude  that  these 
species  must  have  appeared  sooner  in  one  area  than  in  the  other, 
and  that  the  one  set  of  strata  must  be  later  than  the  other,  if  by  no 
more  than  the  time  required  for  the  migration  of  these  species  from 
their  original  area  to  the  other. 

Most  of  the  facts  bearing  upon  this  question  may  be  elicited  by  a 
consideration  of  such  a  well-known  and  widely  extended  group  of 
deposits  as  the  marine  division  of  the  Carboniferous  system,  of  which 
the  chief  member  is  the  Carboniferous  Limestone.    This  group  of 
deposits  is  more  or  less  extensively  developed  in  regions  as  remote 
from  one  another  as  Europe,  Central  Asia,  China,  Japan,  Australia, 
South  America,  and  North  America ;  and  it  is  characterised  by  an 
assemblage  of  distinctive  fossils,  among  which  certain  species  of 
Brachiopods  are  specially  noteworthy.  Not  only  are  the  Carboniferous 
Brachiopods  in  these  widely  distant  areas  referable  to  the  same  getiera 
{Productci,  Athyris,  Streptorhynchus,  &c.),  but  identical  species  are  in 
some  cases  found  to  range  over  the  greater  part  of  the  vast  area 
occupied  by  these  deposits.^    Now,  if  we  believe  that  the  Lower 
Carboniferous  rocks  in  all  these  widely  distant  regions  were  "  con- 
temporaneous," in  the  sense  that  they  were  deposited  at  precisely 
the  same  time,  we  should  be  compelled  to  admit  the  existence  durmg 
Carboniferous  time  of  an  ocean  embracing  all  these  points,  and,  in 
spite  of  its  enormous  extent,  so  uniform  in  temperature,  depth,  and 
the  other  conditions  of  marine  life,  that  organisms  either  the  same, 
or  very  nearly  the  same,  inhabited  it  from  end  to  end.    We  can, 
however,  point  to  no  such  uniformity  of  conditions  and  consequent 
uniformity  of  life  over  any  such  vast  area  at  the  present  day;  and  we 
have,  therefore,  no  right  to  assume  that  this  is  the  true  explanation 
of  the  facts.    Moreover,  all  that  we  know  of  the  geographical  distri- 
bution of  recent  organisms  would  prove  that  these  identical  species 
cannot  have  been  produced  simultaneously  in  all  the  areas  where 
their  remains  are  now  found,  but  that  they  must  have  been  dispersed 

I  Among  the  commoner  and  more  characteristic  tyP^^°f  ^^'-^^^^^'^P^tf^lJ^i" 
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from  one  or  other  of  these  areas,  or  from  some  point  still  unknown ; 
and  this  dispersal  must  necessarily  have  consumed  a  long  period  of 
time.  Any  other  view  would  lead  us  almost  inevitably  to  the  now 
abandoned  theory  that  each  period  in  geological  history  was  char- 
acterised by  a  special  group  of  organisms  spreading  over  the  whole 
globe,  and  that  there  took  place  at  the  close  of  each  period  a  general 
destruction  of  all  existing  forms  of  life,  and  a  fresh  creation  of  the 
new  forms  characteristic  of  the  next  period. 

In  our  inability,  then,  to  accept  this  view,  we  must  seek  for  some 
other  explanation  of  the  observed  facts.  The  most  probable  view, 
and  the  one  which  is  supported  most  strongly  both  by  what  we  see 
at  the  present  day  and  by  what  we  learn  from  numerous  examples  in 
past  time,  is  this  :  The  Carboniferous  Limestone — to  take  this  mem- 
ber of  the  Lower  Carboniferous  deposits  in  particular  —  was  not 
deposited  all  over  the  world  in  one  given  period,  by  one  sea,  or  at 
exactly  the  same  time ;  so  that  it  cannot  be  said  to  be  strictly  "  con- 
temporaneous "  wherever  it  is  found.  This  would  imply  a  uniformity 
of  conditions  over  vast  distances,  such  as  exists  nowhere  at  the  present 
day,  and  such  as  we  have  no  right  to  assume  ever  existed.  On  the 
contrary,  the  deposition  of  the  Carboniferous  Limestone  must  have 
first  taken  place  in  one  comparatively  limited  area — say  in  Europe — 
where  fitting  conditions  were  present  both  for  the  animals  which 
characterise  it,  and  for  the  formation  of  beds  of  its  peculiar  mineral 
and  physical  characters.  How  wide  this  area  may  have  been,  signifies 
very  little.  It  may  have  been  as  large  as  the  area  now  covered  by 
the  Pacific,  or  larger,  and  yet  it  could  not  include  all  those  localities 
in  which  strata  of  Lower  Carboniferous  age  with  identical  or  repre- 
sentative fossils  are  already  known  to  exist.  Under  any  circum- 
stances, some  dispersion  of  the  species  of  the  original  Carboniferous 
area  must  have  been  going  on  by  the  ordinary  processes  of  migration 
from  the  commencement  of  the  Carboniferous  period,  but  this  dis- 
persion must  have  been  greatly  accelerated  towards  the  close  of  the 
period  of  the  deposition  of  the  Carboniferous  Limestone.  At  this 
time  the  conditions  present  in  the  original  area  must  be  supposed  tO' 
have  become  unsuitable  for  the  further  existence  in  that  area  of  the 
assemblage  of  animals  which  had  been  its  inhabitants,  or,  at  any 
rate,  for  a  great  many  of  them.  The  change  from  suitable  to  unsuit- 
able conditions  must,  it  is  hardly  necessary  to  say,  have  been  an 
extremely  slow  and  gradual  one,  and  would  doubtless  be  connected 
with  the  progressive  shallowing  of  the  sea,  the  diversion  of  old  cur- 
rents of  heated  water,  or  the  incoming  of  new  currents  of  cold  water, 
or  other  physical  changes  tending  to  alter  the  climatic  conditions  of 
the  area.  What,  then,  would  be  the  effect  of  such  a  change  of  con- 
ditions as  we  have  supposed,  upon  the  animals  inhabiting  the  area  ?• 
—Some  of  them  would,  doubtless,  be  sufificiently  hardy  and  accom- 
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modating  to  bear  up  under  the  new  state  of  things  ;  and  these  would 
persist  into  the  ensuing  period,  without  any  perceptible  change,  it 
might  be,  or  more  probably  in  the  form  of  varieties  or  species  allied 
to  the  old  ones.  In  this  case,  therefore,  we  should  get  a  certain 
number  of  species  which  would  pass  from  the  Carboniferous  Lime- 
stone up  into  the  Yoredale  series,  the  Millstone  Grit,  or  the  Coal- 
measures  ;  or,  if  we  did  not  find  any  species  exactly  the  same  in  all 
these  groups,  we  should  still  find  in  the  later  groups  some  forms 
which  would  be  varieties  of  those  of  the  older,  or  which  would  be 
allied  or  representative  species. 

There  would,  in  the  second  place,  be  a  certain  number  of 
species  which  would  be  utterly  unable  to  withstand  the  altered  con- 
ditions of  the  area ;  and  these  would  gradually  die  out  and  become 
wholly  extinct.  We  should  thus  get  a  certain  number  of  fossils 
which  would  be  either  exclusively  confined  to  the  Carboniferous 
Limestone  in  general,  or  which,  perhaps,  might  not  be  found  out  of 
the  Carboniferous  Limestone  of  a  single  region,  or  even  of  a  smgle 
particular  locality. 

Lastly  some  species  would  yield  so  far  to  the  altered  conditions 
of  the  area  that  they  would  "  migrate,"  and  seek  elsewhere  a  more 
congenial  home.    This  term  is  apt  to  convey  false  impressions  ;  and 
it  will  be  well  here  to  consider  what  is  meant  by  the  "  migration  ot 
species  or  groups  of  animals.    It  is  quite  obvious  that  only  animals 
like  birds,  mammals,  insects,  &c.,  which  enjoy  when  grown  up  the 
power  of  active  locomotion,  can  actually  "migrate"  m  person,  sup- 
posing they  find  themselves  placed  under  unfavourable  conditions. 
There  are  many  animals,  however,  such  as  most  Molluscs  Corals, 
Polyzoans,  &c.,  which  have,  when  adult,  either  no  power  of  chang- 
ing their  place,  or  at  best  a  very  limited  one.    Still  in  these  cases 
even,  though  the  individual  has  no  means  of  removmg  his  quarters 
to  s^me  more  favoured  spot,  there  may  be  a  "migration    of  the 
species  from  an  unsuitable  to  a  suitable  locality.    This  is  effected 
through  the  medium  of  the  young,  which  have  the  power  of  choosing 
where  they  will  settle,  and  are  endowed  with  vigorous  powers  of 
ocomotion.    If,  for  example,  a  bed  of  oysters  ^^f^^Zuo^ 
under  conditions  unsuitable  for  the  devetopment  of  ^ese  Molluscs 
it  is  clear  that  the  old  oysters  cannot  change  their  location  The 
vounrovsers  however,  swim  about  freely;  and  these  will  move 
Tav  from  the  original  bed  till  they  find  a  place  which  will  suit  them 
By  a'  Repetition  o!  this  process  there  may  be  ^ 
removal  or  "  migration "  of  a  species  to  almost  any  distance,  irre 
snTctlve  of  the  fact  that  the  adult  is  permanently  rooted. 
^  To  return  then,  to  the  case  which  we  have  been  considenng : 
When  he  conditio;s  of  Hfe  in  the  seas  of  the  Carbcn.ifei^u^^  Lu  - 
tone  became  unfavourable  for  the  further  existence  of  their  fauna. 
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I  some  species  would  migrate  to  a  more  congenial  area.  In  this  way 
a  greater  or  less  number  of  the  species  characteristic  of  the  Carbon- 
iferous Limestone  would  ultimately  be  transferred  to  some  other  area. 
Here  they  would  mingle  with  the  forms  already  inhabiting  that  area, 
perhaps  more  or  less  completely  supplanting  these,  or  perhaps  merely 
succeeding  in  maintaining  a  more  or  less  precarious  existence.  In 
either  case,  their  remains  would  be  preserved  in  the  sedimentary 
deposits  of  the  new  area.  When,  ages  afterwards,  we  come  to 
examine  the  crust  of  the  earth  geologically,  we  should  find  these 
identical  and  characteristic  species  of  fossils  in  the  rocks  of  the  two 
areas,  and  we  should  say — "  these  rocks  are  contemporaneous."  It 
is  clear,  however,  that  we  should  be  wrong  in  so  saying.  The  rocks 
in  question  would  belong  to  the  same  geological  period,  but  they 
would  belong  to  different  stages  of  the  same  period,  and  they  would 
not  be  strictly  contemporaneous.  For  deposits  of  this  nature,  be- 
lieved to  hold  this  relation  to  each  other,  the  term  of  "  homotaxial " 
has  been  proposed,  in  place  of  the  term  "contemporaneous." 

AVhat  has  just  been  said  about  the  Carboniferous  rocks  would 
apply  with  equal  justice  to  all  the  great  formations,  and  to  many  of 
the  smaller  rock-groups  all  over  the  world.  The  Ordovician  and 
Silurian  rocks  of  Europe,  North  America,  South  America,  Australia, 
&c.,  contain  very  similar  fossils,  and  are  undoubtedly  "  homotaxial." 
Nothing,  however,  that  we  see  at  the  present  day  can  justify  us  in 
believing  that  these  widely  separated  deposits  are  strictly  "  contem- 
poraneous," in  the  sense  that  they  were  deposited  at  exactly  the  same 
period  of  time.  We  should  have  to  believe,  if  this  conclusion  is  to 
be  justified,  that  in  Ordovician  and  Silurian  times  the  ocean  spread 
over  a  much  larger  area  of  the  earth's  surface  than  it  does  now,  and 
that  its  temperature  and  depth  were  unnaturally  uniform ;  and  there 
are,  perhaps,  some  who  would  accept  this  view.  What  has  been 
said  about  the  Ordovician  and  Silurian  rocks  as  a  whole,  applies 
with  still  greater  force  to  certain  of  the  minor  subdivisions  of  the 
same,  which  contain  many  of  the  same  specific  forms  in  parts  of 
the  globe  very  widely  removed  from  one  another.  It  is  the  very 
identity  of  the  fossils,  however,  which  proves  that  the  beds  in  ques- 
tion, from  their  geographical  position,  cannot  have  been  deposited 
at  exactly  the  same  time,  though  they  doubtless  belong  to  the  same 
period,  and  may  even  be  said  to  be  related  to  one  another,  so  far 
as  their  identical  fossils  are  concerned,  by  lineal  descent.  Similar 
remarks  might  be  made  about  the  Devonian,  Permian,  Triassic,  Ju- 
rassic, Cretaceous,  and  other  formations  ;  but  it  is  not  necessary 
further  to  multiply  examples. 

If  we  consider  the  present  state  of  things  upon  the  globe,  we 
shall  be  further  convinced  of  the  justice  of  these  views,  which  were 
first  prominently  brought  forward  in  Britain  by  Professor  Huxley. 
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If  we  could  suddenly  remove  the  sea  from  the  earth,  we  should  find 
at  various  points  of  the  earth's  surface  deposits  of  different  kinds, 
now  concealed  from  us  by  the  ocean,  or  only  partially  known  by 
dredgings  or  soundings.    Thus  we  should  find  vast  accumulations 
of  calcareous  matter,  in  the  form  of  coral-rock  and  coral-reef,  where 
now  rolls  the  Pacific  Ocean.    In  high  northern  and  low  southern 
latitudes  we  should  find  great  deposits  of  sand  and  mud,  with 
angular  blocks  of  stone,  the  whole  derived  from  the  ice-clad  regions 
of  the  poles.    Over  vast  areas,  again,  in  the  deep  Atlantic,  we 
should  find  an  impalpable  chalky  mud,  or  "  ooze."    All  these  dif- 
ferent deposits  are  obviously  and  necessarily  "  contemporaneous," 
not  only  in  the  geological  acceptation  of  the  word,  but  in  its  most 
literal  sense.    In  spite  of  this  fact  they  would  not  contain  the  same 
fossils  ;  and,  indeed,  they  would  be  characterised  by  organic  remains 
which  would  be  wholly  different  in  each  case.    The  coral-reefs  of 
the  Pacific  would  be  essentially  characterised  by  the  abundance  of 
the  remains  of  reef-building  corals,  though  they  would  also  present 
other  tropical  forms  of  life,  especially  Brachiopods  and  Echinoderms. 
The  glacial  mud  of  the  Polar  regions  would  contain  the  remains  of 
Arctic  Molluscs,  along  with  such  other  animals  as  delight  in  severe 
cold.    Lastly,  the  ooze  of  the  deep  Atlantic  would  contain  innumer- 
able Foranmiifera,  along  with  siliceous  Sponges  and  Crinoids.  We 
learn,  therefore,  from  this,  that  contemporaneous  deposits  not  only 
do  not  necessarily  contain  the  same  fossils,  but  that,  if  widely  sep- 
arated geographically,  they  may  be  characterised  by  wholly  dissimilar 

assemblages  of  organisms.  ^    c--    r^u   i     t  11 

It  may  happen,  again,  as  pointed  out  by  Sir  Charles  Lyell,  that 
deposits  belonging  to  different  geographical  and  zoological  provinces 
may,  as  regards  space,  be  nearly  approximated,  and,  as  regards  time, 
mav  be  actually  contemporaneous,  and  yet  may  not  contain  any  fos- 
sils in  common,  or  only  a  very  few.  If,  for  example,  any  sudden 
upheaval  were  to  lay  bare  what  is  now  the  floor  of  the  Red  Sea,  to- 
gether with  that  of  the  Mediterranean,  we  should  find  the  two  areas 
\o  contain  deposits  actually  synchronous  as  regards  the  time  of  their 
deposition,  and  very  near  to  one  another  in  point  of  distance,  and 
yet^ontaimng,  upon  the  whole,  entirely  distinct  g^o^P^  ^^S^^^^ 
Lmains.  We  learn,  therefore,  from  this,  that  owing  to  the  exist- 
ence of  geographical  barriers,  it  is  possible  for  contemporaneous 
deposits  to  be  found  in  close  contiguity,  in' a  single  region,  and  yet 

"^^S^^^tJ^^^^  that  eve.  within  the  limi. 
of  a  ^ng  e  ocean  deposits  are  now  in  process  of  formation  wh  ch 
^hough  strictly  contemporaneous  in  point  of  time,  nevertheless  diffe 
from  one  anolher  altogether  both  in  mineral  characters  and  in  their 
ruded  organic  renlins.    Thus,  the  mechanical  deposits  formed 
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on  the  borders  of  an  ocean,  in  the  neighbourhood  of  land,  differ 
wholly  in  mineral  character  from  the  peculiar  "muds  formed  m 
the  profound  depths  of  the  same  ocean ;  an  equal  difference  existmg 
as  to  the  character  of  the  animals  buried  in  each.  We  thus  learn 
that  marine  deposits  may  be  strictly  contemporaneous,  and  may  be 
placed  near  to  one  another  in  point  of  distance,  and  yet  may  be 
wholly  unlike  both  lithologically  and  zoologically.  Lastly,  synchron- 
ous deposits  necessarily  contain  wholly  different  fossils,  if  one  has 
been  deposited  by  fresh  water  and  the  other  has  been  laid  down  in 
the  sea.  The  fresh-water  deposits  of  one  period  are  obviously  con- 
temporaneous with  the  marine  formations  of  the  same  period,  and 
they  may  not  be  far  removed  from  one  another  in  point  of  distance, 
but  they  must  contain  altogether  different  organic  remains.  The 
former  will  contain  remains  of  the  fresh-water  and  terrestrial  animals 
of  the  period,  and  of  these  only ;  whilst  the  latter  will  principally,  if 
not  exclusively,  be  characterised  by  the  remains  of  marine  forms  of 
life.  In  this  way,  there  is  reason  to  believe,  may  be  explained  the 
differences  between  the  fossils  of  the  Old  Red  Sandstone  and  of  the 
Devonian  rocks,  strictly  so  called.  Both  are  believed  to  have  been 
deposited  in  the  same  geological  period,  and  to  be  truly  "  contem- 
poraneous " ;  but  they  do  not  contain  the  same  fossils.  This  may 
be  readily  explained,  however,  if  we  suppose  the  former  to  represent 
the  fresh-water  deposits  of  the  Devonian  period,  or  to  have  been  laid 
down  in  an  inland  sea,  whilst  the  latter  is  the  true  marine  formation 
of  the  same  period. 

In  the  strictest  sense,  then,  of  the  term,  deposits  may  be  spoken 
of  as  "homotaxial"  when  they  contain  identical  or  closely  allied 
fossils,  but  have  nevertheless  not  been  laid  down  at  precisely  the 
same  time.  If  such  deposits  are  widely  separated  from  one  another 
in  space,  then  the  possession  of  identical  fossils  is  a  direct  argu- 
ment in  favour  of  a  want  of  absolute  contemporaneity — suppos- 
ing that  the  deposits  compared  have  been  formed  under  similar 
conditions,  in  which  case  alone  a  complete  comparison  is  possible. 
Thus,  the  Lower  Carboniferous  rocks  of  Britain,  Russia,  China, 
and  North  America  are  all  marine  in  origin ;  and  the  fact  that 
they  contain  identical  species  of  Brachiopods  is  thus  an  argument 
in  favour  of  the  view  that  they  were  not  formed  at  precisely  the 
same  time,  since  they  are  so  widely  apart  that  they  cannot  be  re- 
garded as  having  been  simultaneously  laid  down  within  the  limits  of 
a  single  ocean.  Nevertheless,  the  deposits  in  question  were  laid 
down  in  the  same  geological  period,  and  are  therefore  "  geological 
equivalents."  The  doctrine  of  "  homotaxis,"  therefore,  if  rightly 
limited  and  defined,  in  no  way  diminishes  the  value  of  fossils  as  indi- 
cative of  the  age  of  the  formations  in  which  they  occur.  If  we 
give  the  term  "  contemporaneous "  a  purely  geological  sense,  and 
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endeavour  to  forget  its  literal  signification  as  applying  to  events 
which  have  occurred  at  precisely  the  same  moment  of  time,  then  it  is 
just  as  good  an  epithet  for  the  different  deposits  belonging  to  a  given 
geological  formation  as  is  the  term  "  homotaxial."  All  the  de- 
posits which  possess  Carboniferous  fossils,  at  whatever  point  of  the 
earth's  surface  they  may  be  situated,  belong  to  the  Carboniferous 
period,  and  are  therefore  geologically  contemporaneous.  All  that  is 
really  implied  by  the  doctrine  of  "  homotaxis,"  rightly  regarded,  is 
that  we  cannot  say  that  any  great  formation  in  any  one  country  is 
the  precise  equivalent  of  the  same  formation  in  any  countr}'  very 
widely  removed  in  point  of  distance,  in  the  sense  that  its  deposition 
began  and  ended  at  exactly  the  same  times ;  and  therefore  we  can- 
not parallel  the  subdivisions  of  such  formations  with  anything 
approaching  to  absolute  precision.  Regarded  as  a  whole,  however, 
the  Carboniferous  formation  of  America  is  the  geological  equivalent 
of  the  Carboniferous  formation  of  Europe,  and  both  belong  to  what 
geologists  understand  as  the  "  Carboniferous  period."  As  the  same 
is  true  of  all  the  great  formations,  in  all  parts  of  the  world,  it  is  clear 
that  the  principal  advantage  of  the  use  of  such  a  term  as  "homo- 
taxis  "  is  simply  that  we  thereby  avoid  the  employment  of  a  word 
which  common  usage  would  wrongly  interpret ;  and  it  is  quite  cer- 
tain that  we  cannot  abolish  the  idea  oi geological  "contemporaneity," 
as  demonstrated  by  the  presence  of  identical  or  representative  species 
of  fossils ;  nor  can  we  refuse  to  admit  that  formations  containing 
such  fossils,  however  far  removed  from  one  another  in  point  of  dis- 
tance, must  have  been  laid  down  within  the  limits  of  the  same  great 
"  period  "  in  the  history  of  our  earth. 

In  the  case  of  the  Lower  Carboniferous  deposits  above  alluded  to,  not 
only  are  the  fossils  generally  similar  to  one  another  in  all  the  widely  sep- 
arated regions  in  which  these  strata  have  been  recognised,  but  certain 
characteristic  species  seem  to  have  an  almost  universal  distribution.  The 
enormous  range  of  certain  specific  types  remains  a  most  noteworthy  fact, 
whatever  explanation  may  be  given  of  it.  As  a  general  rule,  however, 
deposits  in  different  geographical  areas,  which  occupy  a  corresponding 
position  in  the  series  of  the  stratified  rocks,  and  are  therefore  geo- 
logically speaking  "contemporaneous,"  contain  but  few  or  no  actually 
identical  species.  The  faunas  of  such  deposits,  on  the  contraiy,  are  usu- 
ally composed  of  allied  or  representative  forms,  the  same  groups  of  ani- 
mals being  the  ones  prevalent  in  and  characteristic  of  the  deposits,  but  the 
species  being  different.  Thus,  there  can  be  no  doubt  that  the  Devonian 
deposits  of  North  America  and  Western  Europe  are  geological  equiv- 
alents, since  they  occupy  in  each  region  the  interval  between  the  highest 
Silurian  and  the  lowest  Carboniferous  sediments.  The  fauna  of  the 
Devonian  rocks  of  North  America,  also,  presents  a  close  general  resem- 
iDlance  to  that  of  the  Devonian  of  Devonshire,  Belgium,  and  Germany. 
In  both  cases  there  is  a  predominance  of  certain  special  groups  of  ani- 
mals amongst  which  the  great  Hydrozoal  group  of  the  Stromatoporoids 
may  'be  particularly  singled  out.    The  Stromatoporoids  of  the  Amencan 
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Devoniin  represent  those  of  the  European  Devonian,  and  certain  pecu  lar 
^eneric  ?vpesTsuch  as  Idiostroma)  are  common  to  both  regions  ;  bu 
fheie  is  n'Sertheless,  a  marked  difference  as  regards  the  forms  most 
ore  alent  i^a  each.  Thus,  the  European  Devonian  is  specially  character- 
fsed  bv  1  e  prevalence  of  species  of  AcHnostroma  and  Stromatopora, 
Sile  the  mos^t  characteristic  types  of  the  American  Devonian  belong  to 
he  'en^CA^^^^^  a  genus  which  in  Europe  attains  its  maximum 

n  the  S  lurian  period  Again,  only  few  species  oi  Stromatoporoids  a  e 
common  to  the  ?wo  region!  in  question.  Precisely  similar  facts  could  be 
So  X  forward  with  regard  to  the  Corals,  Brachiopods,  &c.,  of  the  De- 
vonifn  fomiation  in  these  areas  ;  and  the  general  law  which  these  facts 
illustrate  would  seem  to  be  one  of  very  wide  application. 

In  other  cases,  while  the  general  fauna  of  two  geologically  equivalent 
deposits  in  widely  remote  areas  is  broadly  similar,  special  organic  types 
may  occur  in  one  or  other  area  which  indicate  a  later  or  an  earlier  age 
than  that  pointed  to  by  the  general  assemblage  of  fossils.  A  marked 
example  of  this  is  found  in  the  occurrence  of  such  charactenstic  becond- 
arv  types  of  Cephalopods  as  Avwionites  and  Ceratites  in  certain  strata 
in  North-western  India,  the  general  fossils  of  which  are  of  unequivocal 
Carboniferous  type  (Waagen).  In  this  case,  special  organic  types  which 
are  in  general  characteristic  of  a  later  age,  are  associated  with  a  general 
fauna  distinctive  of  an  earlier  period.  An  instance  of  the  opposite  of  this 
—i  e  of  the  occurrence  of  a  special  organic  form  of  an  earlier  period  m 
association  with  a  general  fauna  of  a  later  type— is  found  in  the  occur- 
rence of  Ammonites  in  California  in  strata  containing  abundant  fossils 
characteristic  of  the  Eocene  Tertiary. 


Geological  Continuity. 

We  are  now  in  a  position  very  briefly  to  discuss  the  question  of 
what  may  be  called  "  geological  continuity."  It  has  already  been 
stated  that  the  entire  series  of  FossiHferous  or  Sedimentary  rocks 
may  be  naturally  divided  into  a  certain  number  of  definite  rock- 
groups  or  "formations,"  each  of  which  is  characterised  by  the 
possession  of  a  peculiar  and  characteristic  assemblage  of  fossils, 
constituting,  or  rather  representing,  the  "  life  "  of  the  "  period  "  in 
which  the  formation  was  deposited.  The  older  geologists  held,  what 
probably  every  one  would  be  tempted  to  think  at  first,  that  the  close 
of  each  formation  was  characterised  by  a  general  destruction  of  the 
forms  of  life  of  the  period,  and  that  the  commencement  of  each  new 
formation  was  accompanied  by  the  creation  of  a  number  of  new 
animals  and  plants,  destined  to  figure  as  the  characteristic  fossils  of 
the  same.  This  theory,  however,  not  only  invokes  forces  and  pro- 
cesses which  it  can  in  no  way  account  for,  but  overlooks  the  fact 
that  most  of  the  great  formations  are  separated  by  lapses  of  time, 
unrepresented  perhaps  by  any  deposition  of  rock,  or  represented 
only  in  some  particular  area,  and  yet,  perhaps,  as  great  as,  or 
greater  than,  the  whole  time  occupied  in  the  production  of  the 
formation  itself. 

Upon  any  theory  of  evolution,  however,  it  must  be  held  that 
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there  was  no  such  sudden  destruction  of  hfe  at  the  close  of  each 
great  geological  epoch,  and  no  such  creation  of  fresh  forms  at  the 
commencement  of  the  next  period.  On  the  contrary,  it  is  certain 
that  there  is  a  geological  "continuity,"  such  as  we  see  in  other 
departments  of  nature,  and  that  the  lines  which  we  draw  between 
the  great  formations  merely  mark  periods  of  time  in  which  no  rocks 
were  laid  down,  or  the  rocks  deposited  in  which  are  at  present 
unknown  to  us. 

What  are  we  to  believe  occurred  at  the  close  of  any  great  geo- 
logical period — say,  the  Cretaceous  period  ?  If  we  reject  the  view 
that  the  close  of  the  period  was  marked  by  a  sudden  and  universal 
extinction  and  destruction  of  the  characteristic  Cretaceous  forms  of 
life,  there  is  only  one  other  view  which  we  can  take.  Coniining  our 
attention  solely  to  those  seas  of  the  period  of  which  alone  we  know 
enough  for  safe  reasoning,  we  know  that  the  close  of  the  Cretaceous 
period  in  Europe  was  accompanied,  or  rather  caused,  by  an  upheaval 
of  the  Cretaceous  area,  and  an  obliteration  of  the  Cretaceous  sea. 
This  upheaval  was,  of  course,  effected  with  extreme  slowness,  or,  at 
any  rate,  not  suddenly,  and  it  must  have  completely  changed  the 
life-conditions  or  "  environment "  of  the  animals  which  swarmed  in 
the  Cretaceous  seas.  Some  of  these  would  doubtless  be  unable  to 
accommodate  themselves  to  their  altered  surroundings,  and  would 
simply  die  out.  Others,  we  may  presume,  would  migrate  to  some 
more  favourable  area,  and  some  of  these  might  accomplish  their 
migration  without  undergoing  any  change.  Most  of  the  forms  which 
migrated,  in  the  process  of  migration,  and  by  reason  of  coming  into 
contact  with  strange  neighbours  and  untried  conditions,  would, 
however,  probably  undergo  more  or  less  modification.  Ultimately, 
therefore,  many  characteristic  Cretaceous  forms  might  be  transferred 
to  some  sea  far  distant  from  their  original  home.  Not  only  so,  but 
some  of  the  transferred  species  might  have  suffered  so  much  modifi- 
cation that  they  would  no  longer  be  regarded  as  specifically  identical 
with  the  original  Cretaceous  forms,  but  would  be  looked  upon  simply 
as  allied  or  "  representative "  species,  though  really  the  lineal  de- 
scendants of  the  animals  of  the  Chalk. 

It  is  perfectly  clear  that  the  process  of  rock-deposition  which  was 
going  on  in  Europe  towards  the  close  of  the  Cretaceous  period  was 
not,  and  could  not  be,  abolished  by  the  elevation  of  the  European 
area,  and  the  obliteration  of  the  Cretaceous  sea,  but  was  simply 
transferred  to  some  other  area.  In  this  particular  case,  we  do  not 
happen  to  know  where  the  new  area  of  deposition  may  have  been. 
It  is  quite  certain,  however,  that  in  whatever  area  the  Cretaceous 
animals  took  refuge,  there  rocks  must  have  been  deposited  in  course 
of  time,  as  they  are  in  all  seas,  though  it  does  not  in  the  least  follow 
that  the  rocks  of  this  new  era  should  have  the  smallest  likeness  in 
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mineral  composition  to  the  Cretaceous  sediments.  If  we  should  at 
any  time  discover  these  rocks,  it  may  pretty  safely  be  predicted  what 
we  should  find  in  them  in  the  way  of  fossils.  We  should  find, 
namely,  some  Cretaceous  species,  probably  unchanged ;  with  these 
there  would  be  forms  allied  to  the  Cretaceous  species,  but  differing 
from  them  to  a  greater  or  less  extent ;  in  addition,  there  would  be  a 
certain  proportion  of  forms  of  life  wholly  unknown  in  the  Cretaceous 
rocks ;  and  lastly,  there  would  be  a  conspicuous  absence  of  certain 
characteristic  species  of  the  Chalk  period.  In  other  words,  such 
deposits  as  we  have  been  speaking  of  would  contain  an  assemblage 
of  fossils  more  or  less  intermediate  in  character  between  those  of 
the  true  Cretaceous  period  and  those  of  the  lowest  Tertiary  beds 
(Eocene),  which  rest  upon  the  Chalk;  or  they  would  present  an 
intermixture  of  Cretaceous  with  Eocene  types.  In  point  of  fact, 
we  have  fragments  of  such  intermediate  deposits  (in  the  Maestricht 
beds  of  Holland,  the  Pisolitic  Limestone  of  France,  the  Faxoe  Lime- 
stone of  Denmark,  and  the  Thanet  Sands  of  Britain),  and  we  find 
in  them  traces  of  such  an  intermixture.  Moreover,  when  we  come 
to  examine  the  boundary-line  between  the  Cretaceous  and  Tertiary 
in  other  regions,  we  do  actually  meet  with  strata  which  have  been 
deposited  during  the  period  marking  in  Europe  the  interval  between 
the  White  Chalk  and  the  lowest  Tertiary  deposits,  and  which  con- 
tain, therefore,  an  intermixture  of  Cretaceous  and  Eocene  types  of 
life.  The  most  celebrated  of  these  transitional  formations,  so  far 
as  known,  is  the  "  Laramie  Group  "  of  North  America,  the  precise 
position  of  which  in  relation  to  the  strata  above  and  below  has  been 
a  matter  of  much  controversy. 

We  may  pause  here  to  consider  how  it  is  that  we  may  never  hope 
to  find  a  complete  series  of  deposits  linking  on  one  great  formation 
to  another,  as,  for  example,  the  Chalk  to  the  Eocene  rocks.  In  the 
first  place,  only  a  limited  portion  of  the  earth  has  as  yet  been 
properly  examined,  and  we  have  therefore  no  right  to  expect  that 
we  have  as  yet  hit  upon  the  area,  or  areas,  to  which  the  process  of 
rock-forming  was  transferred  at  the  close  of  the  Cretaceous  period 
proper  in  Europe.  We  have,  however,  the  full  right  to  expect  that 
we  shall  ultimately  find  formations  which  will  have  to  be  intercalated 
in  point  of  time  between  the  White  Chalk  and  the  Eocene ;  and,  as 
before  said,  examples  of  such  are  already  known  to  us.  In  the 
second  place,  we  have  every  reason  to  suppose  that  many  of  these 
intermediate  deposits  have  been  destroyed  at  some  period  subse- 
quent to  their  formation  by  what  is  technically  called  "  denudation," 
or,  in  other  words,  by  the  action  of  rain,  rivers,  ice,  and  the  sea. 
In  the  third  place,  many  of  the  missing  deposits  may  have  been 
concealed  since  their  formation  by  the  deposition  upon  them  of 
other  newer  rocks ;  or  they  may  be  situated  in  areas  which  are  at 
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present  covered  by  the  ocean.  Lastly,  we  must  not  forget  that 
there  may  have  been  times  in  which  great  changes  in  hfe  were 
actively  progressing  in  areas  in  which  there  might  be  little  or  no 
contemporaneous  deposition  of  rock,  so  that  the  extreme  terms  of 
a  series  might  be  preserved  to  us  whilst  all  the  intermediate  links 
might  have  escaped  record. 

From  these  and  similar  causes,  it  is  certain  that  we  shall  rarely 
be  able  to  point  to  a  complete  series  of  deposits  linking  one  great 
geological  period,  such  as  the  Cretaceous,  to  another,  such  as  the 
Eocene.  Still,  we  may  well  have  a  strong  conviction  that  such 
deposits  must  exist,  or  must  have  existed,  as  memorials  of,  at  any 
rate,  part  of  the  time  which  elapsed  between  the  close  of  the  one 
formation  and  the  commencement  of  the  next.  Upon  any  theory 
of  "  evolution,"  at  any  rate,  it  is  certain  that  there  can  be  no  total 
break  in  the  great  series  of  the  stratified  deposits,  but  that  there 
must  have  been  a  complete  continuity  of  life,  and  a  more  or  less 
complete  continuity  of  deposition,  from  the  Cambrian  period  to  the 
present  day.  There  was,  and  could  have  been  no  such  continuity 
in  any  one  given  area  ;  but  the  chain  could  never  have  been  snapped 
at  one  point  and  taken  up  at  a  wholly  different  one.  It  remains 
certain,  however,  that  we  can  never  dispense  with  the  division  of 
the  stratified  series  into  definite  rock-groups  and  life-periods.  We 
can  never  hope  to  discover  all  the  lost  links  of  the  geological  chain, 
and  the  great  geological  systems  will  always  be  separated  from  one 
another  by  more  or  less  evident  physical  or  palseontological  breaks, 
or  by  both  combined.  The  utmost  we  can  at  present  do  is  to 
arrive  at  the  conviction  that  the  lines  of  demarcation  between  the 
great  formations  only  mark  gaps  in  our  knowledge,  and  that  there 
can  in  nature  be  no  hiatus  in  the  long  series  of  fossiliferous  deposits. 

Life  -  Zones. 

While  each  geological  rock-system  is  characterised  by  a  general 
assemblage  of  distinctive  types  of  animals  and  plants,  the  minor  sub- 
divisions of  each  system  are  likewise  distinguished  by  the  prevalence 
of  particular  forms  of  life.  There  are,  no  doubt,  cases  in  which  an 
extensive  series  of  successive  strata  may  appear  to  be  characterised 
throughout  by  essentially  the  same  organic  types,  there  being  appar- 
ently no  restriction  of  special  fossils  to  special  horizons  in  the  series. 
In  so  far  as  such  cases  have  any  real  existence,  they  may  be  ex- 
plained as  instances  in  which  a  great  series  of  sediments  has  been  ac- 
cumulated with  such  rapidity  that  there  has  been  no  time  for  marked 
biological  changes,  resulting  in  the  dying  out  of  old  species  and  the 
introduction  of  new  forms.  In  many  cases,  however,  the  apparent 
diffusion  of  the  same  kinds  of  fossils  from  the  base  to  the  summit  of 
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a  series  of  beds  perhaps  two  or  three  thousand  feet  in  thickness,  is 
due  simply  to  the  fact  that  the  organic  remains  met  with  in  the  for- 
mation have  not  been  sufficiently  investigated,  and  that  the  exact 
horizon  at  which  each  occurs  in  the  series  has  not  been  accurately 
determined  The  determination  of  the  horizons  of  particular  life- 
forms  is  a  work  of  time,  and  demands  both  great  stratigraphical 
knowledge  and  also  a  wide  and  accurate  acquaintance  with  the  char- 
acters of  the  fossils  themselves— two  requirements  rarely  fulfilled  in 
the  same  individual. 

In  a  considerable  number  of  cases,  however,  it  has  now  been 
shown  that  the  fossils  of  a  given  formation  may  be  divided  into 
two  principal  groups.  In  the  one  group  is  comprised  a  series  of 
common  forms  of  life  which  may  be  regarded  as  characterising 
the  formation  as  a  ivhole.  In  the  other  group  are  included  cer- 
tain special  fossils  confined  to  particular  parts  of  the  formation, 
and  characteristic  of  certain  definite  horizo?is  or  zo7ies  within  the 
limits  of  the  formation.  All  the  great  formations  are  to  some  extent 
capable  of  being  broken  up  into  minor  rock-groups,  characterised  by 
special  life-forms.  Some  of  the  differences  in  the  kinds  of  fossils 
found  in  different  parts  of  the  same  formation  must,  of  course,  be 
simply  set  down  to  the  fact  that  different  kinds  of  sediment  imply 
changed  conditions  in  the  sea,  and  hence  changes  in  the  marine 
fauna.  If,  for  example,  part  of  a  formation  consisted  of  limestone 
and  part  of  sandstone,  we  should  expect,  beforehand,  to  find  that 
each  of  these  rock-groups  would  have  some  fossils  not  found  in  the 
other,  since  the  two  would  have  been  formed  under  different  condi- 
tions. Apart,  however,  from  differences  arising  from  causes  of  this 
nature,  we  meet  with  cases  in  which  a  formation,  even  if  essentially 
homogeneous  in  its  mineral  nature,  can  be  divided  into  zones,  each 
of  which  is  characterised  by  the  possession  of  special  groups  of  fos- 
sils. Organisms  belonging  to  any  class  of  animals  may  serve  in  this 
way  as  test-forms  ("  Leit-fossilien  ")  for  special  horizons  in  a  series  of 
stratified  formations,  but  there  are  particular  groups  of  fossils  which 
have  been  found  to  be  pre-eminently  available  for  this  purpose. 
Among  the  older  rocks  of  the  earth's  crust,  the  forms  which  have 
proved  specially  valuable  for  the  determination  of  particular  "  zones  " 
are  the  Graptolites,  the  Trilobites,  and  the  Brachiopods,  while  the 
Cephalopods  have  been  found  to  afford  the  most  satisfactory  tests  in 
the  case  of  the  Secondary  rocks.  A  well-known  instance  of  this 
subdivision  of  a  system  of  strata  by  means  of  special  types  of  fossils 
is  that  afforded  by  the  Ordovician  and  Silurian  rocks  of  Europe,  in 
which  paleeontologists,  following  Professor  Lapworth,  have  recognised 
numerous  well-marked  "  life-zones,"  characterised  for  the  most  part 
by  the  possession  of  particular  types  of  Graptolites,  though  in  some 
cases  the  distinctive  fossils  belong  to  other  groups.    Another  well- 
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known  example  of  the  same  phenomenon  is  afforded  by  the  Jurassic 
deposits.  These  have  been  shown  to  contain  a  number  of  well- 
marked  zones,  each  of  which  is  characterised  by  the  possession  of 
some  special  fossils,  and  particularly  by  some  special  Ammonite. 
These  zones  are  extremely  constant,  in  any  particular  region,  and 
they  enable  the  observer  to  effect  a  division  of  the  formation  into 
special  horizons,  which  have  no  stratigraphical  existence,  and  are 
not  separated  by  any  physical  break,  but  are  of  the  utmost  palseonto- 
logical  importance,  and  can  be  rendered  readily  available  in  working 
out  the  stratigraphy  of  any  given  area. 

Certain  life-zones  appear  to  have  nothing  more  than  a  local  devel- 
opment and  importance,  but  in  other  cases  they  have  proved  to  be 
astonishingly  constant  even  over  very  large  areas.  Perhaps  the  most 
remarkable  known  instance  of  the  extension  of  particular  life-forms 
over  a  vast  area  is  that  afforded  by  the  Arenig  rocks  (a  subdivision 
of  the  Ordovician  system),  which  have  been  recognised  as  occurring 
in  Europe,  in  Canada,  and  in  Australia,  and  contain  in  all  these 
widely  remote  areas  the  same  peculiar  types  of  Graptolites. 

The  principal  difficulty  that  we  have  to  confront  in  dealing  with 
these  "  zones,"  is  to  produce  any  plausible  explanation  accounting 
for  the  destruction  of  the  special  life-forms  of  the  one  zone  and  the 
appearance  of  those  of  the  next  zone.  For  the  most  part,  these 
zones  are  of  very  limited  vertical  extent,  and  they  succeed  each  other 
in  such  a  manner  as  totally  to  preclude  the  idea  that  the  dying  out 
of  the  old  forms  can  have  been  in  any  way  caused  by  a  physical 
disturbance  of  the  area.  Perhaps  the  most  probable  view  to  adopt 
in  the  meanwhile  is,  that  the  formations  in  which  distinct  and  limited 
life-zones  can  be  recognised  were  deposited  with  extreme  slowness  ; 
whereas  those  which  show  an  essentially  compact  and  homogeneous 
fauna  from  base  to  summit  were  deposited  with  comparative  rapidity. 
Upon  this  view,  a  formation  like  the  Lias  is  one  formed  by  a  process 
of  very  slow  and  intermittent  sedimentation,  the  life -zones  being 
separated  by  intervals,  during  which  sedimentation  must  have  been 
at  a  stand-still,  but  which  were  long  enough  to  allow  of  more  or  less 
considerable  biological  changes,  some  forms  dying  out,  or  becoming 
modified,  while  other  new  ones  came  in.  Upon  this  view,  further,  a 
formation  like  the  Lias,  though  of  comparatively  small  vertical  extent, 
may  represent  as  long  a  period  of  time  as  the  whole  of  such  a  great 
formation  as  the  Lower  Carboniferous,  which  appears  to  have  been 
formed  under  conditions  of  comparatively  rapid  sedimentation. 

"  Colonies." 

It  only  remains  in  this  connection  to  consider  very  briefly  the 
doctrine  of  "colonies,"  laid  down  by  M.  Barrande,  the  eminent 
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Bohemian  paleontologist.    It  has  been  laid  down  as  a  law  that  when 
once  a  species  disappears  it  never  again  makes  its  appearance  m  the 
geological  record.     This  is  almost  certainly  true,  so  long  as  we 
remember  that  it  can  only  apply  to  cases  in  which  a  species  has 
entirely  and  totally  disappeared  from  the  earth,  and  that  it  is  often 
very  difficult,  or  altogether  impossible,  to  obtain  evidence  as  to  the 
exact  time  at  which  a  given  species  has  thus  become  actually  extinct. 
There  are  plenty  of  cases  in  which  a  species  seemingly  disappears  in 
a  particular  set  of  rocks,  to  reappear  in  some  higher  and  later  set  of 
rocks  in  the  same  region,  whilst  its  remains  are  wanting  in  all  the 
intermediate  deposits  of  the  area.    It  also  often  occurs  that  a  species, 
having  disappeared  in  one  region,  is  found  in  deposits  of  a  later  age 
in  another  area.    The  above-mentioned  law,  therefore,  can  obviously 
only  hold  good  of  cases  in  which  a  species  has  definitely  and  finally 
become  extinct ;  and  this  impHes  an  amount  of  knowledge  on  our 
part  which  we  seldom  or  never  possess.    M.  Barrande,  however,  has 
endeavoured  to  prove  that  there  are  other  cases  in  which  groups  of 
species  peculiar  to  one  set  of  beds  may  appear  in  a  temporary  and 
sporadic  manner  in  a  much  earlier  set  of  beds,  the  two  deposits  thus 
characterised  being  separated  by  beds  containing  fossils  peculiar  to  the 
earlier  and  older  series.    Thus,  the  Ordovician  and  Silurian  rocks  of 
Bohemia  are  characterised  by  very  distinct  assemblages  of  fossils. 
According  to  M.  Barrande,  however,  the  Ordovician  rocks  contain  in 
places  a  group  of  fossils  characteristic  of  the  Silurian  series.  The 
beds  containing  this  "  colony  "  of  Silurian  forms  are  succeeded  by 
strata  filled  with  Ordovician  fossils  ;  and  it  is  only  after  several 
alternations  of  this  kind  that  the  Silurian  fauna  comes  in  definitely 
and  generally.    These  temporary  appearances  of  a  later  fauna  in  the 
midst  of  an  older  fauna  are  termed  by  M.  Barrande  "  colonies,"  and 
he  explains  their  occurrence  as  follows  :  If  we  suppose  the  seas  of 
the  Bohemian  area  to  have  been  peopled  with  Ordovician  animals  at 
a  time  when  other  portions  of  Europe  were  covered  by  a  sea  con- 
taining Silurian  animals,  and  suppose  the  former  area  to  have  been 
shut  off  from  the  latter  by  a  land-barrier,  we  can  readily  understand 
how  "  colonies  "  might  be  produced.    If,  from  any  cause,  a  channel 
of  communication  were  opened  between  the  Bohemian  area  and  the 
general  area  of  Northern  Europe,  an  immigration  of  species  would 
take  place  from  the  latter  into  the  former  area.    The  Silurian  species 
of  the  latter  area  would  thus  be  imported,  in  greater  or  less  numbers, 
into  the  midst  of  the  general  Ordovician  fauna  of  Bohemia,  and 
would  be  preserved  in  the  Ordovician  rocks.    If,  however,  the 
channel  of  communication  were  speedily  closed,  so  that  the  new- 
comers could  not  be  constantly  reinforced  by  fresh  immigrants,  the 
"  colonial "  species  would  die  out,  and  the  general  Ordovician  fauna 
would  again  reign  supreme.    A  reopening  of  the  channel  of  com- 
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munication  would  allow  of  a  fresh  immigration  and  the  formation  of 
a  fresh  "  colony,"  and  the  process  might  be  indefinitely  repeated. 
Finally,  however,  we  must  suppose  that  the  Bohemian  area  was  per- 
manently thrown  open  to  immigration  from  the  general  European 
area,  when  the  Silurian  fauna  of  the  latter  would  succeed  in  perma- 
nently and  completely  displacing  the  old  Ordovician  fauna  of  the 
former  region.  The  phenomenon,  therefore,  of  "  colonies  "  may  be 
defined  as  "  the  coexistence  of  two  general  faunas,  which,  considered 
in  their  entirety,  are  nevertheless  distinct ; "  and  it  is  to  be  regarded 
as  merely  a  case  of  migration  under  certain  peculiar  and  exceptional 
circumstances. 

Not  only  have  the  phenomena  described  by  M.  Barrande  in  con- 
nection with  his  "  colonies  "  never  been  recognised  with  any  certainty 
in  any  region  outside  Bohemia ;  but  there  are  strong  grounds  for 
believing  that  the  actual  facts  in  this  area  will  not  bear  the  interpre- 
tation which  has  been  placed  upon  them  by  this  distinguished  palae- 
ontologist. Thus,  Mr  J.  E.  Marr,  after  a  careful  examination  of 
the  facts  on  the  spot,  was  led  to  the  conclusion  that  the  so-called 
"  colonies  "  have  no  real  existence,  but  are  the  result  of  disturbances 
of  the  strata,  being  due,  in  reality,  to  the  repeated  "  faulting  down  " 
of  a  band  of  the  Silurian  rocks  among  the  underlying  Ordovician 
deposits.  This  explanation  seems  to  account  adequately  for  the 
observed  phenomena,  and  relieves  us  of  the  necessity  of  accepting  a 
theory  which  can  with  difficulty  be  reconciled  with  the  ascertained 
laws  of  the  distribution  of  animals  in  past  time. 
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CHAPTER  IV. 

THE  IMPERFECTION  OF  THE  PAI^ONTOLOGICAI 

RECORD. 

As  has  been  already  pointed  out,  the  series  of  the  stratified  forma- 
tions is  an  imperfect  one,  and  is  Hkely  ever  to  remain  so.  The 
causes  of  this  "  imperfection  of  the  geological  record,"  as  it  has  been 
termed  by  Darwin,  are  various ;  but  it  is  chiefly  to  be  ascribed  to 
our  as  yet  incomplete  knowledge  of  the  geology  of  vast  areas  of  the 
earth's  surface,  to  denudation,  and  to  the  fact  that  many  of  the 
missing  groups  are  buried  beneath  other  deposits,  whilst  more  than 
half  of  the  superficies  of  the  globe  is  hidden  from  us  by  the  waters 
of  the  sea.  The  imperfection  of  the  geological  record  necessarily 
implies  an  equal  imperfection  of  the  "  paleeontological  record  "  ;  but, 
in  truth,  the  record  of  life  is  far  more  imperfect  than  the  mere  phys- 
ical series  of  deposits.  As  we  are  here  chiefly  concerned  with  the 
biological  aspect  of  the  question,  we  may  advantageously  consider 
some  of  the  main  causes  of  the  numerous  breaks  and  gaps  in  the 
palasontological  record  at  some  length. 

I.  Causes  of  the  Absence  of  Certain  Animals  in  Fossil- 
iFEROus  Deposits. — In  the  first  place,  even  if  the  series  of  the 
stratified  deposits  had  been  preserved  to  us  in  its  entirety,  and  we 
could  point  to  the  sedimentary  accumulations  belonging  to  every 
period  of  the  earth's  history,  there  would  still  be  enormous  deficien- 
cies in  the  palaeontological  record,  owing  to  the  differences  in  the 
facility  with  which  different  animals  may  be  preserved  as  fossils. 
This  subject  is  sufficiently  important  to  render  it  advisable  to  con- 
sider each  of  the  primary  groups  of  the  animal  kingdom  separately 
from  this  point  of  view  : — 

a.  Protozoa. — As  regards  the  sub-kingdom  of  the  Protozoa,  the 
Gregarines  are  destitute  of  hard  parts,  and  have  therefore  left  no 
traces  of  their  past  existence.  The  great  majority  of  the  Infusorian 
Animalcules  are  similarly  destitute  of  hard  parts,  and  are  also  un- 
represented as  fossils ;  though  a  few  forms  (e.g.,  Peridinium)  possess 
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an  integumentary  covering  which  under  favourable  circumstances  is 
capable  of  preservation,  and  remains  of  these  are  believed  to  occur 
in  some  of  the  later  sediments.  Of  the  Rhizopods,  the  Monera  and 
the  most  of  the  Amosbea  have  no  hard  structures,  and  are  unknown 
as  fossils,  but  a  few  of  the  latter  possess  a  "  test "  which  might  pos- 
sibly be  preserved  in  the  fossil  condition.  On  the  other  hand, 
skeletal  structures  of  lime  or  flint  are  almost  always  developed  in  the 
great  Rhizopodous  orders  of  the  Foraniinifera  and  Radiolaria ;  and 
these  groups,  therefore,  have  left  abundant  traces  of  their  existence 
in  past  time. 

b.  Porifera. — A  few  of  the  Sponges  {Myxospongice)  are  completely 
destitute  of  hard  parts,  and  have  therefore  no  palseontological 
history.  The  greater  number  of  the  Porifera,  however,  possess  a 
calcareous  or  siliceous  skeleton,  which  is  more  or  less  capable  of 
fossilisation,  and  the  record  of  such  types  is  therefore  a  long  and 
comparatively  full  one. 

c.  Ccelenterata. — Amongst  the  Coelenterate  animals,  the  Fresh-water 
Polypes  {Hydra),  the  Oceanic  Hydrozoa,  the  Jelly-fishes  {Medusida), 
the  Sea-blubbers  {L^icernarida),  the  Sea-anemones  {Actinidce),  and 
the  Ctenophora  are  destitute  of  hard  parts  which  could  be  preserved 
as  fossils.  The  Jelly-fishes  and  Sea-blubbers,  however,  supply  us 
with  an  instance  of  how  a  completely  soft-bodied  creature  may  leave 
traces  of  its  past  existence  ;  for  impressions  left  by  the  stranded  car- 
casses of  these  animals  have  been  detected  in  certain  fine-grained 
rocks  {e.g.,  the  Lithographic  Slates  of  Solenhofen).  On  the  other 
hand,  the  coralligenous  Zoophytes  or  "  Corals "  (comprising  the 
Madreporaria  and  most  of  the  Alcyonaria)  possess  hard  parts  cap- 
able of  preservation,  and  there  are  therefore  few  classes  of  organisms 
which  are  more  fully  represented  in  past  time  than  the  true  Corals. 
As  regards  the  Hydrozoa,  most  of  the  Hydroid  Zoophytes  have  a 
horny  skeleton,  and  do  not  become  readily  fossilised,  though  the 
large  extinct  group  of  the  Graptolites  is  generally  regarded  as  allied 
to  the  recent  Sertularians.  In  a  few  of  the  Hydractinida,  and  in 
the  whole  group  of  the  Hydrocorallines,  a  calcareous  skeleton  is 
present,  and  various  fossil  forms  of  these  are  known.  In  the  great 
extinct  group  of  the  Stroviatoporoids,  now  usually  referred  to  the 
Hydrozoa,  the  skeleton  was  also  of  a  calcareous  nature. 

d.  Echinodermata. — Since  the  integument  of  the  Echinoderms  is 
hable  to  undergo  more  or  less  extensive  calcification,  this  great  divi- 
sion of  animals  is  represented  more  or  less  completely  in  past  time 
by  all  its  sections.  In  the  group,  however,  of  the  Sea-cucumbers 
{Holothtiroidea),  the  calcareous  structures  so  characteristic  of  other 
Echinoderms  are  reduced  to  their  minimum  ;  and  accordingly,  the 
evidence  of  the  past  existence  of  these  animals  is  of  a  very  hmited 
description. 
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e.  Annulosa. — The  lowest  division  of  the  Annulosa  (viz.,  that  of  the 
Scolecidd)  comprises  animals  almost  without  exception  destitute  of 
hard  parts,  and  mostly  living  parasitically  in  the  interior  of  other 
animals.  With  the  exception,  therefore,  of  some  excessively  prob- 
lematical fossils  which  have  been  supposed  to  indicate  the  past  exist- 
ence of  Ribbon-worms  {Nemerieans),  the  palseontological  history  of 
the  Scolecida  is  a  total  blank.  Most  of  the  true  Worms  {Anarthro- 
poda)  possess  few  or  no  structures  by  which  we  could  expect  to  get 
direct  evidence  of  their  past  existence.  The  Polychaetous  Annelides 
have,  however,  left  ample  traces  of  their  former  presence  either  by 
their  horny  jaws  or  by  means  of  their  investing  tubes.  There  are 
also  numerous  fossils  of  the  nature  of  burrows  or  "  tracks  "  upon  the 
mud  or  sand  of  ancient  sea-bottoms,  which  have  been  regarded,  with 
more  or  less  probability,  as  having  been  produced  by  Annelides. 

In  the  case  of  the  higher  Annulosa  {Arthropoda),  another  law 
steps  in  to  regulate  their  comparative  abundance  as  fossils.  Most, 
in  fact  almost  all,  fossihferous  formations  have  been  deposited  in 
water;  and  of  necessity,  therefore,  most  fossils  are  the  remains  of 
animals  whose  habits  are  naturally  aquatic.  As  most  deposits,  fur- 
ther, are  not  only  aqueous,  but  are  also  marine,  most  fossils  are  those 
of  sea-animals.  It  follows,  therefore,  that  the  remains  of  air-breath- 
ing animals,  whether  these  be  terrestrial  or  aerial,  can  only  be  pre- 
served in  an  accidental  manner,  so  to  speak — except  the  animal 
inhabit  water  (as  the  Cetaceans  do),  or  except  in  the  rare  instances 
in  which  old  land-surfaces  have  been  buried  up  by  sediment,  and 
thus  partially  kept  for  our  inspection.  In  accordance  with  this  law, 
the  most  important  and  abundant  fossil  Annulose  animals  are  Crus- 
taceans; since  these  not  only  have  a  resisting  shell  or  "  exoskeleton," 
but  are  also  generally  aquatic  in  their  habits.  The  air-breathing 
classes  of  the  Myriopoda  (Centipedes  and  Millepedes),  the  Arach- 
nida  (Spiders  and  Scorpions),  and  the  Insecta  or  true  Insects,  on  the 
other  hand,  have  been  much  less  commonly  and  completely  pre- 
served, though  many  of  them  are  perfectly  capable  of  being  fossil- 
ised. Almost  all  such  remains,  moreover,  as  we  have  of  these  three 
great  classes,  are  the  remains  of  isolated  individuals,  which  may  have 
been  accidentally  drowned ;  or  else  they  occur  in  hollow  trees,  or  in 
fragments  of  ancient  soils,  or  in  vegetable  accumulations  such  as 
coal  and  peat.  There  is,  however,  a  considerable  number  of  aquatic 
msects  (but  almost  exclusively  in  fresh  water),  and  there  are  many 
insects  the  larvae  of  which  inhabit  water,  whether  this  be  fresh  or  salt ; 
so  that  instances  of  these  occurring  as  fossils  are  not  very  infrequent. 

/  Molluscoidea. — With  regard  to  the  Molluscoids,  the  great  majority 
of  the  Polyzoa  and  all  of  the  Brachiopoda  possess  skeletal  structures 
of  a  horny  or  calcareous  nature,  which  are  capable  of  preservation  in 
the  fossil  condition.    Both  these  classes  of  animals,  therefore,  possess 
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a  long  and  tolerably  complete  palseontological  record.  In  the  case 
of  the  Polyzoa,  however,  the  group  of  the  fresh-water  forms  is  not  at 
present  known  to  have  any  fossil  representatives. 

g.  Mollusca. — This  sub-kingdom  requires  little  notice,  since  the 
greater  number  of  its  members  possess  hard  structures  readily  cap- 
able of  preservation  in  the  fossil  condition.  Hence,  all  the  great 
existing  groups  of  Molluscs  are  more  or  less  extensively  represented 
in  past  time.  The  oceanic  Pteropods,  however,  perhaps  owing  to 
their  pelagic  habit  of  life,  or  possibly  as  the  result  of  their  having 
fragile  and  easily  destructible  shells,  have  left  a  more  incomplete 
record  of  their  past  existence  than  is  the  case  with  the  other 
classes  of  Molluscs.  Amongst  the  Gastropoda,  again,  the  Sea- 
slugs  and  their  allies  {Nudibranchiata)  possess  no  shell,  and  are 
unknown  to  the  palaeontologist ;  whilst  the  shell  of  the  Land-slugs  is 
extremely  minute,  and  has  only  rarely  been  recognised  as  fossil. 
Lastly,  the  air-breathing  terrestrial  Molluscs,  from  their  habits,  rarely 
occur  as  fossils  ;  whilst  those  which  inhabit  rivers,  ponds,  and  lakes 
are  less  largely  represented  than  marine  forms,  owing  to  the  prepon 
derance  of  salt-water  deposits  over  those  of  fresh  water. 

h.  Tunicata. — The  Tunicates,  so  far  as  living  forms  are  concerned, 
are  almost  always  destitute  of  skeletal  structures,  or  possess  only 
microscopic  spicules  of  carbonate  of  lime.  Only  the  most  limited 
traces  of  the  past  existence  of  these  animals  have  as  yet  been  cer- 
tainly detected  ;  but  it  is  quite  probable  that  further  investigations 
will  considerably  extend  our  knowledge  on  this  point. 

/.  Vertebrata. — The  majority  of  Vertebrate  animals  possess  a  bony 
skeleton,  so  that  their  preservation  in  a  fossil  state — so  far  as  this 
point  is  concerned — is  attended  with  no  difficulty.  Some  of  the 
fishes,  however  (such  as  the  Lancelet,  the  Hag-fishes,  and  the  Lam- 
preys), have  no  scales,  and  either  possess  no  "  endoskeleton "  or 
have  one  which  is  wholly  or  almost  wholly  unossified.  The  only 
evidence,  therefore,  which  could  be  obtained  of  the  past  existence 
of  such  fishes  would  be  afforded  by  their  teeth  ;  but  these  are  want- 
ing in  the  Lancelet,  and  are  small  and  horny  in  the  Lampreys  :  so 
that  we  need  not  wonder  that  these  fishes  are  unknown  as  fossils. 
The  higher  groups  of  the  fishes,  however,  taking  everything  into 
consideration,  may  be  said  to  be  abundantly  represented  m  a  fossil 
condition  by  their  scales,  bones,  teeth,  and  defensive  spines. 

The  Amphibians  are  tolerably  well  represented  by  their  bones  and 
teeth  and,  as  regards  one  extinct  order,  by  integumentary  plates  as 
well  '  They  have  also  left  many  traces  of  their  existence  in  the  form 
of  footprints.  Most  living  Amphibians,  however,  frequent  fresh 
waters,  or  spend  a  great  part  of  their  time  upon  the  land ;  and 
hence  their  remains  would  not  be  likely  to  be  preserved  in  marine 
deposits. 
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The  abundance  of  Reptiles  as  fossils  naturally  varies  much,  accor- 
ding to  the  habits  of  the  different  orders.  Of  the  living  orders,  the 
Chelonians  (Tortoises  and  Turtles)  are  by  no  means  rare;  since 
many  of  them  are  habitual  denizens  of  fresh  water  or  of  the  sea, 
whilst  all  are  provided  with  a  well-developed  skeleton.  The  exist- 
ing Sqttamata  (Lizards  and  Snakes)  and  the  Rhynchocephalia  live 
chiefly  upon  the  land,  and  do  not  therefore  abound  as  fossils ;  but 
some  extinct  types  of  the  former  (the  Mosasauroids)  were  marine  in 
their  habits,  and  have  consequently  been  pretty  fully  preserved. 
The  Crocodilia,  again,  are  so  essentially  aquatic  in  their  habits, 
that  their  comparative  frequency  in  aqueous  deposits  is  no  matter  of 
wonder,  especially  if  we  recollect  that  many  of  the  extinct  members 
of  this  order  frequented  the  sea  itself.  Of  the  extinct  orders  of  Rep- 
tiles, the  great  Ichthyosaurs  and  the  Plesiosaurs  and  their  allies  were 
marine  in  their  habits,  and  their  remains  occur  in  what  may  fairly 
be  called  profusion.  The  Flying  Reptiles,  or  Fterodactyks,  would 
not  seem  to  have  any  better  chance  of  being  preserved  than  Birds, 
if  as  good,  yet  their  remains  occur  by  no  means  very  rarely  in  certain 
formations.  The  terrestrial  Dinosaurs  and  Anomodonts,  again,  come 
very  much  under  the  laws  which  regulate  the  preservation  of  Mam- 
mals as  fossils ;  and  their  remains  are  chiefly,  but  not  exclusively, 
to  be  found  in  fluviatile  or  estuarine  deposits. 

As  regards  Birds,  their  powers  of  flight,  as  pointed  out  by  Sir 
Charles  Lyell,  would  save  them  from  many  destructive  agencies,  and 
the  lightness  of  their  bones  would  favour  the  long  floating  of  the 
body  in  water,  and  thus  increase  the  chances  of  its  being  devoured 
by  predaceous  animals.  In  accordance  with  these  considerations, 
the  most  abundant  remains  of  Birds  belong  to  species  which  fre- 
quent the  sea-shore,  lakes,  estuaries,  or  rivers,  or  which  delight  in 
marshy  situations ;  though  in  certain  regions  the  principal  fossil  rep- 
resentatives of  the  class  Aves  are  large  wingless  forms,  of  terrestrial 
habit,  and  with  their  bones  largely  filled  with  marrow  instead  of  air. 

Lastly,  as  regards  Mammals,  the  record  is  far  from  being  a  full 
one,  and  from  obvious  causes.  The  great  majority  of  Mammals 
live  on  land,  and  therefore  are  not  likely  to  be  buried  in  aqueous, 
and  especially  in  marine,  accumulations.  That  this  cause  is  the 
chief  one  which  has  operated  against  the  frequent  preservation  of 
Mammalian  remains  is  shown  by  the  fact  that  when  we  exhume  an 
old  land-surface,  the  remains  of  Mammals  may  be  found  in  tolerable 
plenty.  The  strictly  aquatic  Mammals — such  as  Whales,  Dolphins, 
and  the  like — are,  of  course,  much  more  likely  to  have  been  pre- 
served as  fossils  than  the  strictly  terrestrial  forms  ;  but  their  want  of 
mtegumentary  hard  structures  places  them  at  a  disadvantage  in  this 
respect  as  compared  with  fishes.  In  a  general  way,  we  may  conclude 
that  the  preservation  of  the  terrestrial  Mammals  as  fossils  is  due  to 
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the  occurrence  of  individuals  being  killed  whilst  swimming  a  river 
or  some  other  piece  of  water,  or  being  mired  in  a  bog,  or  to 
the  bones  of  those  that  had  died  on  land  being  washed  into  some 
stream,  and  thence  into  a  lake  or  into  the  sea,  by  floods ;  but  there 
are  other  cases  for  which  a  different  explanation  must  be  sought. 
The  most  abundant  remains  of  Mammals  have  been  found  in  de- 
posits which  have  been  laid  down  in  lakes. 

II.  Unrepresented  Time. — In  the  second  place,  we  have  seen 
that  the  geological  record  is  very  imperfect,  and  this  of  necessity 
causes  vast  gaps  in  our  palseontological  knowledge.  In  this  con- 
nection we  may  briefly  consider  the  evidence  which  we  possess  as 
to  the  immensity  of  the  "  unrepresented  time  "  between  some  of  the 
great  formations,  and  no  better  example  can  be  chosen  than  that 
of  the  Cretaceous  and  Eocene  rocks,  as  developed  in  Europe.  In 
considering  such  a  case,  the  evidence  may  be  divided  into  two 
heads,  the  one  palseontological,  the  other  purely  physical,  and  each 
may  be  looked  at  separately. 

The  Chalk,  as  is  well  known,  constitutes  in  Britain  the  topmost 
member  of  the  Cretaceous  formation,  and  is  the  highest  deposit 
there  known  as  appertaining  to  the  great  Secondary  or  Mesozoic 
series.  It  is  directly  overlaid  in  various  places  by  strata  of  Eocene 
age,  which  form  the  base  of  the  great  Tertiary  or  Kainozoic  series 
of  rocks.  The  question,  then,  before  us  is  this,  What  evidence  have 
we  as  to  the  lapse  of  time  represented  in  Britain  merely  by  the 
dividing-line  between  the  highest  beds  of  the  Chalk  and  the  lowest 
beds  of  the  Eocene  ? 

Taking  the  palaeontological  evidence  first,  it  is  found  that  not  a 
single  specific  type  out  of  the  vast  number  of  known  Cretaceous 
fossils  has  hitherto  been  recognised  with  certainty  as  occurring  in 
the  immediately  overlying  Eocene  beds.  These  latter,  on  the  con- 
trary, are  replete  with  organic  remains  wholly  distinct  firom  those  of 
the  Cretaceous  beds.  It  may  be  said,  therefore,  that  the  very  ex- 
tensive assemblage  of  animals  which  lived  in  the  later  Cretaceous 
seas  of  Britain  had  entirely  passed  away  and  become  a  thing  of  the 
past,  before  a  single  grain  of  the  Eocene  rocks  had  been  deposited. 
Now  it  is  of  course  open  to  us  to  believe  that  the  animals  of  the 
Chalk  sea  were  suddenly  extinguished  by  some  natural  agencies 
unknown  to  us,  and  that  the  animals  of  the  Eocene  sea  had 
been  in  as  sudden  and  as  obscure  a  manner  introduced  en  masse 
into  the  same  waters.  This  theory,  however,  calls  upon  the  stage 
forces  of  which  we  know  nothing,  and  is  contradicted  by  the  whole 
tenor  of  the  operations  which  we  see  going  on  around  us  at  the 
present  day.  It  is  preferable,  therefore,  to  believe  that  no  such 
violent  processes  of  destruction  and  repeopling  took  place,  but  that 
the  marked  break  in  the  life  of  the  two  periods  indicates  an  enor- 
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mous  lapse  of  time.  The  Cretaceous  animals,  in  consequence  of 
the  elevation  of  the  British  area  at  the  close  of  the  Cretaceous 
period,  must  have  mostly  migrated,  some  doubtless  perishing,  and 
others  probably  becoming  modified  in  the  process.  When  the 
British  area  became  once  more  submerged  beneath  the  sea,  and  be- 
came again  a  fitting  home  for  marine  life,  an  immigration  into  it 
would  set  in  from  neighbouring  seas.  By  this  time,  however,  the 
Cretaceous  animals  must  have  mostly  died  out,  or  must  have  be- 
come greatly  changed  in  their  characters ;  and  the  new  immigrants 
would  be  forms  characteristic  of  the  Lower  Eocene.  How  long  the 
processes  here  described  may  have  taken,  it  is  utterly  impossible  to 
say,  even  approximately.  Judging,  however,  from  what  we  can  ob- 
serve at  the  present  day,  the  palseontological  break  between  the 
Chalk  and  the  Eocene  indicates  a  perfectly  incalculable  lapse  of 
time ;  for  all  species  change  or  die  out  slowly,  marine  species  es- 
pecially so ;  and  we  have  here  the  disappearance  of  a  large  fauna 
almost  in  its  entirety,  and  its  replacement  by  another  wholly 
distinct. 

In  the  second  place,  to  come  to  the  physical  evidence,  the  Eocene 
strata  in  Britain  are  seen  to  rest  upon  an  eroded  and  denuded  sur- 
face of  Chalk,  filling  up  "  pipes "  and  winding  hollows  which  de- 
scend far  below  the  general  surface  of  the  latter.  Not  only  so,  but 
the  base  of  the  Eocene  rocks  is  commonly  composed  of  a  bed  of 
rolled  and  rounded  flints,  derived  from  the  Chalk,  aff'ording  incon- 
testable proof  that  the  Chalk  had  been  greatly  worn  down  and  re- 
moved by  denudation  before  the  Eocene  beds  were  deposited  upon 
its  surface.  In  short,  the  Eocene  rocks  repose  "  unconformably " 
upon  the  Chalk,  and  this,  as  is  well  known,  indicates  the  following 
series  of  phenomena :  Firstly,  the  Chalk  was  deposited  in  horizontal 
layers  at  the  bottom  of  the  Cretaceous  sea.  Secondly,  at  some 
wholly  indefinite  time  after  its  deposition,  after  it  had  become  more 
or  less  consolidated,  the  Chalk  must  have  been  raised  by  a  gradual 
process  of  elevation  above  the  level  of  the  sea,  during  which  it 
would  inevitably  suffer  vast  denudation.  Thirdly,  after  another 
wholly  indefinite  period,  the  Chalk  was  again  submerged  beneath 
the  sea,  in  which  process  it  would  be  subjected  to  still  further  denu- 
dation, and  an  approximately  level  surface  would  be  formed  upon  it. 
Fourthly,  strata  of  Eocene  age  were  deposited  upon  the  denuded 
surface  of  the  Chalk,  filling  up  all  the  hollows  and  inequalities  of  its 
eroded  surface  (fig.  15). 

In  the  unconformability,  then,  between  the  Chalk  and  the  Eocene 
rocks,  we  have  unequivocal  evidence — irrespective  of  anything  that 
we  learn  from  Palaeontology — that  the  break  between  the  two  for- 
mations was  one  of  enormous  length.  In  Britain  the  interval  of 
time  thus  indicated  is  not  represented  by  any  deposits ;  and  in 
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Europe  generally  there  are  but  fragmentary  traces  of  such.  We 
may  be  quite  sure,  however,  that  during  the  time  represented  in 
Britain  by  the  mere  line  of  unconformability  between  the  Chalk 
and  the  Eocene,  there  were  somewhere  deposited  considerable  accu- 
mulations of  sediment. 

It  is  not  probable  that  we  shall  ever  discover  any  very  consider- 
able portion  of  these,  considering  the  large  extent  of  the  terrestrial 
surface  which  is  covered  by  the  ocean.    In  New  Zealand,  however. 


Fig.  15.— Section  showing  strata  of  Tertiary  age  {a),  resting  upon  a  worn  and  denuded  surface 
of  White  Chalk  (i),  the  stratification  of  which  is  marked  by  hues  of  flints. 


and  still  more  notably  in  North  America,  extensive  deposits  are 
already  known,  which  were  laid  down  subsequent  to  the  formation 
of  the  White  Chalk  and  prior  to  the  deposition  of  the  Eocene  Ter- 
tiary, and  which  serve,  therefore,  to  partially  bridge  over  the  great 
h'afus  which  separates  these  formations  in  Europe.  These  tran- 
sitional formations  are  charged,  as  might  have  been  anticipated, 
with  the  remains  of  animals  which  in  part  resemble  Cretaceous 
types  and  in  part  are  characteristic  Eocene  forms. 

The  break  between  the  Cretaceous  and  lowest  Tertiary  de- 
posits is  one  of  the  most  extensive  and  universal  of  which  we  have 
at  present  any  knowledge.  Almost  equally  extensive  and  wide- 
spread is  the  break  which  separates  the  Pateozoic  from  the  Meso- 
zoic  group  of  deposits.  Throughout  the  whole  stratified  series, 
however,  we  meet  at  intervals  with  physical  and  palasontological 
breaks  of  greater  or  less  magnitude.  Sometimes  a  pateontological 
break  occurs  unaccompanied  by  marked  physical  disturbance  or 
discordance  of  the  strata ;  but  usually  a  gap  in  the  succession  of 
life-forms  is  associated  with  clear  physical  evidence  of  elevation  and 
subsequent  denudation.  _  „  j  j  . 

It  may  be  pointed  out  that  the  unconformities  above  alluded  to 
must  be  distinguished  from  the  common  cases  in  which  strata  of 
one  age  are  /oca//y  superimposed  in  an  unconformable  manner  upon 
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beds  much  older  than  themselves.  These  local  unconformities  are 
exceedingly  common  in  regions  which  have  undergone  much  dis- 
turbancer  and  they  merely  indicate  that  the  region  has  been  sub- 
iected  to  a  local  elevation,  resulting  in  a  temporary  cessation  of 
sedimentation  in  that  particular  area.  In  such  cases,  an  examina- 
tion of  neighbouring  areas,  which  remained  submerged,  and  in 
which  therefore,  sedimentation  was  uninterrupted,  will  show  the 
missing  deposits  which  were  laid  down  during  the  period  represented 
in  the  first  area  by  a  local  unconformity.  The  instances  above 
alluded  to,  though  really  only  differing  from  the  local  unconformi- 
ties just  alluded  to  in  nothing  more  than  in  being  the  result  of  a  very 
widespread  elevation,  are  distinguished  by  an  important  point.  In 
the  case  of  a  mere  local  unconformity,  we  know  what  formation  is 
wanting,  and  we  can  intercalate  it  from  foreign  areas,  and  can  thus 
complete  the  series.  In  the  general  unconformities,  such  as  that 
between  the  Paleozoic  and  Mesozoic  groups  of  sediments,  we  are 
not  at  present  acquainted  with  the  deposits  which  were  laid  down 
during  the  interval  represented  by  the  physical  discordance  of  the 
strata,  and  the  series  of  rock-formations  thus  remains  a  broken 
one. 

From  the  above  facts,  then,  we  learn  that  one  of  the  chief  causes  of 
the  imperfection  of  the  pateontological  record  is  to  be  found  in  the 
vast  spaces  of  time  which  separate  most  of  the  great  "  systems,"  and 
which,  so  far  as  we  yet  know,  are  not  represented  by  any  formation 
of  rock.  In  process  of  time  we  shall  doubtless  succeed  in  finding 
deposits  to  account  for  more  or  less  of  this  "  unrepresented  time," 
but  much  will  ever  remain  for  which  we  cannot  hope  to  find  the 
representative  sediments.  It  only  remains  to  add  that  we  have 
ample  evidence  within  the  limits  of  each  formation,  and  wholly 
irrespective  of  any  want  of  conformity,  of  such  lengthened  pauses 
in  the  work  of  deposition  as  to  have  allowed  of  great  zoological 
changes  in  the  interim,  and  to  have  thus  caused  irremediable  blanks 
in  the  paleeontological  record.  The  work  of  rock-deposition  is  at 
best  an  intermittent  process ;  the  changes  in  a  fauna,  if  slowly 
effected,  are  continuous.  Thus  there  are  scores  of  instances  in 
which  the  fauna  of  a  given  bed,  perhaps  but  a  few  inches  in  thick- 
ness, differs  altogether  from  that  of  the  beds  immediately  above  and 
below,  and  is  characterised  by  species  peculiar  to  itself  In  such 
cases  we  can  only  suppose,  that  though  no  physical  break  can  be 
detected,  the  deposition  of  sediment  was  interrupted  by  pauses  of 
incalculable  length,  during  which  no  additional  material  was  added 
to  the  sea-bottom,  whilst  time  was  allowed  for  the  dying  out  of  old 
species  and  the  coming  in  of  new.  The  incessant  repetition  of  such 
intervals  of  unrepresented  time  throughout  the  whole  stratified 
series  is  convincing  proof  that  the  palfeontological  record  is,  and 
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ever  must  be,  a  mere  excerpt  from  the  biological  annals  of  the 
globe. 

III.  Thinning  out  of  Beds. — Another  cause  by  which  the 
continuity  of  the  palceontological  record  is  affected  is  what  is  tech- 
nically called  the  "  thinning  out "  of  beds.  Owing  to  the  mode  in 
which  sedimentary  rocks  are  produced,  it  is  certain  that  there  must 
be  for  every  bed  a  point  whence  the  largest  amount  of  sediment 
was  derived,  and  in  the  neighbourhood  of  which  the  bed  will  there- 
fore be  thickest.  Thus,  if  we  take  a  series  of  beds,  such  as  sand- 
stones and  conglomerates,  which  are  the  product  of  littoral  action, 
and  are  deposited  in  shallow  water  near  a  coa'st-line,  it  will  be  found 
that  these  gradually  decrease  in  thickness,  or  "  thin  out,"  as  we  pass 
away  from  the  coast  in  the  direction  of  deep  water.  On  approach- 
ing deep  water,  however,  we  might  find  that,  though  the  sandstones 
were  rapidly  dying  out,  the  thickness  of  the  entire  series  might  still 
be  preserved,  owing  to  the  commencement  now  of  some  deep-water 
deposit,  such  as  limestone.  The  beds  of  limestone  would  at  first 
be  very  thin,  but  in  proceeding  still  in  the  direction  of  deeper  water, 
we  should  find  that  they  would  gradually  expand  till  they  reached  a 
point  of  maximum  thickness,  on  the  other  side  of  which  they  would 


Fig.  i6. — Diagram  to  show  the  "  thinning  out"  of  beds,    a.  Sandstones  and 
Conglomerates ;  b.  Limestones. 


gradually  thin  out.  Each  individual  bed,  therefore,  in  any  group 
of  stratified  rocks,  may  be  regarded  as  an  unequal  mass,  thickest  in 
the  centre,  and  gradually  tapering  off  or  "  thinning  out "  in  all  direc- 
tions towards  the  circumference  (fig.  i6). 

In  a  general  way  this  holds  good,  not  only  for  any  particular  bed, 
but  for  any  particular  aggregation  or  group  of  beds  which  we  may 
choose  to  take.  In  the  case,  namely,  of  every  group  of  beds,  there 
must  have  been  a  particular  point  whither  sediment  was  most  abun- 
dantly conveyed,  or  where  the  other  conditions  of  accumulation  were 
especially  favourable.  At  this  point,  therefore,  the  beds  are  thickest, 
and  from  this  they  thin  out  in  all  directions.  It  need  scarcely  be 
pointed  out,  indeed,  that  some  such  state  of  things  is  unavoidable  in 
the  case  of  every  bed  or  group  of  beds,  since  no  sea  is  boundless, 
and  the  sedimentary  deposits  of  every  ocean  must  come  to  an  end 
somewhere. 

An  excellent  example  of  the  phenomena  above  described  may  be 
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derived  from  the  Lower  Carboniferous  rocks  of  Britain.  Here  we 
may  start  in  South  Wales  and  in  Central  England  with  the  Carbon- 
iferous Limestone  as  a  great  calcareous  mass  over  looo  feet  m 
thickness,  and  almost  without  a  single  intercalated  layer  of  shale. 
Passing  northwards,  some  of  the  beds  of  limestone  begm  to  thm  out, 
and  their  place  is  taken  by  strata  of  a  different  mineral  nature,  such 
as  sandstone,  grit,  or  shale.  The  result  of  this  is,  that  by  the  time 
we  have  followed  the  Carboniferous  Limestone  into  Yorkshire  and 
Westmorland,  in  place  of  a  single  great  mass  of  limestone,  we  have 
an  equivalent  mass  of  alternating  strata  of  limestone,  sandstone,  grit, 
and  shale,  with  one  or  two  thin  seams  of  coal — the  limestones,  how- 
ever, still  bearing  a  considerable  proportion  to  the  whole.  Passing 
still  further  northwards,  the  limestones  continue  to  thin  out,  till  in 
Central  Scotland,  in  place  of  the  dense  calcareous  accumulations  of 
Derbyshire,  the  Lower  Carboniferous  series  consists  of  a  great  group 
of  sandstones,  grits,  and  shales,  with  thick  and  workable  beds  of 
coal,  and  with  but  few  and  comparatively  insignificant  beds  of 
limestone. 

The  state  of  things  indicated  by  these  phenomena  is  as  follows  : 
The  sea  in  which  the  Lower  Carboniferous  rocks  of  Britain  were 
deposited  must  have  gradually  deepened  from  north  to  south.  The 
land  and  coast-line  whence  the  coarser  mechanical  sediments  were 
derived,  must  have  been  placed  somewhere  to  the  north  and  north- 
west of  what  is  now  Great  Britain,  and  the  deepest  part  of  the  ocean 
must  have  been  somewhere  about  Derbyshire.  Here  the  conditions 
for  lime-making  were  most  favourable,  and  here  consequently  we  find 
the  greatest  thickness  of  calcareous  strata,  and  the  smallest  inter- 
mixture of  mechanical  deposits. 

The  palseontological  results  of  this  are  readily  deducible.  The 
entire  Lower  Carboniferous  series  of  Britain  was  probably  deposited 
in  a  single  ocean,  apparently  destitute  of  land-barriers ;  and  conse- 
quently, taken  as  a  whole,  the  fauna  of  this  series  may  be  regarded 
as  one  and  indivisible.  The  conditions,  nevertheless,  which  obtained 
in  different  parts  of  this  area  were  very  dissimilar ;  and,  as  a  necessary 
result,  certain  groups  of  animals  flourished  in  certain  localities,  and 
were  absent  or  but  scantily  represented  in  others.  In  the  deeper 
parts  of  the  area  we  have  an  abundance  of  Corals,  with  Crinoids, 
and  at  times  Foraminifera.  In  the  shallower  parts  of  the  area  there 
is,  on  the  other  hand,  a  predominance  of  forms  which  affect  water  of 
no  great  depth.  Still  there  is  no  difference  in  point  of  time  between 
the  deposits  of  different  parts  of  the  area ;  and  in  order  to  obtain  a 
true  notion  of  the  Lower  Carboniferous  fauna,  we  must  add  the 
fossils  derived  from  one  portion  of  the  area  to  those  derived  from 
another. 

In  many  cases,  however,  we  are  acquainted  with  but  one  class  of 
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deposits  belonging  to  a  given  period.  We  may  have  the  compara- 
tively deep-water  deposits  of  the  period  only,  or  we  may  know 
nothing  but  its  littoral  accumulations.  In  either  case  it  is  clear 
that  there  is  an  imjierfection  of  the  palaeontological  record;  for 
we  cannot  have  even  a  moderately  complete  record  of  the  marine 
animals  alone  of  a  particular  period,  unless  we  have  access  to  a 
complete  series  of  the  deposits  laid  down  in  the  seas  of  that  period. 
A  still  more  serious  imperfection  of  the  record  arises  where,  as 
commonly  happens,  the  marine  deposits  of  a  given  period  are  alone 
known,  and  we  are  left  without  any  knowledge  of  the  lacustrine, 
fluviatile,  and  terrestrial  deposits  of  the  same  period. 

According  to  the  views  of  Dr  John  Murray  and  the  Ahh€  Renard, 
a  very  important  deficiency  exists  in  the  series  of  sedimentary  de- 
posits known  to  us  as  forming  the  existing  dry  land,  in  so  far  as  the 
series  is  without  any  representatives  of  the  peculiar  deposits  which 
are  now  in  process  of  formation  in  the  deep  sea.  It  has  been 
shown  by  these  investigators  that  between  depths  of  six  or  seven 
hundred  fathoms  down  to  the  greatest  depths  known,  at  distances 
of  two  hundred  miles  or  more  from  land,  there  are  now  being 
formed  certain  remarkable  deposits  which  may  be  spoken  of  as 
"  deep-sea  muds  "  and  "  abyssal  clays."  The  deep-sea  "  muds  "  and 
"  oozes "  are  exceedingly  fine,  mud-like  deposits,  which  differ  from 
true  muds  in  not  being  made  up  of  water-worn  particles  of  clay  or  • 
other  mineral  substances,  and  in  being  largely  composed  of  the  skele- 
tons of  minute  animal  or  vegetable  organisms.  Some  of  these  deep- 
sea  muds  are  largely  composed  of  the  shells  of  Foraininifera  ("  Glo- 
bigerina  ooze  ") ;  others  are  essentially  made  up  of  the  siliceous  tests 
of  Polycystina  and  allied  organisms  (" Radiolarian  ooze");  others 
are  built  up  principally  of  the  shells  of  Pteropoda  ("  Pteropod  ooze  ") ; 
while  others  are  the  result  of  the  accumulation  of  the  flinty  envelopes 
of  Diatoms  ("  Diatom  ooze  ").  The  "  abyssal  clays,"  again,  are  red, 
purple,  chocolate-coloured,  or  brown  clays,  composed  of  nearly  im- 
palpable particles,  and  almost  destitute  of  calcareous  matter,  but 
sometimes  containing  particles  of  metallic  iron  or  concretions  of 
manganese.  These  abyssal  clays,  according  to  Dr  Murray,  are  pro- 
duced by  the  decomposition  in  sea-water  of  floating  pumice  and  of 
ashes,  ejected  from  volcanoes  and  ultimately  falling  into  the  sea; 
and  there  is  evidence  to  show  that  they  are  the  result  of  an  exces- 
sively slow  process  of  accumulation. 

From  a  study  of  the  deposits  at  present  in  process  of  formation  in 
the  deep  sea,  far  from  land,  it  has  been  concluded  by  Murray  and  Re- 
nard, as  before  said,  that  no  similar  or  parallel  deposits  exist  amongst 
the  varied  marine  sediments  which  compose  so  large  a  portion  of  the 
present  continents.  On  this  view,  the  ordinary  stratified  rocks  of 
marine  origin  have  all  been  formed  in  comparatively  shallow  water. 


IMPERFECTION  OF  PAL/EONTOLOGICAL  RECORD.  75 


or  at  any  rate,  at  a  comparatively  short  distance  from  land.  A  con- 
clusion so  far-reaching  as  this  requires,  however,  to  be  received  with 
the  utmost  caution ;  the  more  so  as  it  constitutes  one  of  the  most 
weighty  arguments  in  favour  of  the  equally  far-reaching  conclusion, 
that  the  present  continental  areas  have  been  in  the  main  regions  of 
elevation,  and  the  existing  oceans  in  the  main  areas  of  depression, 
since  the  beginning  of  the  Cambrian  period,  if  not  from  a  still  earlier 
period.  That  a  large  number  of  the  known  sedimentary  rocks  have 
been  formed  from  the  wear  and  tear  of  pre-existing  rocks,  or  have 
been  the  result  of  the  accumulation  of  the  skeletons  of  animals  and 
plants,  in  comparatively  shallow  water  and  at  moderate  distances 
from  a  coast-line,  may  be  taken  as  certain.  With  our  present  im- 
perfect acquaintance,  however,  with  the  nature  and  origin  of  many 
of  the  older  sediments  of  the  earth's  crust,  it  appears  hazardous  to 
conclude  that  all  the  sedimentary  rocks  have  been  laid  down  near 
land.  In  various  parts  of  the  stratified  series  we  meet  with  deposits 
which  may  be  paralleled  with  the  Foraminiferal  ooze,  the  Radiolarian 
ooze,  the  Diatom  ooze,  or  even  the  Pteropod  ooze  of  the  present  day, 
though  it  may  be  admitted  that  these  deposits  may  sometimes  have 
been  formed  in  a  comparatively  shallow  sea.  Moreover,  it  cannot,  with 
our  present  knowledge,  be  safely  asserted  that  we  have  tio  ancient 
representatives  even  of  the  "  abyssal  clays  "  of  the  deep  oceans  of  the 
present  day.  On  the  contrary,  it  seems  very  possible  that  certain  of 
the  sediments  of  such  old  systems  as  the  Cambrian  and  Ordovician 
were  formed  at  great  depths,  and  that  they  represent  the  modern 
abyssal  clays.  This  is  particularly  the  case  with  some  of  the  fine- 
grained, red,  brown,  or  green  muds  which  occasionally  form  a  con- 
spicuous feature  in  the  Cambrian  and  Ordovician  series.  Such 
muds  are  not  only  singular  for  their  extraordinary  barrenness  in  fos- 
sils, but  there  is  good  ground  for  thinking  that  they  have  been 
formed  by  the  decomposition  of  volcanic  matter,  while  they  com- 
monly exhibit  dendrites  of  manganese. 

IV.  Disappearance  of  Fossils. — The  last  subject  which  need 
be  mentioned  in  connection  with  the  imperfection  of  the  palseontolo- 
gical  record,  is  that  of  the  disappearance  of  fossils  from  rocks  origin- 
ally fossiliferous.  This,  as  a  rule,  is  due  to  "  metamorphism  " — that 
is  to  say,  the  subjection  of  the  rock  to  a  sufficient  amount  of  pres- 
sure or  heat  to  cause  a  rearrangement  of  its  particles.  When  of  at 
all  a  pronounced  character,  the  result  of  metamorphism  is  the  more 
or  less  complete  obliteration  of  any  fossils  which  might  have  been 
originally  present  in  the  rock.  To  this  cause  must  be  set  down 
many  great  gaps  in  the  paleeontological  record,  and  the  irreparable 
loss  of  much  fossil  evidence. 

Another  not  uncommon  cause  of  the  disappearance  of  organic 
remains  from  originally  fossiliferous  deposits  is  the  percolation  through 
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them  of  water  holding  carbonic  acid  in  solution.  By  this  means 
fossils  of  a  calcareous  nature  are  dissolved  out  of  the  rock,  and  may 
leave  no  traces  behind.  This  cause,  however,  can  only  operate  to 
any  extent  in  more  or  less  loose  and  porous  arenaceous  deposits. 

Lastly,  "  cleavage  "  may  be  mentioned  as  a  common  cause  of  the 
disappearance  of  fossils.  But  the  cleavage  must  be  very  intense, 
if  it  actually  prevents  the  recognition  of  the  deposit  as  one  in 
which  fossils  formerly  existed,  though  cases  are  not  uncommon  in 
which  this  occurs  through  thousands  of  feet  of  strata.  As  a  more 
general  rule,  however,  it  is  not  very  difficult  to  determine  whether  a 
cleaved  rock  has  ever  contained  fossils  or  not,  though  it  may  be 
quite  impossible  to  make  out  the  exact  nature  and  character  of  the 
organic  remains. 
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CHAPTER  V. 

CONCLUSIONS  TO  BE  DRAWN  FROM  FOSSILS 

AVE  have  already  seen  that  geologists  have  been  led  by  the  study  of 
fossils  to  the  all-important  generalisation  that  the  vast  series  of  the 
Fossiliferous  or  Sedimentary  rocks  may  be  divided  into  a  number  of 
definite  groups  or  "  systems,"  each  of  which  is  characterised  by  its 
organic  remains.  It  may  simply  be  repeated  here  that  these  systems 
are  not  properly  and  strictly  characterised  by  the  occurrence  in  them 
of  any  one  particular  fossil.  It  very  often  happens,  indeed,  that 
some  particular  stratum,  or  sub-group  of  a  series,  contains  peculiar 
fossils,  by  which  its  existence  may  be  determined  in  various  local- 
ities. As  before  remarked,  however,  the  great  systems  are  char- 
acterised properly  by  the  association  of  certain  fossils,  by  the  pre- 
dominance of  certain  families  or  orders,  or  by  an  assemblage  of  fossil 
remains  representing  the  "  life  "  of  the  period  in  which  the  system 
was  deposited. 

Fossils,  then,  enable  us  to  determine  the  age  of  the  deposits  in 
which  they  occur.  Fossils  further  enable  us  to  come  to  very  im- 
portant conclusions  as  to  the  mode  in  which  the  fossiliferous  bed  was 
deposited,  and  thus  as  to  the  condition  of  the  particular  district  or 
region  occupied  by  the  fossiliferous  bed  at  the  time  of  the  formation 
of  the  latter.  If,  in  the  first  place,  the  bed  contain  the  remains  of 
animals  such  as  now  inhabit  rivers,  we  know  that  it  is  "  fluviatile  " 
in  its  origin,  and  that  it  must  at  one  time  have  either  formed  an 
actual  river-bed,  or  been  deposited  by  the  overflowing  of  an  ancient 
stream.  Secondly,  if  the  bed  contain  the  remains  of  shell-fish,  min- 
ute crustaceans,  or  fish,  such  as  now  inhabit  lakes,  we  know  that  it 
is  "  lacustrine,"  and  was  deposited  beneath  the  waters  of  a  former 
lake.  Thirdly,  if  the  bed  contain  the  remains  of  animals  such  as 
now  people  the  ocean,  we  know  that  it  is  "  marine  "  in  its  origin, 
and  that  it  is  a  fragment  of  an  old  sea-bottom. 

We  can,  however,  often  determine  the  conditions  under  which  a 
bed  was  deposited  with  greater  accuracy  "than  this.    If,  for  example, 
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the  fossils  are  of  kinds  resembling  the  marine  animals  now  inhabiting 
shallow  waters,  if  they  are  accompanied  by  the  detached  relics  of 
terrestrial  organisms,  or  if  they  are  partially  rolled  and  broken,  we 
may  conclude  that  the  fossiliferous  deposit  was  laid  down  in  a 
shallow  sea,  in  the  immediate  vicinity  of  a  coast -line,  or  as  an 
actual  shore-deposit.  If,  again,  the  remains  are  those  of  animals 
such  as  now  live  in  the  deeper  parts  of  the  ocean,  and  there  is  a  very 
sparing  intermixture  of  extraneous  fossils  (such  as  the  bones  of  birds 
or  quadrupeds,  or  the  remains  of  plants),  we  may  presume  that  the 
deposit  is  one  of  deep  water.  In  other  cases,  we  may  find,  scattered 
through  the  rock,  and  still  in  their  natural  position,  the  valves  of 
shells  such  as  we  know  at  the  present  day  as  living  buried  in  the 
sand  or  mud  of  the  sea-shore  or  of  estuaries.  In  other  cases,  the 
bed  may  obviously  have  been  an  ancient  coral-reef,  or  an  accumula- 
tion of  social  shells,  like  Oysters.  Lastly,  if  we  find  the  deposit  to 
contain  the  remains  of  marine  shells,  but  that  these  are  dwarfed  of 
their  fair  proportions  and  distorted  in  figure,  we  may  conclude  that 
it  was  laid  down  in  a  brackish  sea,  such  as  the  Baltic,  in  which  the 
proper  saltness  was  wanting,  owing  to  its  receiving  an  excessive 
supply  of  fresh  water. 

In  the  preceding,  we  have  been  dealing  simply  with  the  remains 
of  aquatic  animals,  and  we  have  seen  that  certain  conclusions  can 
be  accurately  reached  by  an  examination  of  these.  As  regards  the 
determination  of  the  conditions  of  deposition  from  the  remains  of 
aerial  and  terrestrial  animals,  or  from  plants,  there  is  not  such  an 
absolute  certainty.  The  remains  of  land-animals  would,  of  course, 
occur  in  "  sub-aerial  "  deposits — that  is,  in  beds,  like  blown  sand, 
accumulated  upon  the  land.  Most  of  the  remains  of  land-animals, 
however,  are  found  in  deposits  which  have  been  laid  down  in  water, 
and  they  owe  their  present  position  to  having  been  drowned  in  rivers 
or  lakes,  or  carried  out  to  sea  by  streams.  Birds,  flying  Reptiles, 
and  flying  Mammals  might  also  similarly  find  their  way  into  aqueous 
deposits  ;  but  it  is  to  be  remembered  that  many  Birds  and  Mammals 
habitually  spend  a  great  part  of  their  time  in  the  water,  and  that 
these  might  therefore  be  naturally  expected  to  present  themselves 
as  fossils  in  Sedimentary  rocks.  Plants,  again,  even  when  undoubt- 
edly such  as  must  have  grown  on  land,  do  not  prove  that  the  bed 
in  which  they  occur  was  formed  on  land.  Many  of  the  remains  of 
plants  known  to  us  are  extraneous  to  the  bed  in  which  they  are  now 
found,  having  reached  their  present  site  by  falling  into  lakes  or 
rivers,  or  being  carried  out  to  sea  by  floods  or  gales  of  wind.  There 
are  however,  many  cases  in  which  plants  have  undoubtedly  grown 
on  'the  very  spot  where  we  now  find  them.  Thus  it  is  now  gener- 
ally admitted  that  the  great  coal-fields  of  the  Carboniferous  age  are 
the  result  of  the  growth  w  situ  of  the  plants  which  compose  coal, 
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and  that  these  grew  on  vast  marshy  or  partially  submerged  tracts  of 
level  alluvial  land.  We  have,  moreover,  distinct  evidence  of  old 
land-surfaces,  both  in  the  Coal-measures  and  in  other  cases  (as, 
for  instance,  in  the  well-known  "  dirt-bed "  of  the  Purbeck  series). 
When,  for  example,  we  find  the 
erect  stumps  of  trees  standing  at 
right  angles  to  the  surrounding 
strata,  we  know  that  the  surface 
through  which  these  send  their 
roots  was  at  one  time  the  surface 
of  the  dry  land,  or,  in  other  words, 
was  an  ancient  soil  (fig.  17). 

Conclusions  as  to  Climate. 
— In  many  cases  fossils  enable  us 
to  come  to  important  conclusions 
as  to  the  climate  of  the  period  in 
which  they  lived,  but  only  a  few 
instances  of  this  can  be  here  ad- 
duced. As  fossils  in  the  majority 
of  instances,  are  the  remains  of 
marine  animals,  it  is  mostly  the 
temperature  of  the  sea  which  can 
alone  be  determined  in  this  way ; 
and  it  is  important  to  remember 
that,  owing  to  the  existence  of 
heated  currents,  the  marine  cli- 
mate of  a  given  area  does  not  ne- 
cessarily imply  a  correspondingly 

warm  climate  in  the  neighbouring  land.  Land-climates  can  only  be 
determined  by  the  remains  of  land-animals  or  land-plants,  and  these 
are  comparatively  rare  as  fossils.  It  is  also  important  to  remember 
that  all  conclusions  on  this  head  are  really  based  upon  the  present 
distribution  of  animal  and  vegetable  life  on  the  globe,  and  are 
therefore  liable  to  be  vitiated  by  the  following  considerations  : — 

a.  Most  fossils  are  extinct,  and  it  is  not  certain  that  the  habits  and 
requirements  of  any  extinct  animal  were  exactly  similar  to,  or  even 
at  all  resembling,  those  of  its  nearest  living  relative. 

b.  When  we  get  very  far  back  in  time,  we  meet  with  groups  of 
organisms  so  unlike  anything  we  know  at  the  present  day  as  to 
render  all  conjectures  as  to  climate  founded  upon  their  supposed 
habits  more  or  less  uncertain  and  unsafe. 

c.  In  the  case  of  marine  animals,  we  are  as  yet  very  far  from 
knowing  the  exact  limits  of  distribution  of  many  species  within  our 
present  seas  ;  so  that  conclusions  drawn  from  living  forms  as  to 
extinct  species  are  apt  to  prove  incorrect.    For  instance,  it  has 


Fig.  17. — Erect  Tree  containing  Reptilian 
remains.  Coal-measures,  Nova  Scotia.  (After 
Dawson.) 
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recently  been  shown  that  many  shells  formerly  believed  to  be  con- 
fined to  the  arctic  seas  have,  by  reason  of  the  extension  of  polar 
currents,  a  wide  range  to  the  south ;  and  this  has  thrown  doubt 
upon  the  conclusions  drawn  from  fossil  shells  as  to  the  arctic  con- 
ditions under  which  certain  beds  were  supposed  to  have  been  de- 
posited. 

d.  The  distribution  of  animals  at  the  present  day  is  certainly 
dependent  upon  other  conditions  beside  climate  alone ;  and  the 
causes  which  now  limit  the  range  of  given  animals  are  certainly 
such  as  belong  to  the  existing  order  of  things.  But  the  establish- 
ment of  the  present  order  of  things  does  not  date  back  in  many 
cases  to  the  introduction  of  the  present  species  of  animals.  Even 
in  the  case,  therefore,  of  existing  species  of  animals,  it  can  often  be 
shown  that  the  past  distribution  of  the  species  was  different  formerly 
to  what  it  is  now,  not  necessarily  because  the  climate  has  changed, 
but  because  of  the  alteration  of  other  conditions  essential  to  the 
life  of  the  species  or  conducing  to  its  extension. 

Upon  the  whole,  therefore,  it  would  seem  that  conclusions  as  to 
the  climate  of  any  particular  area  at  any  given  point  of  geological 
time  must  be  accepted  with  considerable  caution,  unless  in  cases 
where  there  happens  to  be  direct  physical  evidence  of  an  arctic 
climate.    It  has,  in  fact,  been  even  questioned  that  there  existed 
marked  differences  in  the  climate  of  different  regions  of  the  earth  in 
the  earlier  periods  of  the  earth's  history.    Rather,  it  has  been  held 
that  in  ancient  geological  times  an  equable  temperature  reigned 
over  the  whole  globe,  as  the  result  of  a  relatively  high  internal 
terrestrial  heat,  the  earth's  surface  and  the  air  being  thus  main- 
tained at  a  temperature  sufficiently  high  to  render  the  influence  of 
the  sun's  rays  of  comparatively  little  importance.    On  this  view  it 
was  supposed  that  it  was  only  when  the  earth's  internal  heat  had 
been  largely  dissipated  by  radiation,  that  climatic  zones  were  devel- 
oped •  the  temperature  of  each  region  coming  ultimately  to  depend 
mainly  upon  the  amount  of  heat  which  it  might  receive,  directly  or 
indirectly,  from  the  sun.    The  change  from  the  one  condition  of 
things  to  the  other  was  usually  supposed  to  have  corresponded,  in 
a  general  way,  with  the  commencement  of  the  Tertiary  period. 

Apart  however,  from  the  inherent  improbabilities  attaching  to  this 
theory— so  far,  at  any  rate,  as  concerns  the  periods  subsequent  to  the 
introduction  of  animal  and  vegetable  life  upon  the  globe--it  has 
been  shown  by  Professor  Neumayr  that  the  existence  of  definite 
climatic  zones  can  be  demonstrated,  by  the  ^^ence  of  fossils  m 
neriods  at  least  as  ancient  as  the  Jurassic.  As  regards  the  Palae- 
ozoic period,  the  principal  argument  for  the  assumption  that  the 
ea^h  enjoyed  a  uniformly  high  temperature,  as  pointed  out  by 
Neumayr  is  that  the  Paleozoic  animals,  even  in  northern  latitudes. 


CONCLUSIONS  TO  BE  DRAWN  FROM  FOSSILS.         8 1 


are  often  more  nearly  related  to  types  now  living  in  the  tropics  than 
to  any  others.  As  regards  certain  types — such  as  the  ancient  and 
persistent  genus  Natttilus — some  weight  may  be  reasonably  attached 
to  this  argument.  Another  argument  for  the  assumed  uniformity  of 
climate  in  Palaeozoic  time  may  be' based  upon  the  extraordinarily 
wide  range  in  space  of  many  Palaeozoic  types  of  animals.  Upon 
the  whole,  however,  the  Palaeozoic  animals  differ  so  widely  from 
their  nearest  living  relatives  as  to  render  it  very  hazardous  to  base 
on  their  supposed  habits  of  life  any  decided  conclusions  as  to  Pale- 
ozoic climate.  Much  the  same  may  be  said  with  regard  to  the 
argument  in  favour  of  a  very  uniform  and  widely  spread  warm- 
temperate  climate  during  Carboniferous  times,  based  upon  the  ex- 
tension of  the  predominant  Coal-plants  to  high  northern  latitudes. 

Taken  collectively,  our  knowledge  would  rather  go  to  show  that 
considerable  variations  in  climate  have  occurred  in  all  periods  sub- 
sequent to  the  appearance  of  living  beings  upon  the  earth.  Thus, 
there  is  more  or  less  weighty  evidence  in  favour  of  the  occurrence 
of  Glacial  periods  in  various  of  the  older  formations,  beginning  as 
early  as  the  Cambrian  period.  In  Mesozoic  time,  certainly,  the 
evidence  adduced  by  Neumayr,  Marcou,  and  Trautschold  seems  to 
show  conclusively  that  different  regions  of  the  earth  enjoyed,  as 
they  do  at  present,  different  climates.  The  first  of  these  observers, 
in  particular,  has  shown  that  a  study  of  the  animal  life  of  the  Jurassic 
deposits  of  the  north  hemisphere  would  support  the  conclusion  that 
there  existed  during  the  Jurassic  period  three  well-marked  climatic 
zones— one  boreal,  one  temperate,  and  one  subtropical — and  that 
t\vo  of  these,  at  any  rate,  can  be  recognised  in  the  south  hemi- 
sphere also. 
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CHAPTER  VI. 

RELATIONS  OF  PALEONTOLOGY  TO  GEOLOGY  AND 
BIOLOGY— METHODS  OF  PALEONTOLOGY— CLASSI- 
FICATION OF  THE  ANIMAL  KINGDOM. 

In  more  than  one  of  its  aspects,  Palaeontology  stands  in  an  intimate 
relation  with  Geology.  Thus,  so  far  as  it  is  concerned  with  investi- 
gating the  mode  of  life  and  distribution  in  space  of  fossil  organisms, 
Palceontology  becomes  directly  connected  with  the  physiographical 
side  of  Geology.  From  another  point  of  view,  in  so  far  as  it  m- 
vestigates  the  relations  of  fossil  organisms  to  time,  Palaeontology 
becomes  closely  interwoven  with  Historical  or  Stratigraphical  Ge- 
ology. In  all  its  fundamental  aspects,  however.  Paleontology  is 
essentially  a  branch  of  constituting  a  branch  of  Zx)olop 

where  it  deals  with  animals,  and  of  Botany  in  so  far  as  it  deals  with 
plants.  Palaeontology,  therefore,  may  be  properly  divided  mto  the 
two  departments  of  "  Pateozoology "  and  "  Palaeobotany."  The 
principal  ground  for  the  use  of  the  separate  term  "  Palaeontology, 
as  distinct  from  "Zoology"  and  "Botany,"  is  simply  that  m  study- 
ing extinct  organisms  we  have  to  take  into  account  the  time  at  tvhtch 
these  lived.  It  is  therefore  the  element  of  time,  and  that  alone, 
which  entides  us  to  speak  of  Paleontology  as  an  mdependent 
science 

The  methods  of  pateontological  study  are  precisely  the  same  as 
those  of  Zoology  and  Botany.  It  is  true  that  the  earlier  paleontol- 
ogists attached  a  certain  importance  to  the  age  of  a  fossil,  as  bearing 
upon  the  determination  of  its  affinities,  and  that  it  was  sometimes 
assumed  that  fossils  from  deposits  of  different  geological  ages  were 
necessarily  referable  to  different  specific  types.  At  the  present  day, 
however  it  is  recognised  that  the  systematic  position  and  relation- 
S  of  -  extincf  organism  must  be  setded  by  an  appeal  to  its 
Zphological  characters,  altogether  or  to  a  great  extent  respective 
of  he  age  of  the  deposit  in  which  it  occurs.    The  zoologist  and  the 
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botanist  similarly  rely  essentially  upon  Morphology  in  the  determina- 
tion of  the  relations  of  animals  and  plants ;  and  there  is,  therefore, 
no  real  difference  in  the  methods  of  study  employed,  whether  the 
organisms  under  examination  be  living  or  extinct. 

In  some  respects,  however,  the  zoologist  has  a  great  advantage 
over  the  palaeontologist.  The  student  of  living  beings  can  investi- 
gate the  entire  organism,  the  soft  parts  as  well  as  the  hard ;  and  he 
can  also  study  the  "development"  of  the  organism,  and  by  tracing 
it  through  its  early  stages  can  discover  how  it  came  to  assume  its 
adult  characters.  The  student  of  fossil  organisms,  on  the  other 
hand,  is  restricted,  with  the  rarest  exceptions,  to  an  investigation  of 
the  hard  parts  only.  The  conclusions  of  the  palaeontologist  as  to 
the  characters  and  affinities  of  fossil  animals  are  necessarily  based 
upon  a  study  of  the  skeletal  structures,  from  which  the  characters 
of  the  soft  parts  have  to  be  inferred.  Moreover,  it  commonly 
happens  that  even  the  hard  parts  of  the  animal  have  been  im- 
perfectly preserved,  and  that  the  object  to  be  studied  is  a  mere 
fragment  of  the  skeleton,  from  which  all  the  soft  tissues  have  been 
removed.  Again,  it  is  only  in  exceptional  cases  that  we  have  any 
means  of  making  ourselves  acquainted  with  the  development  of 
fossil  animals.  Considering  the  generally  fragmentary  character  of 
the  objects  with  which  the  palteontologist  has  to  deal,  and  the  almost 
invariable  absence  in  fossils  of  any  traces  of  the  soft  parts  of  the 
organism,  it  might  be  supposed  that  the  study  of  fossils  was  attended 
with  insuperable  difficulties.  The  most  serious  of  these  difficulties 
are,  however,  overcome  by  means  of  the  law  of  the  "  correlation  of 
organs,"  the  estabHshment  of  which  by  the  illustrious  Cuvier  marks 
an  era  in  palseontological  science. 

Stated  in  its  most  general  form,  the  law  of  the  correlation  of 
organs  is  the  law  that  all  the  parts  of  an  organism  stand  in  some 
relation  to  one  another,  the  form  and  characters  of  each  part  being 
more  or  less  closely  dependent  on,  and  connected  with,  the  form 
and  characters  of  all  the  rest.  In  other  words,  an  organism  is  not  a 
fortuitous  collocation  of  unrelated  parts,  but  is  composed  of  mutually 
adapted  and  related  organs,  the  possession  of  any  given  organ,  there- 
fore, implying  the  possession  of  other  "  correlated  "  organs.  Thus, 
the  possession  of  mammary  glands  is  "  correlated  "  with  the  posses- 
sion of  two  occipital  condyles  and  of  a  simple  mandible ;  a  stomach 
adapted  for  rumination  is  correlated  with  the  possession  of  only  two 
functional  toes  to  the  foot,  and  the  absence  of  the  central  upper 
mcisors ;  an  inflected  angle  of  the  lower  jaw  is  usually  correlated  with 
the  possession  of  "  marsupial  bones  "  or  "  marsupial  cartilages  "  ;  a 
covering  of  feathers  is  correlated  (in  living  forms)  with  saddle-shaped 
faces  to  the  bodies  of  the  cervical  vertebrje.  From  the  above  ex- 
amples it  will  be  evident  that,  by  means  of  the  law  of  correlation,  it 
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is  often  possible  to  infer  from  an  isolated  organ  or  structure  the  es- 
sential characters  of  the  remainder  of  the  organism.   Thus,  if  we  were 
acquainted  with  no  other  part  of  some  animal  than  its  skull  alone, 
and  if  we  found  that  that  skull  possessed  two  occipital  condyles,  and 
that  each  half  of  the  lower  jaw  was  composed  of  a  single  piece,  we 
should  be  justified  in  concluding  that  the  animal  to  which  the  skull 
belonged  possessed  mammary  glands.    We  should  also  be  justified 
in  inferring  many  other  facts  about  it,  as,  for  example,  that  it  pos- 
sessed (or  might  have  possessed)  a  hairy  covering  to  the  body,  that 
its  blood  was  hot,  and  that  it  possessed  non-nucleated  red  blood- 
corpuscles.    Similarly,  if  we  met  with  a  mammalian  lower  jaw,  the 
angle  of  which  was  bent  inwards,  or  "  inflected,"  we  should  have 
a  strong  presumption  that  the  animal  to  which  it  belonged  possessed 
"  marsupial  bones  "  or  cartilages  on  the  brim  of  the  pelvis,  and  that 
the  young  were  born  in  a  very  imperfect  state  of  development.  It 
follows  from  what  has  been  already  said,  that  the  law  of  the  correla- 
tion of  organs  plays  a  most  important  part  in  palsontological  inves- 
tigation, enabling  the  observer  to  more  or  less  completely  "  recon- 
struct "  an  extinct  organism  by  means  of  its  fragmentary  remains.  It 
is  to  be  remembered,  however,  that  the  law  is  a  purely  empirical  one, 
and  expresses  nothing  more  than  the  result  of  experience ;  so  that 
structures  which  we  now  know  only  as  occurring  in  association  may 
ultimately  be  found  separate,  and  conjoined  with  structures  of  a 
different  character.^    Moreover,  it  is  to  be  borne  in  mind  that  in  any 
two  correlated  structures  it  is  not  that  each  is  correlated  with  the 
other  but  that  one  of  the  two  is  correlated  with  the  other.    That  is 
to  say,  of  any  two  correlated  organs,  A  and  B,  it  may  be  true  that  A 
is  never  found  without  B,  but  it  does  not  follow  that  B  may  not 
occur  without  A.    Thus,  the  presence  of  a  stomach  adapted  for 
"  rumination  "  is  invariably  associated  (in  living  types)  with  an  im- 
perfect development  of  the  incisors  of  the  upper  jaw,  the  central 
upper  incisors  being  always  wanting;  but  it  is  not  the  case  that  an 
incomplete  condition  of  the  upper  incisors,  or  the  absence  of  the 
central  ones,  is  necessarily  correlated  with  the  habit  of  chewing  the 
cud     The  proper  way  of  putting  the  case  is  to  assert  that  certain 
structures  (A)  are  never  found  apart  from  other  structures  (B),  though 
the  latter  may  be  present  without  the  former.    When,  therefore,  we 
find  a  lower  jaw  having  its  angle  "  inflected,"  we  may,  with  our 
present  knowledge,  assert  that  the  animal  to  which  that  jaw  belonged 
probably  possesfed  "marsupial  bones"  or  "  "wsupial  carti  ages 
upon  the  brim  of  the  pelvis;  although  the  presence  o   a  ce  tain 
amount  of  inflection  in  the  jaws  of  some  Insectivora  would  preclude 

Tm^^^  the  ya'Li  under  the  head  of  a.aHco^^.erum. 
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our  making  this  assertion  absolutely  positive.  If,  however,  we  were 
to  find  a  pelvis  with  marsupial  bones,  we  should  not  be  justified  in 
asserting  that  the  owner  of  the  same  must  have  possessed  an  in- 
flected angle  to  the  lower  jaw.  On  the  contrary,  we  know  that  such 
an  assertion  would  be  erroneous,  since  the  "  marsupial  bones  "  are 
present  in  the  Monotremes,  in  which  the  angle  of  the  jaw  has  its 
usual  form. 

Classification  of  the  Animal  Kingdom. 

Vast  as  is  the  number  of  known  animals,  all,  whether  living  or 
extinct,  may  be  classed  under  a  limited  number  of  primary  divisions 
or  "morphological  types,"  which  are  technically  spoken  of  as  the 
"  sub-kingdoms."  There  are  also  certain  groups  of  animals  (the 
Molluscoids  and  Tunicates)  which  have  not  the  value  of  "  sub- 
kingdoms,"  but  which  are  so  far  separated  by  their  characters  from 
their  nearest  relatives  that  it  is  expedient  in  the  meanwhile  to  treat 
them  as  constituting  distinct  divisions  of  the  animal  kingdom.  All 
the  animals  in  any  one  sub-kingdom  agree  with  one  another  in  their 
structural  type,  or  in  the  fundamental  plan  upon  which  they  are  con- 
structed, and  they  differ  from  one  another  simply  in  the  modifications 
of  this  common  plan.  Two  animals  belonging  to  different  sub-king- 
doms may  be  rendered  closely  similar  to  one  another  as  the  result  of 
similar  adaptive  modifications,  but  no  amount  of  physiological  like- 
ness will  counterbalance  or  efface  the  morphological  unlikeness  due 
to  the  fact  that  each  is  constructed  upon  an  essentially  different 
ground-plan.  As  the  animals  belonging  to  any  given  sub-kingdom 
are  separated  solely  by  the  characters  due  to  varying  modifications 
of  a  common  morphological  type,  it  is  possible  to  arrange  the  mem- 
bers of  each  in  an  approximately  linear  series,  in  which  the  lowest 
members  most  closely  approach  the  primitive  or  ideal  form  of  the 
sub-kingdom,  while  the  highest  exhibit  the  greatest  amount  of  com- 
plexity and  specialisation  of  this  type.  But  it  is  not  possible  to 
establish  any  such  linear  classification  for  the  animal  kingdom  as  a 
whole.  Given  an  animal  of  a  lower  "  sub-kingdom  "  than  another 
animal,  no  amount  of  complexity,  no  specialisation  of  organisation, 
can  raise  the  former  above  the  latter.  The  one  may  be  the  result  of 
the  high  evolution  of  a  low  morphological  type,  the  other  may  be  the 
result  of  the  low  evolution  of  a  higher  morphological  type,  but  the 
superiority  of  the  ground-plan  gives  the  latter  the  higher  place.  It  is 
obvious,  therefore,  that  a  linear  classification  is  not  possible ;  since 
the  higher  members  of  each  sub-kingdom  are  more  highly  organised 
than  the  lower  forms  of  the  next  sub-kingdom  in  the  series,  at  the 
same  time  that  they  are  constructed  upon  a  lower  morphological 
type. 
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It  is,  in  fact,  clear  that  a  pictorial  representation  of  the  different 
groups  of  the  animal  kingdom,  in  the  order  of  their  natural  alliances, 
would  not  exhibit  a  series  of  regularly  ascending  steps,  but  would 
have  the  form  of  a  branched  and  ramified  genealogical  tree.  Such 
a  tree  would  exhibit  one  main  stem,  which  would  give  origin  to  nu- 
merous lateral  stems.  These  latter  would,  in  turn,  subdivide,  some 
branches  ascending  in  the  course  of  their  development,  while  others, 
as  the  result  of  degeneration,  would  descend. 

The  terms  "  class,"  "  order,"  "  genus,"  "  sub-genus,"  "  species," 
and  "  variety,"  are  employed  by  the  palaeontologist  in  precisely  the 
same  sense,  and  with  precisely  the  same  limitations,  as  by  the  zoolo- 
gist.   We  must  notice,  however,  that  a  palaontological "  species  "  has 
not  always  or  necessarily  the  same  value  as  that  which  a  zoological 
species  ought  invariably  to  possess.    This  arises  from  the  fact  that 
the  determination  of  fossil  species  is,  almost  without  exception,  based 
solely  upon  the  characters  of  the  hard  parts  of  the  animal — these, 
also,  being  often  but  imperfectly  preserved.    A  fossil  species,  there- 
fore, cannot,  from  the  nature  of  things,  be  as  thoroughly  defined  as  a 
living  one  ;  and  it  is  both  possible  and  probable  that  variations  in  the 
form  of  the  skeleton,  especially  if  an  integumentary  one,  may  often 
depend  upon  mere  individual,  sexual,  or  local  pecuharities,  which 
could  be  at  once  discovered  in  the  case  of  living  forms,  but  which 
can  hardly  be  detected  as  regards  extinct  types.    Moreover,  there  is 
a  practical  inconvenience  attending  the  use  of  the  terms  "  variety  " 
and  "  sub-genus  "  in  palaeontology,  which  is  not  found  in  zoology, 
owing  to  the  very  different  nature  of  the  working  material  of  these 
two  sciences.    Many  palaeontologists,  therefore,  prefer,  as  we  think 
rightly,  to  follow  the  general  practice  of  giving  distinct  names  to 
"  varieties  "  and  "  sub-genera,"  thus  practically  raising  them  to  the 
rank  of  "  species  "  and  "  genera  "  ;  and  this  practice  can  hardly  be 
injurious  if  accompanied  with  the  well-understood  reservation  that 
this  is  done  as  a  matter  of  convenience  only,  and  that  a  somewhat 
wider  and  looser  signification  is  to  be  given  to  the  terms  "  species  " 
and  "  genus  "  in  paleontology  than  would  be  admissible  in  zoolog}'. 
At  the  same  time,  this  practice  may  be,  and  has  been,  carried  too 
far  •  and  in  the  case  of  very  variable  or  "  protean  "  species,  it  is  cer- 
tair^ly  advisable  to  adhere  to  the  plan  usually  adopted  by  British 
paleontologists— namely,  to  define  the  species  by  its  central  type, 
and  to  group  the  variable  forms  under  this  type  as  varieties  As 
a  general  definition,  however,  of  what  is  understood  in  palaeon- 
tology as  a  species,  we  may  follow  Zittel.     This  distinguished 
naturalist  defines  a  paleontological  "  species "  as  comprising  all 
those  individuals,  or  remains  of  individuals,  which  possess  in  com- 
mon an  assemblage  of  constant  characters  and  which  _  cons  itute 
Sllectively  a  distinctly  circumscribed  morphological  series  ("For- 
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menkreis  "),  apart  from  all  considerations  relating  to  their  range  in 
time  and  in  space."  Such  a  series  may  be  connected  by  transitional 
forms  with  other  morphological  groups  without  losing  its  claim  to  be 
considered  as  constituting  a  "  species,"  provided  the  series  does  not 
shade  off  in  all  directions  into  allied  groups. 

The  following  synoptical  table  gives  the  leading  divisions  of  the 
animal  kingdom,  with  typical  examples  of  each.  Forms  marked 
with  an  asterisk  are  extinct,  and  are  only  known  in  the  fossil 
condition  : — 

TABULAR  VIEW  OF  THE  CHIEF  DIVISIONS  OF  THE 
ANIMAL  KINGDOM. 

INVERTEBRATE  ANIMALS. 

SUB-KINGDOM  I.— PROTOZOA. 

CLASS  I.— GREGARINIDA. 

Gi-egarina,  Monocystis.    No  fossil  fomis  of  this  class  exist. 

CLASS  II.— RHIZOPODA. 

.    Protamccba.    No  fossil  forms. 
.    Amaba,  Difflttgia,  Arcella.    No  fossil  forms. 
Gromia,    Biloailina,    Saccammina,  Lituola, 
Texhdaria,  Lagena,   Globigerina,  Rotalia, 
*  Orbitoides,  Numnmlina. 
.    Thalassicolla,  Acanthometra,  Podocyrtis,  Eucyr- 
tidiiim. 

.    Actinophrys,     Actinosphmrium.      No  fossil 
forms. 

CLASS  III.— INFUSORIA. 

.    Paramecium.    No  fossil  forms. 
.    Acineta.    No  fossil  forms. 
Codosiga.    No  fossil  forms. 
Cerathim,  Periditiiwii.    Doubtful  fossil  repre- 
sentatives are  known. 


1.  MONERA 

2.  Amcebea 

3.  foraminifera  . 


4.  Radiolaria 

5.  Heliozoa  . 


1.  CiLIATA 

2.  suctoria  . 

3.  Flagellata 

4.  Cilio-flagellata 


SUB-KINGDOM  II.— PORIFERA. 


CLASS  I.— PLETHOSPONGI.ffi. 

1.  Myxospongi.^;    .       .       .    Halisarca.    No  fossil  forms. 

2.  CeratospongI/€  .       .       .    Euspongia.    Fossil  representatives  of  doubtful 

occurrence. 

3.  MoNACTiNELLiD^      .       .    Spougilla,  Clio7ta,  * Scoliorhaphis. 

4.  Tetractinellid^     .       .    Telhya,  Geodia,  Pachastrella,  *  Tethyopsis. 

5.  LiTHiSTiD/E       .       .       .    Discodermia,      Corallistes,      *  Chenendopora, 

*  Doryderma,     *  Atdocopium,      *  Siphotiia, 

*  Jerea,  *  A stylospongia. 

6.  Hexactinellid.^      .       .    HoUenia,    Euplectella,  Hyaloiiema,  *  Ventri- 

culites, *  Protospongia,  *  Cccloptychitim. 
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7.  *octactinellid,^: 

8.  *Heteractinellid^ 


A  strmospongia. 
Tholiasterella,  Asteractiiulla. 


1.  homoccela 

2.  Heteroccela 


CLASS  II.— CALCISPONGI^. 

.  Leiicosolenia.  No  fossil  forms  known.  ( =  As- 
cones  of  Haeckel). 
Grantia,  Sycon,  *  Protosycon  ( —  Sycones  of  Haec- 
kel), Lenconia,  Leucandra,  &c.  {■=■  Lcucones 
of  Haeckel),  *  Coiyitella,  * Sestrostomella, 
*  Pharetrospongia  {Phaj-eirottes) . 


SUB-KINGDOM  III.— CCELENTERATA. 
CLASS  I.— HYDROZOA. 


1.  Hydrida  . 

2.  corynida  . 

3.  Thecaphora 


4.  Trachymedus^ 


Sub-class  I.— Hydroida  (Hydroid  Zoophytes). 

.    Hydra.    No  fossil  forms. 
.    Coryne,  Tuhnlaria,  Hydraciinia,  *  Parkeria. 
.    Sertularia,  Pluvmlaria,  Cainpanularia,  *  Deii- 

drograplus  {?),  *  Callograptus  {?). 
.    Trachyncma,  ^Egina,  *  Palcsgina. 


1.  Calycophorid^ 

2.  Physophorid>e  . 


Sub-class  II.— Siphonophora. 

.  Diphyes.  No  fossil  forms. 
.    Physalia.    No  fossil  forms. 

Sub-class  III. — Lucemarida. 

I.  Calycozoa  ....    Lucernaria.    No  fossil  forms. 
2'.  Acraspeda  (Discophora)  .    Aurelia,  RJiizosloma,  * Rhizostoviites. 

*  Sub-class  IV.— Graptolitoidea. 

.    Monograptiis,  Didymograptus,  Tetragj-aptus. 


MONOPRIONID^ 
DlPRIONID^ 


Milleporidee 
Stylasterid£e 
*  Syringosph£erid£e 


Diplograptus,  Climacograptus,  Retiolites,  Phyl- 
logi'aptus. 

Sub-class  v.— Hydrocorallinse. 

.    Millepora,  *  Axopora. 
.    Sty  luster,  Allopora. 

Syringosphcera,  Stoliczkaria. 


*  Sub-class  VI. — Stromatoporoidea. 

Stromatopora,  Adinostroma,  Labechia. 

CLASS  II.— ACTINOZOA. 


I.  Zoantharia. 

A.  Actiniaria  (Zoantharia 

malacodermata)  . 

B.  Antipatharia  (Zoantha- 

ria sclerobasica) 

C.  Madreporaria  (Zoantha- 

ria sclerodermata). 
a.  Aporosa 


b.  Rugosa 


Actinia.    No  fossil  forms. 
Antipathes. 

Ttirbinolia,  Oculina,  Pocillopora,  Maandrina, 
*  Columttaria,  *  Stauria,  *  Holocystis,  Mose- 
leya. 

*  Cyathophylhim,  *Zaphrentis,  * Cystiphyllum. 
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c.  Fungida 

d.  Perforata 

2.  Alcyonaria 

a.  Haimeidre 

h.  Cornulariadse 

c.  Alcyonidre  . 

d.  Pseudaxonia  . 

e.  Tubiporidse  . 
/.  Helioporidse 

g.  Gorgonidre  . 

h.  Pennatulidns  . 

i.  *  Heliolitidse . 
J.  *  Halysitidre  . 
k.  *Tetradiid£e  . 
/.  *Ch8etetidse  . 
m.  *Auloporid£e 

3.  *  MONTICULIPOROIDEA 

a.  Monticuliporidre 

b.  Fistuliporidfe 

4.  Ctenophora 


Fungia,  *  Auabacia. 
Madrepora,  Porites,  *  Favosites, 
*  Thecia. 


*  Syringopora, 


Monoxenia,  Hartea.    No  fossil  forms. 
.    Coi-mdaria.    No  fossil  forms. 
.    Alcyonum.    No  fossil  forms. 

Corallium,  Mopsea. 
.    Tubipora.    No  fossil  forms. 
.  Ileltopora. 

.    Gorgonia,  Gorgonella,  Isis,  Primnoa. 
.    Pennatula,  *  Graphularia. 
.    HelioUtes,  Plasmopora. 
.  Halysites. 

Tetradium, 

Chatetes. 
.    Aiilopora,  Cladochonus. 
(Zoological  affinities  uncertain). 
.  Moiiticulipora. 
.    Fistulipora,  Callopora. 
.    Plmrobrachia,  Beroe.    No  fossil  forms. 


SUB -KINGDOM  IV.— ECHINODERMATA. 
DIVISION  A.— ECHINOZOA. 
,  CLASS  I.— ECHINOIDEA. 


1.  *Palechinoidea 

2.  EUECHINOIDEA  '. 


.    Archaocidaris,  Bothriocidaris. 

.    Echinus,  Cidaris,  Spataitgus,  *  Echinoihuria. 

CLASS  II.— ASTEROIDEA. 


1.  *Encrinasteri^ 

2.  ASTERI/E  VERvE  . 


1.  euryalida 

2.  Ophiurida 


.    Palaasfer,  Petraster. 

Asterias,  Goniaster,  Solasler, 

CLASS  IIL— OPHIUROIDEA. 

.    Asterophyton,  *  Onychaster. 
Ophioglypha,  * Aspidura. 

CLASS  IV.— HOLOTHUROIDEA. 

Cucumaria,  Psolus. 

DIVISION  B.— PELMATOZOA. 
CLASS  L— CRINOIDEA. 


1.  *  Pal/eocrinoidea 

2.  Neocrinoidea  . 


1.  Aporitid^ 

2.  DiPLOPORITID/i 

3.  Rhombiferi 


1.  Regulares 

2.  Irregulares 


Actinocrinus,  Cyathocrimts. 
.    Pentacrintis,  *Eiicrinus,  Antedo7t. 

CLASS  IL— *CYSTOIDEA. 

Ciyptocrimts,  Agelacrimis. 
Glyptosphcerites,  Spharonites. 
EchinosphcBrites,  Caryocrimis. 

CLASS  III.— *BLASTOIDEA. 

Peiilremites,  Granatocrinus ,  Codaster, 
Astrocrinus,  EleiUlierocrinus. 
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SUB-KINGDOM  V.— ANNULOSA, 

DIVISION  I.— SCOLECIDA. 
CLASS  I.— PLATYELMIA  (Flat-worms). 

1.  T^ENIADA    ....     Taiiia.    No  fossil  forms. 

2.  Trematoda       .       .       .    Distoma.    No  fossil  forms. 
TuRBELLARiA     .       .       .    Planaria,  Nemertes.    No  fossil  forms. 


CLASS  II.— NEMATELMIA  (Round--wonns). 


I.  ACANTHOCEPHALA      .       .    Echinorhyiichns.    No  fossil  forms. 
2".  GoRDiACEA        .       .       .    Gordius.     No  fossil  forms. 
Nematoidea      .       .       .    Ascaris.    No  fossil  forms. 


CLASS  III.— ROTIFERA  (EOTATORIA). 

The  Wheel-animalcules  are  wholly  unknown  in  the  fossil  condition. 

DIVISION  II.— ANARTHROPODA. 

CLASS  I.— GEPHYREA  (Spoon-worms). 

With  the  very  doubtful  exception  of  the  Jurassic  genus  Epitrachys,  no  represen- 
tative of  the  Spoon-worms  is  known  in  the  fossil  condition.  Well-known 
recent  genera  are  Sipuncuhis  and  Echhinis. 

CLASS  II.— MYZOSTOMIDA. 

The  type-genus  is  Myzostoina.    (Recent  and  fossil). 
CLASS  III.— ANNELIDA  (Ringed-worms). 

T    TIirudinea        .       .       .    Sangiiisiiga,  Ckpsme.    No  fossil  forms. 

\'  OTfrocHiTA  .    Lnmbricus    (Earth-worm).      Not  certainly 

2.  Oligoch^.ta      .  ^^^^^  ^Q^dition. 

^"  TTuSa       .       .       .  SerpHla,Spirorbts,*Cormdites 

b.  Erranda       .       .       •    Nereis,  AphrodiU,  *Etmicites,  *Arabelhtes. 

CLASS  IV.— CHiETOGNATHA  (Arrow-worms). 

This  class  comprises  the  single  recent  genus  Sagitta,  and  has  no 
fossil  representatives. 

DIVISION  III.— ARTHROPODA. 
CLASS  I.-CRUSTACEA. 
Sub-class  I.— Anchoracephala. 

T    CIRRIPEDIA        .       .       .    Lepas   (Barnacle),    Balanus    (Acorn  -  shell), 

*  Turitlepas. 

2.  RHIZOCEPHALA   .       •       •    PeUogastcr,  Sacculina.    No  fossil  forms. 
Sub-class  II.— Entomostraca. 

Cvfiris  Cypridina,  *Beyrichia,  *Primitia. 

1.  OSTRACODA        .       .       •    "^cZloP    Lerncea,  Argtdus.    No  fossil  forms. 

2.  COPEPODA  .       .       •       •  No  fossil  forms. 

3.  Cladocera        .       •       •     J    E,theria,  Branchipus.  _ 

4.  PHYLLOPODA      •       •       •  )•     * ffy„,e„ocaris,  *Ceratiocarts,  *Dis- 

1:    PhYLLOCARIDA     .  •  > 

5.  inii-i-  cmocaris. 
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^•516.  *Tkilobita 

g,S  }  7.  XlPHOSUUA 
oS  (8.  *EURYPTERIDA  . 


Asaphus,  Calymene,  Illcenus. 
Liiiiuhts  (King-crab),  *Belhitims. 
Eiiryptents,  Pterygohis. 


1.  Amphipoda 

2.  ISOPODA 

3.  Stomatopoda 

4.  schizopoda 

5.  CUMACEA  . 

6.  Decapoda. 

a.  Macrura 
/).  Anomura 
c.  Brachyura 


Sub-class  III. — Malaoostraca. 

.     Taliirus,  Gainmarus,  * Prosoponisciis. 
.    Idotea,  Oniscus,  Serolis,  * Archmoniscus. 
.    Sqiiilla  (Locust-shrimp). 
.  My  sis  (Opossum-shrimp). 
.  Diastylis. 

.    Homarus  (Lobster). 
.    /Vjo-«n<j' (Hermit-crab). 
Cancer  (Crab). 


CLASS  II.— ARACHNIDA. 

PODOSOMATA  (Pycnogonida)  PyciiogoHum,  Nymphon.    No  fossil  forms. 
*Anthracomarti      .       .    Arthrolycosa,  Architarlms,  Anthracomartus. 


Acarina 

Adelarthrosomata 
Pedipalpi  . 
Araneida  . 


Acarus,  Ixodes,  Hydrachna. 
Phalangium,  Chelifer,  Galeodes. 
Scorpio,  *Palceopkonus,  * Proscorpius. 
Tegenaria,  Epeira,  * Protolycosa. 

CLASS  III.— MYRIOPODA. 


1.  Okychophora  . 

2.  Pauropoda 

3.  *  Protosyngnatha 

4.  Chilopoda. 

5.  *Archipolypoda 

6.  Diplopoda  (Chilognatha) 


Peripatus.  No  fossil  forms. 
Pauroptis.  No  fossil  forms. 
PalcBocampa. 

Scolopendra,  Litiiohitcs,  Geophihts. 
Archidesmus,  Euphoberia,  Archiulus,  Xylobius. 
Tuhts,  Polydesmiis. 


CLASS  IV.-INSECTA. 


1.  Anoplura 

2.  Mallophaga  . 

3.  collembola 

4.  Thysanura 

5.  *Pal.«odictyoptera 

6.  Rhynchota  (Hemiptera 

7.  Othoptera 

8.  Neuroptera. 

a.  Pseudoneuroptera 

b.  Neuroptera  Vera 

c.  Trichoptera 

9.  Aphaniptera 

10.  Diptera  . 

11.  Lepidoptera 

12.  Hymenoptera 

13.  .Strepsiptera 

14.  Coleoptera 


Pedicuhcs.    No  fossil  forms. 
Trichodectes.    No  fossil  forms. 
Podura. 

Lepisnia,  Petrobius. 

Eugereon,  Diciyoneura,  Palceoblattina. 

Nepa,  Cicada,  Notonecta. 

Blatta,  Mantis,  Gryllus,  (Edipoda,  Forficula. 

Libelltda,  Teriiies,  Ephemera. 
Myrmeleon,  Hemerobius,  Pano7pa. 
Phryganea,  Liinnophiltts. 
Pulex.    No  fossil  fonns. 
Culex,  Musca,  Tipiila. 
Vanessa,  Sphinx,  Bombyx. 
Apis,  Vespa,  Formica. 
Stylops,  *Tri(ena. 
Melolontha,  Carabus,  Cicindela. 


1.  Phylactol/emata 

2.  GYMNOL/EMATA. 

a.  Cyclostomata 


MOLLUSCOIDEA. 
CLASS  I.— POLYZOA. 
Sub-class  I. — Ectoprocta. 

.    Plumatella.    No  fossil  forms. 


Ttdmlipora,  Diasiopora, 
dictya. 


*■  Fenestella,  *  Ptilo- 
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b.  Cheilostomata       .       .    Cellepora,  Eschara,  Lepralia,  Flustra,  Bugicla. 

c.  Ctenostomata        .       .    Vesicularia,  Alcyonidiwn.    No  fossil  forms. 

Sub-class  II. — Entoprocta. 

Loxosoma,  Pedicellina.    No  fossil  forms. 

Sub-class  III.— Aspidophora. 

Rhahdopleura.  '  No  fossil  forms. 

CLASS  II.— BRACHIOPODA. 

1.  Inarticulata    .       .       .    CvMiia,  Discina,  Lingula,*  Lingulella,*  Aero- 

treta. 

2.  Articulata       .       .       .    Terebratnla,  Rhynchonella,  *Spirifera,  *S(ro- 

phomena,  *  Or  this,  *  Prodticta. 


SUB-KINGDOM   VI.— MOLLUSCA. 

CLASS  I.— LAMELLIBRANCHIATA  (CONCHIFERA  or  PELECYPODA). 

Osh-ea,  *  Gryp/tiza,  Anomia. 
Spondyhis,  Lima,  Pectcn. 
Avicida,  * Avicidopecten,  Mytilus,  Pinna. 
Area,  Pectuncuhis,  Nticula. 

*  Modiolopsis,  Trigonia,  Unio,  Astarte,  Crassa- 
tella. 

*  Erycina,  Galeomnia. 
Tridacna,  Cardinm,  *  Luntdicardium. 
Chama,  *  Diccras,  *  Caprina,  *  Hippurites. 

*  Megalodon,  Cyprina,  Venus,  Cyrena,  Psam- 
mobia,  Solcn,  Donax. 

Madra,  Mya,  Glycimeris,  Gastrochana. 
Pholas,  Teredo. 
Lucina,  Corbis. 
Tcllina,  Scrobicularia. 

Solemva.  Anatina,  Pholadomya,  ClavageUa. 


lo. 
II. 

12. 

13- 
14, 


Ostreacea 
Pectinacea 
Mytilacea 
Arcacea  . 
submytilacea 

Erycinacea 
Cardiacea 
Chamacea 
conchacea 

Myacea  . 
Adesmacea 
lucinacea 
Telllinacea 
Anatinacea 


CLASS  II.— GASTROPODA. 
Sub-Class  I.— Branchiogastropoda. 


PrOSOBRANCH  I  ATA 

Opisthobranchiata 
Pteropoda. 

a.  Gymnosomata 

b.  Thecosomata 
Heteropoda 


Bucciimin,  Stroinhus,  Littorina,  Natica,  *Mur- 

chisonia. 
Achvon,  Bulla,  Aplysia,  Doris. 

Clio,  Pneumodermon.    No  fossil  forms. 
Cavolinia,  Cleodora,  *  Hyolithes,  Tentacuhtes. 
Carinaria,  Atlanta. 


Sub-class  II.— Pulmogastropoda. 


Stylommatophora 
Basommatophora 


Helix,  Lirnax. 
Limnaa,  Planorbis. 


I.  Chitonid.^; 


Solenoconchia 


CLASS  III.— POLYPLACOPHORA. 

Chiton,  *  Helminthochiton. 

CLASS  IV.— SCAPHOPODA. 

.  Dentalium. 
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CLASS  v.— CEPHALOPODA. 

I    DIBRANCHIATA  .       .       ■    Loligo,  Sepia,  Spirula,  Octopus,  * Belemnites. 
2.  Tetrabranchiata    .       .    Nautilus,  *  Or t  hoc  eras,  *  Ammonites,  Bacu- 

lites. 


TUNICATA. 

[The  Tunicates  or  Ascidians  occupy  a  position  intei-mediate  between  Mollnsca 
and  Vertebrata.    No  fossil  forms  are  known,  except  in  late  Tertiary  deposits.] 


VERTEBRATE  ANIMALS} 


SUB-KINGDOM    VII —VERTEBRATA. 

CLASS  I.— LEPTOCARDIA. 

Pharyngobranchei      .       .    Branchlostoma  {Amphioxiis).    No  fossil  forms. 


Cyclostomi 

branchii  . 
Elasmobranchei. 

a.  *  Ichthyotomi 

/).  Selachii 

(1)  Tectospondyl 

(2)  Asterospondyli 

ChIM/€ROIDEI 

Dipnoi 

Ganoidei. 
a.  *  Cephalaspidea 
/).  *  Placodermata 

c.  *Acanthodea 

d.  Crossopterygea 

e.  Acipenseroidea 
/.  Lepidosteoidea 
g.  Amioidea 

Teleostei. 
a.  Physostomi  . 
6.  Anacanthini  . 
c.  Pharyngognathi 
(i.  Acanthopterygii 
e.  Lophobranchii 
/.  Plectognathi  . 


CLASS  IL— PISCES  (FISHES). 

(Marsipo- 


Myxine,  Petromyzoii.    No  fossil  forms. 

Pleuracanth  us. 

Cesiracion,  Lamna,  Sfinax. 
Squatina,  Raia. 
Chimara,  *  Ischiodiis. 
Lepidosireii,  Ceraiodits. 

Cephalaspis ,  Pteraspis. 
Ptei-ichthys,  Coccosteus. 
Acanthodes,  DiplacantJms. 
*  Holoptyclmis,  Polypteriis. 
Acipetiser,  *  Pahwniscjis. 
Lepidosteus,  *  Dapeditcs. 
Amia,  *  Cat2ti~iis. 

Salmo,  Esox,  Sihmis. 
Gadtis,  Rhombus. 
Labrax,  *  Phyllodus. 
Mugil,  Perca. 
Solenostonia,  Hippocampus. 
Batistes,  Diodon. 


CLASS  IIL— AMPHIBIA  (AMPHIBIANS). 


I.  *  Lauyrinthodontia. 
a.  Branchiosauria 
/Estopoda 

c.  Microsauria  . 

d.  Labyrinthodontia  Vera  . 


Protritou. 

Dolicliosoma,  Ophiderpeton. 
Urocordylus,  Ceraterpeton. 
A rchegosaunis,  Alastodotisattrus. 


The  classification  of  Vertebrate  Animals  here  followed  is,  in  the  main,  the 
one  which  has  been  adopted  in  the  latest  of  the  Catalogues  of  fossil  Vertebrates 
issued  by  the  Trustees  of  the  British  Museum. 
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2.  Apoda  (Ophiomorpha) 

3.  Caudata  (Urodela)  . 

4.  Ecaudata  (Anoura)  . 


Cacilia,  Siphonops.    No  fossil  forms. 
Molge,  Megalobatrachus. 
Raiia,  Bufo. 


CLASS  IV.— REPTILIA  (REPTILES). 


1.  *  Anomodontia. 

a.  Pariasauria 
/).  Theriodontia 
c.  Dicynodontia 
Group  Placodontia 

2.  *  Sauropterygia 


Chelonia. 

a.  Athecata 
Testudinata  or  Theca- 

phora 
"  Ichthyopterygia 

*  Proterosauria 
Rhynchocephalia. 

*  a.  Simcedosauria 

b.  Sphenodontina 

*  c.  Homffiosauria 
Squamata. 

a.  Lacertilia  . 
h.  Rhiptoglossa 

c.  *  Dolichosauria 

d.  *  Pythonomorpha 

e.  Ophidia 

*  DiNOSAURIA. 

n.  Ornithopoda 
/).  Theropoda  . 
c.  Sauropoda  . 
Crocodilia. 
a.  *  Aetosauria 
*  Parasuchia 
c.  Eusuchia 

*  Ornithosauria. 
a.  Pterosauria  . 
/).  Pteranodontia 
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Fariasaurtts,  Pariotichus. 
Galesauriis,  Clepsydrops. 
Dicynodon,  Oitdenodon. 
Placodiis,  Cyamodus. 

Plesiosanrtis,  Pliosatinis,  Nothosaurus,  Lano- 
satirus. 

Dermatochelys,  *  Protostega. 

Testudo,  Chelone,  Trionyx,  Ckitra,  Emyda. 
IchthyosaiiJits,  Baptanodon. 
Proterosaurus. 

Champsosannis. 

Sphenodon,  *  Hyperodapedon. 

Homaosaurus,  Sapheosaiirtis. 

Lacerta,  Varanus. 
Chamccleon. 
Dolichosatiriis. 
Clidastes,  Mosasaurus. 
Python,  Coluber,  Vifera. 

Iguanodon,  Scelidosaiiriis. 
Megalosauriis,  Zanclodon. 
Ornithopsis,  Diplodoctcs. 

AHosatirtts. 

Parasiichiis,  Stagonolepis. 
Crocodiltis,  *  Steneosaurus. 

Pterodadylus,  Rhamphorhymhtis. 
Pteranodon. 


*  Saurur/e 
Ratit.«. 

a.  *  OdontolcK  . 

/).  *  /Epyornithes 

c.  Apteryges  . 

d.  *  Immanes  . 

e.  Megistanes  . 
/.  Rhese  . 

g.  Struthiones  . 

h.  Gastornithes 
Carinaive. 

a.  *  Odontotormx 

b.  Crypturi 

c.  Impennes 
Tubinares 

e.  Pygopodes 
/.  Gavire  . 


CLASS  v.— AVES  (BIRDS). 

.  Archmopteryx. 


Hesperornis. 
yEpyornis. 

Apteryx,  *  Megapteryx. 

Dinornis,  Palapteryx. 

Castiariics,  Droviaus. 

Rhea. 

Struthio. 

Gastornis. 

Ichthyornis. 

Tinamus.    No  fossil  forms. 
Aptenodytes,  * Paleudyples. 
Procdlaria,  Puffinus. 
Alca,  Colymbiis. 
Lams, 
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^.  Limicote 
//.  Alectorides  . 
i.  Fulicarice 
J.  Gallinre . 
/6.  Columbje 
/.  Anseres . 

Palamedeoe  . 
n.  Odontoglossi 
0.  Herodiones  . 
p.  Steganopodes 
(/.  Accipitres 
r.  Striges  . 
^.  Psittaci  . 
/.  Picarias  . 
u.  Passeres 


Limicola,  Scolopax. 
Grus,  Otis. 
Rallus,  Notomis. 
Callus,  Crax. 

Columha,  Pterocles,  *  Didus. 

Anser,  Anas. 

Chauna.    No  fossil  forms. 

P/imicopteriis,  *  Elornis. 

Ciconia,  Ardea. 

Phalacrocorax,  Diotnedea. 

Aqtiila,  Vtiltur. 

Olus,  iSfyctea. 

Psittacus,  Cacattia. 

Picits,  Cuailus.' 

Passer,  Comis. 


CLASS  VI.— MAMMALIA  (MAMMALS). 

Sub-class  I. — Prototheria. 

I.  MONOTREMATA  .  .     Oniithorhynchus,  Echidna. 

Sub-class  II. — Metatheria. 


I.  Marsupialia. 

a.  Polyprotodontia  . 

b.  Diprotodontia 

Sub 

1.  Ede.ntata  . 

2.  Cetacea. 

a.  Odontoceti  . 

h.  *  Archseoceti . 
.  c.  Mystacoceti  . 

3.  SiRENIA 

4.  Ungulata. 

a.  Artiodactyla  . 
/'.  Perissodactyla 

c.  *  Toxodontia . 

d.  *  Condylarthra 

e.  Hyracoidea  . 

f.  *  Amblypoda 

g.  Proboscidea  . 
Group  *  Tillodontia  . 

5.  RODENTIA. 

a.  Duplicidentata 
Simplicidentata 

6.  Carnivora. 

a.  Pinnipedia  . 
/'.  Carnivora  Vera 
c.  *  Creodonta  . 
7-  Insectivora. 

a.  Insectivora  Vera  . 

i.  Dermoptera  . 

8.  CHIKOP'IEKA. 

a.  Microchiroptera  . 
Megachiroptera 
9-  Primates. 

a.  Lemuroidea  . 
/>•  Anthropoidea 


Dasytcrus,  Perameles. 
Macropiis,  Phascolcinys. 

class  III. — Eutheria. 

■    CkolcEptcs,  Manis,  Dasypus. 

Delphiiiiis,  Physeter. 

Zeiiglodoii. 
.    BalcBna,  Balaiioptera. 
.    Halicore,  Manatus. 

Sus,  Cervus,  Bos. 
.    Rhinocei-os,  Tapirus,  Eqiius. 

Toxodon,  Typotherinin. 
.    Periptychus,  Phenacodus. 
.    Hyrax.    No  fossil  forms. 

Cotyphodon,  Dinoceras. 
.    Elephas,  *  Dinotherium. 

Tillotheriiim. 

.    Lepns,  Lagoinys. 

.    Mas,  Sciiirtis,  Bysirix. 

.    Phoca,  Oiaria. 

.    Felis,  Ursns,  Mustela. 

.    Hyanodon,  Plerodon. 

Talpa,  Erinaceus. 
.    Galeopithecns.    No  fossil  forms. 

.     Vesperiilio,  Rhinolophtts. 
.    Pleroptcs.    No  fossil  forms. 

.    Lemur,  Indris. 
Alacacus.  Simia. 
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CHAPTER  VII. 


THE  EVOLUTION  OF  ORGANIC  TYPES  IN  TIME. 


The  naturalists  of  last  century,  and  of  the  earlier  part  of  this  century, 
generally  believed  that  the  existing  forms  of  animals  and  plants  had 
been  simultaneously  produced  by  a  special  act  of  creation,  and  that 
they  had  not  been  preceded  by  pre-existent  animals  and  plants. 
The  occurrence  of  fossils  in  the  crust  of  the  earth  had,  it  is  true, 
been  for  long  recognised,  and  had  given  rise  to  much  learned  con- 
troversy. By  some,  fossils  were  looked  upon  as  having  been  pro- 
duced by  inorganic  agencies,  and  thus  as  not  being  really  the  remains 
of  animals  and  plants.  Others,  again,  clearly  recognised  that  fossils 
were  truly  the  remains  of  organisms,  but  regarded  them  as  having 
belonged  to  animals  that  had  been  destroyed  in  the  Noachian 
deluge. 

At  the  present  day  it  is  universally  recognised  that  our  existing 
animals  and  plants  have  been  preceded  by  many  antecedent  faunas 
and  floree.  It  is  also  generally  admitted  that  the  existing  animals 
and  plants  are  the  modified  descendants  of  older  forms  of  life.  The 
actual  beginnings  of  life  upon  the  earth  are  still  unknown  to  us,  and 
are  likely  ever  to  remain  so.  We  have  no  reason  to  think  that  the 
most  ancient  of  known  fossils  belong  to  the  animals  which  first  came 
into  existence,  but  much  reason  to  come  to  an  opposite  conclusion. 
Palaeontology  teaches  us  that  new  forms  of  life  have  been  from  time 
to  time  introduced  upon  the  earth,  and  that  forms  already  in  exist- 
ence have  become  extinct.  The  laws  which  have  governed  this  in- 
troduction of  new  and  disappearance  of  old  life-forms  are  still  imper- 
fectly known  to  us,  but  of  the  fact  of  this  succession  of  organic  types 
in  time  no  doubt  whatever  is  possible.  It  is  also  quite  certain  that 
there  has  been  not  only  a  succession  but  likewise  a  progression  of  or- 
ganic forms  in  proceeding  from  the  most  ancient  of  geological  periods 
to  the  present  day.  The  whole  subject  of  the  evolution  of  life-forms 
in  time  involves  some  of  the  most  profound  problems  of  Paleeontol- 
ogy  and  can  be  but  very  briefly  glanced  at  here.    The  more  im- 
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portant  points  in  connection  with  this  subject  may,  however,  be 
shortly  considered  under  the  following  heads 

I  The  Primordial  Types  of  Life.—K^  above  remarked,  we  know 
nothing,  and  are  never  likely  to  know  anything,  of  the  anniials  and 
plants  which  really  constituted  the  first  living  beings.  Of  the  life  of 
the  Archaean  period  we  at  present  have  no  certam  knowledge ;  but 
we  find  representatives  of  all  the  Invertebrate  sub-kmgdoms  m  the 
earliest  fossiliferous  deposits  (Cambrian  and  Ordovician),  while  Ver- 
tebrates appear  low  down  in  the  Silurian  (in  the  Clinton  formation 
of  North  America).  It  may,  however,  be  taken  as  certain  that  these 
ancient  fossils  cannot  possibly  be  the  remains  of  the  really  primor- 
dial forms  of  life.  Thus,  regarded  as  individuals,  these  old  organic 
types  are  as  complex  and  as  highly  specialised  in  their  structure  as 
are  the  animals  now  in  existence.  Moreover,  the  great  Invertebrate 
groups  of  the  Annulosa  and  Mollusca  are  found  in  the  Cambrian 
period  to  be  represented  by  many  diverse  forms,  and  to  have  already 
reached  a  stage  of  advanced  development.  It  would,  however,  be 
at  variance  with  all  that  we  learn  from  the  study  of  existing  organisms, 
that  these  great  morphological  types  should,  to  begin  with,  have 
presented  themselves  under  highly  specialised  forms.  Rather  must 
we  conclude  that  a  very  long  period  must  have  been  required  for  the 
evolution  of  these  varied  morphological  types,  and  that  the  Cambrian 
fauna  was  really  preceded  by  many  antecedent  faunse  which  are  at 
present  unknown  to  us. 

2.  The  Introduction  of  Neiv  Species. — From  the  beginning  of  the 
Cambrian  period  onwards,  new  species  of  animals  have  been  intro- 
duced upon  the  earth,  apparendy  almost  continuously.  We  may 
certainly  say  that  the  introduction  of  new  species  has  been  "  con- 
tinuous," if  we  use  this  term  in  the  sense  "  of  the  continued  opera- 
tion of  the  cause  or  causes  which  introduced  life  at  first "  (Dawson). 
It  has  long  been  recognised  that  at  certain  periods  in  geological  his- 
tory large  numbers  of  new  species  were  introduced,  and  this  was 
formerly  explained  on  the  supposition  that  life  was  periodically  de- 
stroyed by  physical  convulsions,  and  that  each  of  these  "  catas- 
trophes" was  followed  by  a  creation  of  new  animals  and  plants. 
The  apparent  periodicity  in  the  introduction  of  new  species  is,  how- 
ever, probably  really  due  simply  to  the  imperfection  of  the  geological 
record.  In  all  those  cases,  therefore,  where  we  meet  with  the  appar- 
ently sudden  incoming  of  a  large  number  of  new  life-forms,  we  may 
take  it  for  granted  that  we  have'  to  deal  with  a  hiatus  in  the  geolo- 
gical record  in  the  particular  area  in  which  this  phenomenon  is  ob- 
served. The  new  forms  have,  namely,  been  in  existence  elsewhere, 
and  what  we  are  observing  is  not  their  first  introduction  upon  the 
earth,  but  merely  their  first  introduction  into  the  area  in  question. 
As  regards  the  period  in  which  we  are  now  living,  any  apparent  ces- 
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sation  in  the  introduction  of  new  species  is  probably  mainly  due  to 
the  shortness  of  the  period  during  which  accurate  observations  have 
been  carried  on.  Moreover,  though  our  present  species  have  existed 
for  a  time  which,  relatively  to  man,  is  very  long,  this  time,  estmiated 
geologically,  may  be,  and  probably  is,  very  short.  It  is,  further,  ex- 
ceedincrly  probable  that  the  introduction  of  new  species  would,  under 
any  circumstances,  be  imperceptible  to  a  single  observer,  or  even  to 
many  successive  generations  of  observers,  since  the  changes  by  which 
species  are  evolved  from  pre-existing  species  are  probably  so  slowly 
produced  as  to  be  imperceptible  except  when  fully  completed. 

7,   Abrupt  Appearance  of  Neiv  Species.— In  a  large  number  of  in- 
stances new  morphological  types  appear  to  have  come  into  existence 
abruptly,  no  closely  allied  types  being  known  to  have  preceded  them 
This  is  necessarily  the  case  with  the  animals  of  the  most  ancient  of 
the  fossiliferous  formations  (viz.,  the  Lower  Cambrian) ;  but  a  similar 
phenomenon  is  observable  in  hosts  of  other  instances,  where  we 
might  reasonably  expect  to  find  that  the  new  types  were  preceded  by 
older  relatives.    It  is  obvious,  however,  that  this  apparently  abrupt 
appearance  of  a  new  morphological  type-as,  for  example,  the  sudden 
appearance  of  the  great  family  of  the  Rudist.  "V.'l'^'An'nv 
period-arises  from  an  imperfection  in  our  knowledge.    On  any 
theory  of  evolution,  each  morphological  type  must  have  come  into 
existence  coincidently,  both  in  space  and  time,  with  a  pre-existing 
Xd  morphological  type  (Wallace).    When,  therefore,  we  find  new 
n^  phTo^cal  types  suddenly  appearing  on  a  given  geological  horizon, 
n  in  area  where  no  allied  forms  have  been  found  m  older  de- 
nosfts       must  come  to  one  or  other  of  two  conclusions.  Either 
fhe  apmre^^^         of  allied  types  in  older  strata  is  due  to  the  fact 
hltXe  ^tUta  have  not  been  sufficiently  invest^ate^  ^ 
ently  sudden  introduction  of  the  new  forms  is  due  to  the  ac  that 
^hP  case  is  not  one  of  their  first  coming  into  existence  at  all  but 
the  case  is  not  o  ^^^.^^^e  in  the  area  under  observation. 

plete,  the  apparent  ''^^"'f^'"^'  f  !-^^'2T has  been  imper- 
ial type  is  *:  tavestS^ti*  -uld  either  sho,v  !hat 
ir^uistio,?  exist  at  a„  earlier  period,  or 
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would  bring  to  light  allied  types  from  which  we  might  suppose  it  to 
have  descended. 

4.  Relative  Persistence  of  Species  in  Time. — The  duration  in  time, 
or  "  vertical  range  "  of  species,  varies  greatly  in  different  cases.  Some 
species  have  an  extraordinarily  extended  range,  sometimes  passing 
through  two  or  three  geological  systems,  and  in  such  cases  they 
generally  exhibit  numerous  varieties.    This  is  the  case,  for  example, 
with  some  of  the  Brachiopods,  such  as  Strophomena  rhomboidalis 
and  Atrypa  reticularis.    Others,  again,  are  singularly  restricted  in 
their  range,  and  do  not  pass  beyond  the  limits  of  a  single  subdivision 
of  a  system,  or,  it  may  be,  even  of  a  single  band  or  zone.    No  case 
is  known  in  which  a  species  which  has  once  fairly  died  out  has  re- 
appeared at  a  later  period,  but  there  is  no  absolute  impossibility  in 
the  separate  evolution  of  the  same  specific  type  at  two  separate 
periods.    As  a  general  rule,  it  is  the  animals  which  have  the  lowest 
and  simplest  organisation  that  have  the  longest  range  in  time,  and 
the  additional  possession  of  microscopic  or  minute  dimensions  seems 
also  to  favour  longevity.    Some  of  the  Foraminifera,  for  example 
{e.g.,  Saccanwiina  Carteri),  seem  to  have  survived,  with  little  or  no 
perceptible  alteration,  from  the  Ordovician  period  to  the  present  day. 
On  the  other  hand,  large  and  highly  organised  animals,  though  long- 
lived  as  individtials,  rarely  seem  to  live  long  as  species,  and  have, 
therefore,  usually  a  restricted  vertical  range.    Some  genera,  as  some 
species,  are  short-lived  ;  whereas  others  extend  through  a  succession 
of  geological  periods  with  extraordinarily  little  modification.  Among 
these  "  persistent  types  "  may  be  specially  mentioned  the  genus  Lin- 
giila  among  the  Brachiopods,  and  Nautilus  (in  the  wide  sense  of  the 
name)  among  the  Cephalopods,  of  which  the  former  commenced  in 
the  Cambrian  and  the  latter  in  the  Ordovician,  and  both  of  which 
are  represented  by  living  species. 

5.  Relative  Range  of  Morphological  Types  in  Space.—Th.^  rano-e  of 
particular  morphological  types  in  space  is  as  variable  as  it  is  in  time 
Some  forms  appear  to  be  wholly  restricted  to  some  particular  area 
or,  possibly,  to  a  single  locality ;  while  others  have  an  enormous 
range,  and  are  found  at  very  widely  distant  points  of  the  earth's  sur- 
face.   In  a  general  way,  the  types  which  have  a  wide  range  in  time 

liSr  5         ""'^^  ^"  'P'"^^-    '^hus,  species  of  Brachiopods 

Ike  Strophomena  rhomboidalis  and  Atrypa  reticularis,  which  ran-e 
through  more  than  one  geological  system,  have  likewise  a  very 
extended  geographical  distribution.    Still,  a  species  which  is  con- 
nned  to  a  single  system  may  have  an  enormous  range  in  space— as 
CarbonT^  '  P^oducta  semireticulata  of  the  Lowei' 

sinl  "^?""V7    '  "'"'"-^  ^yP^^  ^^hich  are  restricted  to  a 

rani  .  '  ^^'^^f-'^''^'"  Graptolites  and  Ammonites,  are  found  to 
range  over  very  wide  areas.    The  apparently  simultaneous  appear- 
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ance  of  groups  of  morphological  types  in  corresponding  geological 
periods  in  widely  separated  areas  of  the  earth's  surface  is  probably 
fallacious.  Such  groups  must  have  appeared  first  in  one  area,  and 
their  extension  therefrom  must  have  been  the  result  of  subsequent 
migration.  The  only  other  explanation  of  this  phenomenon  would 
be'that  the  same  morphological  types  had  been  simultaneously  pro- 
duced at  several  widely  remote  points  ;  but  this  hypothesis  is  appar- 
ently irreconcilable  with  any  theory  of  evolution. 

6  Extinctio7i  of  Morphological  7>/e^.— While  new  species  have 
been  constantly  appearing  throughout  geological  time,  old  species 
have  as  constantly  been  undergoing  extinction.     In  some  cases, 
extinction  seems  to  have  taken  place  with  extraordinary  abruptness, 
as  seen,  for  example,  in  the  sudden  disappearance  of  the  Rudista  :^^ 
the  close  of  the  Cretaceous  period.    In  other  cases,  extinction  has 
been  a  gradual  process.    In  either  case,  we  are  to  a  large  extent 
ignorant  of  the  causes  of  extinction,  and  of  the  laws  under  which 
the  process  is  carried  on.    As  a  general  rule,  it  may  be  taken  for 
cranted  that  the  sudden  disappearance  of  a  whole  group  of  morpho  o- 
gical  types  is  more  apparent  than  real.    When  we  have  a  sufficiently 
.complete  series  of  deposits,  it  is  usual  to  find  that  a  group  has 
begun  to  dwindle  down  long  before  it  finally  disappears  from  the 
scene     Thus,  the  Graptolites,  the  Trilobites,  and  the  Orthocera- 
tites  exhibit  a  progressive  diminution  as  regards  the  number  ot 
specific  types  before'we  reach  the  point  at  which  extinction  takes 
pkce      Why  these,  and  other  similar  groups,  should  show  such  an 
extraordinary  powe^  of  rapid  extension  and  of  the  development  of 
new  specific  or  generic  types  when  first  introduced  upon  the  earth 
and  should  thereafter  progressively  decay  and  ultin.ate  y  become 
extinct  is  a  problem  for  which  the  solution  has  yet  to  be  found  In 
anv  ca;e  it  is  to  be  remembered  that  in  many  cases  "extmction 
iZlS  nothing  more  than  continued  existence  under  a  new  form. 
ThatTs  to  say  a  species  often  becomes  apparently  extinct  by  becon  - 
^ng  graduary'^^^^^^     into  a  new  species,  in  which  case  the  parent 
fom?  actually  disappears,  but  the  modified  form  represents  it  in  later 

Evolution  of  Morphological  Types  from  pre-existing  For^ns^ 

PaLntology  has  furnished  a  mass  ^y^^^^^^\2XT^.tXZ- 
that  the  introduction  of  new  species  in  past  time  has  oeen  uy  c 

Lt.i*g  formslay  be  Wefly  glanced  at  here  under  the  follow.ng 
heads : — 
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(d.)  In  the  first  place,  it  is  a  powerful  argument  in  favour  of  the 
theory  of  evolution  that  the  primary  morphological  types  which  we 
recognise  among  existing  animals  are  identical  with  the  types  upon 
which  fossil  animals  are  constructed.  While  the  great  majority  of 
fossils  are  e.xtinct,  and  while  many  of  them  are  extremely  unlike  any 
existing  forms,  no  fossil  animal  has  hitherto  been  detected  which 
cannot  be  referred  to  one  or  other  of  the  existing  sub-kingdoms.  Few 
fossil  animals,  indeed,  possess  peculiarities  so  great  as  to  entitle  them 
to  be  placed  in  any  class,  other  than  in  one  of  the  classes  of  recent 
forms.  On  the  other  hand,  the  diiferences  between  some  of  the 
ancient  types  of  life  and  the  existing  ones  are  so  great,  that  palceon- 
tologists  have  been  compelled  to  construct  new  sub-classes,  orders, 
and  genera  for  their  reception. 

(b.)  Again,  the  investigation  of  fossil  animals  has  tended  to  greatly 
diminish  the  intervals  by  which  allied  groups  of  existing  animals  are 
separated.  Many  fossil  animals,  namely,  are  what  has  been  termed 
"  comprehensive  "  in  their  morphological  characters.  That  is  to  say, 
they  combine  in  themselves  structural  peculiarities  which  in  later 
formations  or  at  the  present  day  are  only  found  separately,  in  groups 
more  or  less  widely  removed  from  one  another.  These  "  synthetic 
types  "  or  "  collective  types  "  serve  to  bridg^  over  the  gaps  between 
related  morphological  types,  and  are  thus  of  special  interest  from  a 
theoretical  point  of  view.  Thus,  to  take  a  single  example  only,  the 
two  great  classes  of  the  Sauropsida — viz.,  the  Reptiles  and  the 
Birds — are  at  the  present  day  separated  by  a  wide  interval.  Palse- 
ontology,  however,  has  brought  to  light  a  number  of  transitional  fos- 
sil forms — some  referable  to  Birds  and  some  to  Reptiles — which 
more  or  less  markedly  combine  in  themselves  the  distinctive  charac- 
ters of  both  groups,  and  thus  partially  fill  up  the  gap  which  now 
exists  between  these  two  great  divisions  of  Vertebrates. 

(c.)  Again,  many  fossil  animals  exhibit  what  are  termed  "  general- 
ised "  characters.  If,  namely,  we  construct  for  ourselves  a  "  general " 
or  "  ideal "  type  for  any  great  group  of  animals — a  type  which  shall 
possess  all  the  essential  characters  of  the  group,  without  its  non- 
essential ones— then  we  find  that  the  fossil  animals  of  the  same 
group  are  generally  nearer  to  this  type  than  are  its  living  represen- 
tatives. Moreover,  the  older  representatives  of  any  given  group  are 
usuaUy  nearer  to  the  ideal  type  of  the  group— or  are  more  "  general- 
ised "—than  are  the  later  representatives  of  the  same  group.  All 
zoologists,  however,  admit  that  the  process  of  development  in  any 
individual  animal  is  one  in  which  there  is  a  gradual  progress  from 
the  general  to  the  special,  the  embryo  being  nearer  to  the  general 
type  of  the  group  to  which  it  belongs  than  the  adult  is.  In  other 
words,  the  embryo  animal  is  more  generalised  than  the  adult,  and 
tne  process  of  development  is  one  of  specialisation.    Admitting  this. 
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it  follows  that  the  fossil  forms  belonging  to  any  given  group,  in  so 
far  as  they  are  "  generalised  "  in  their  characters,  may  fairly  be  said 
to  be  "  embryonic "  types ;  and  as  the  oldest  forms  of  any  given 
group  are  usually  the  least  specialised,  so  they  are  likewise  the  most 
"  embryonic."  It  must  be  borne  in  mind,  however,  that  if  we  speak 
of  fossil  animals  as  being  "  embryonic  types,"  we  can  only  do  so  on 
the  distinct  understanding  that  it  is  not  thereby  implied  that  they 
were  in  any  way  degraded  forms,  or  that  they  were  at  all  less  perfectly 
constructed,  or  less  thoroughly  adapted  for  their  surroundings,  than 
their  modern  representatives. 

(d.)  Lastly,  overwhelming  evidence  in  favour  of  a  general  theory 
of  evolution  is  afforded  by  the  similarity  of  the  types  of  life  in  suc- 
cessive faunse  and  flor^.    The  animals  and  plants  of  each  geological 
system  are  more  closely  related  to  the  animals  and  plants  of  the 
system  immediately  below  and  to  those  of  the  system  immediately 
above,  than  they  are  to  the  organisms  of  any  other  rock-group  m  the 
stratified  series.    This  fundamental  pateontological  fact  does  not 
admit  of  reasonable  explanation  except  upon  the  view  that  the 
organisms  of  each  geological  period  are  the  modified  descendants  of 
those  of  the  preceding  period,  and  are  the  progenitors  of  the  organ- 
isms of  the  next  succeeding  period.    Each  geological  system  has,  ot 
course,  more  or  fewer  special  types  of  life,  which  are  confined  to  it, 
and  which,  apparently  from  inability  to  adapt  themselves  to  changes 
in  their  environment,  die  out  before  the  close  of  the  system  without 
leaving  descendants.    Others  undergo  but  sHght  modification  and 
appear  in  the  next  system  as  new  species,  "representative    of  the 
species  from  which  they  sprang.     Others,  again,  vary  more  pro- 
foundly, and  break  up  into  diverging  groups,  represented  in  the 
succeeding  period  by  more  or  less  widely  distinct  forms. 

8  General  Progression  of  Organic  7)^...-The  history  of  living 
forms  as  preserved  in  the  pateontological  record,  exhibits  a  distinct 
up™  ;d  progress  from  the  lower  to  the  higher,  or  from  the  more 
Xeralised  fo  the  more  speciaUsed.  At  the  present  day,  the  anima 
kt^dom  admits  of  division  into  a  number  of  primary  morphological 
typf  s,  of  which  some  are  higher  than  others  Thus  Vertebrate 
tvpe  s  zoologically  higher  than  any  type  of  the  Invertebrates,  and  the 
sKLgdoms  of  the  latter  have  also  a  certain  relative  rank  according 
0  the  complexity  of  their  plan  of  organisation.  In  the  same  way, 
within  the  fimits'of  each  suVkingdom,  some  of  the  groups  are  more 
"  snecialised,"  and  therefore  higher  in  the  scale,  than  others. 

No  only  do  the  primary  morphological  types  differ  from  one  an- 
..hpr  n  relative  zoological  rank,  as  estimated  by  relative  complexity 
other  in  re  ative  ^  '    ^j^^,,,  ^jearly  that  there  has  been 

:^2;:^r^^thf  development,  ^^^ower  t^.  h.^ 
fng,  in  the  main,  preceded  the  higher  m  time.    It  is  true,  as  betore 
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pointed  out,  that  it  is  very  doubtful  if  we  are  as  yet  acquainted  with 
the  absolute  time  of  the  first  appearance  upon  the  globe  of  even  one 
of  the  sub-kingdoms.  Future  discoveries,  therefore,  are  almost  cer- 
tain to  push  back  still  further  into  the  remote  vistas  of  the  past  the 
point  of  time  at  which  each  morphological  type  first  made  its  appear- 
ance upon  the  globe.  Nevertheless,  there  is  little  likelihood  that  the 
relative  times  of  appearance  of  the  great  groups,  as  compared  with 
one  another,  will  be  affected  by  any  discoveries  which  we  have  yet  to 
make.  Moreover,  as  regards  the  Invertebrate  sub-kingdoms,  we  are, 
perhaps,  never  likely  to  find  any  reliable  evidence  which  would 
enable  us  to  fix  with  precision  their  relative  order  of  appearance. 
All  of  these  sub-kingdoms  appear  in  the  Cambrian  deposits,  and  the 
utmost  that  we  can  be  certain  of  is  that  they  had  been  in  existence 
in  times  long  anterior  to  the  Cambrian.  Owing,  however,  to  the 
very  general  metamorphism  which  has  affected  the  pre-Cambrian 
sediments,  we  cannot  hope  to  ever  obtain  more  than  the  most  scanty 
evidence,  if  any,  as  to  the  actual  origin  of  the  earliest  types  of 
life.  With  regard  to  the  Vertebrate  animals,  on  the  other  hand,  the 
series  of  the  fossiliferous  rocks  is  long  enough  to  render  it  certain 
that  within  its  limits  we  ought  to  find  traces  of  the  first  appearance 
of,  at  any  rate,  the  higher  classes  of  thesf,  though  we  are  doubtless 
likely  to  remain  ignorant  of  the  precise  stage  in  the  series  at  which 
each  first  made  its  appearance.  If,  therefore,  it  can  be  shown  that 
there  has  been  a  progression  so  far  as  this  sub-kingdom  is  concerned, 
then  there  would,  by  analogy,  be  the  greatest  probability  that  a 
similar  progression  has  taken  place  as  regards  all  the  sub-kingdoms. 

So  far  as  our  present  knowledge  goes,  it  would  appear  certain  that 
there  is  such  a  progression  in  the  Vertebrate  sub-kingdom.  The 
classes  of  Vertebrates  make  their  appearance,  on  the  whole,  in  the 
order  indicated  by  their  zoological  position,  the  lowest  first  and  the 
highest  last.  Where  apparent  exceptions  occur,  a  reasonable  explan- 
ation can  be  given,  or  our  knowledge  can  be  shown  to  be  defective. 
Thus,  the  Fishes  constitute  the  lowest  group  of  Vertebrates,  and  in 
accordance  with  this  they  are  the  first  to  make  their  appearance  (in 
the  Silurian  period).  The  Amphibians  stand  next  to  the  Fishes  in 
zoological  rank,  and  they  are  the  next  group  of  Vertebrates  to  make 
their  appearance,  their  earliest  known  representatives  being  found 
towards  the  close  of  the  Paljeozoic  period  (in  the  Carboniferous 
system).  A  little  later  than  the  Amphibia  (in  the  Permian  period) 
appear  the  Reptiles,  which  constitute  the  next  highest  class  of  Ver- 
tebrates. The  class  of  Birds,  the  next  in  the  series,  possesses  a 
paljeontological  record  so  fragmentary  that  we  may  leave  it  out  of 
account  in  this  connection  ;  but  the  last  and  highest  group  of  Verte- 
brates, that  of  the  Mammals,  appears  for  the  first  time  towards  the 
close  of  the  Triassic  period.    It  need  only  be  added,  that  the  gene- 
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ral  progression  of  zoological  types,  indicated  by  the  successive  intro- 
duction of  the  great  classes  of  Vertebrates  in  the  order  of  their 
zoological  rank,  is  amply  confirmed  and  strengthened  by  what  is 
known  as  to  the  geological  history  of  all  the  great  groups  of  animals 
of  which  we  have  a  fairly  complete  record.  Even  as  regards  the 
Invertebrate  sub-kingdoms,  where  we  are  admittedly  ignorant  of  the 
first  appearance  of  the  main  divisions,  we  are  nevertheless  commonly 
able  to  show  that  the  minor  groups  have  been  successively  intro- 
duced in  the  order  of  their  zoological  rank.  At  the  same  time,  it  is 
to  be  borne  in  mind  that  zoological  groups  do  not  usually  appear  for 
the  first  time  in  either  their  lowest  or  highest  forms.  The  earliest 
representatives  of  each  group  are,  on  the  other  hand,  very  usually 
"  generalised  "  types,  which  have  the  capacity  for  either  elevation  or 
degeneration  in  their  later  development. 

9.  The  Absence  of  closely  graduated  transitiotial  Forms  between 
allied  Morphological  2>/fj.— While  the  general  testimony  of  Palaeon- 
tology is  overwhelmingly  in  favour  of  the  view  that  some  general  law 
of  evolution  has  operated  in  the  production  of  the  varied  forms  of 
life  which  now  exist  or  have  existed  in  the  past,  there  is  no  direct 
paljeontological  evidence  which  would  certainly  establish  any  partic- 
ular theory  as  to  the  precise  modus  operaiidi  of  this  law.  AVith 
regard  more  particularly  to  the  theory  of  "  the  origin  of  species  by 
means  of  natural  selection,"  which  the  world  owes  to  the  genius  of 
Darwin,  the  evidence  of  Palaeontology  cannot  be  said  to  be  conclusive. 
More  especially,  we  have  in  most  cases  no  sufficient  evidence  of  the 
former  existence  of  the  numerous  and  closely  graduated  transitional 
forms  between  different  species,  which  must,  on  this  theory,  have  once 
existed.    It  is  an  essential  part  of  the  theory  of  natural  selection 
that  the  production  of  any  given  species  from  any  pre-existing  species 
can  only  have  been  effected  through  the  intervention  of  a  long  series 
of  intermediate  or  transitional  forms.    It  is  true  that  many  extinct 
animals  are  known  which  are  clearly  transitional  between  existing 
groups,  now  more  or  less  widely  separated  from  one  another,    it  is 
also  true  that  in  a  certain  number  of  instances  (particularly  among  the 
Molluscs)  it  has  been  found  possible  to  connect  two  different  specihc 
types  by  means  of  a  long  series  of  intermediate  links,  the  separate 
members  of  the  series  differing  only  in  minute  characters.    As  a 
general  rule,  however,  the  known  transitional  forms  between  allied 
groups  are  few  in  number,  and  are  so  far  isolated  from  one  another 
fnd  from  the  forms  they  connect  as  to  be  in  ^^^^f^^^^^^^l 
distinct  morphological  types.    It  cannot  be  denied  ^^^^^^^^^^ 
nateontology  has,  so  far,  to  a  large  extent,  failed  to  bring  ton\arQ 
t::—-  and  closely  graduated  series  of 

which  must  at  one  time  have  existed,  ^^P^^^^^^^^f ""^ij^f^tsrce 
to  be  the  sole  agent  in  the  origination  of  new  species.    The  absence 
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of  a  sufficient  number  of  such  transitional  forms,  and  the  insufficient 
connection  between-  such  as  are  known  to  exist,  may  doubtless  be 
in  part  explained  by  the  known  "imperfection  of  the  geological 
record  " ;  but  this  does  not  appear  to  offer  an  adequate  solution  of 
the  difficulty.  The  theory  of  "  the  origin  of  species  by  means  of 
natural  selection,"  as  elaborated  by  the  master-mind  of  Darwin, 
constitutes,  nevertheless,  an  invaluable,  indeed  an  indispensable, 
guide  in  all  branches  of  palteontological  research. 
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SUB-KINGDOM  I.— PROTOZOA. 

The  sub-kingdom  Pt-otozoa,  as  the  name  implies,  includes  the  most 
lowly  organised  members  of  the  animal  kingdom,  and  may  be  de- 
fined as  comprising  animals  composed  of  undifferentiated  protoplasm, 
or,  at  most,  of  protoplasm  so  far  differentiated  as  to  have  developed 
an  outer  '■^  wall''''  and  a  cetttral  "  jiitcleiis,"  the  organism  in  the 
latter  case  becoming  a  ^' cell."  In  no  case  are  defiiiite  "  tissues  "  de- 
veloped by  the  differentiation  of  a  primitive  cellular  aggregate.  There 
is  no  proper  "body-cavity";  no  nervous  system ;  and  either  no  ali- 
mentary apparatus,  or  one  of  a  rudimentary  nature. 

The  Protozoa  are  small,  commonly  microscopic  animals,  for  the 
most  part  aquatic  in  their  habits.  The  contractile,  jelly-like  proto- 
plasm, or  "  sarcode,"  of  which  the  body  is  composed  may  be  en- 
tirely naked,  or  may  have  the  power  of  secreting  hard  structures, 
of  horn,  lime,  or  flint.  The  following  table  exhibits  the  chief  groups 
of  the  Protozoa. 

Class  I.  Greg.\rinid^.— Protozoa  in  which  the  body  has  the  form  of 
a  simple  cell,  without  any  mouth-aperture,  and  destitute  of  the  power  of 
emitting  "  pseuclopodia."  The  Gregarines  are  for  the  most  part  internal 
parasites,  and  possess  no  hard  structures. 

Cl.\ss  II.— Rhizopoda  (Sarcodina).— Protozoa  which  are  destitute 
ot  a  mouth,  and  have  the  power  of  emitting  extensile  and  contractile  pro- 
cesses of  protoplasm  ("  pseudopodia ").  The  sarcode  may  or  may  not 
nave  the  power  of  secreting  hard  structures. 

Order  i.  Monera.—Ex.  Protamceba. 
Order  2.  Amccbea.—Ex.  Amceba. 
Order  3.  Foraviinifera.—Ex.  Globigerina. 
Order  4.  Radiolaria.~Ex.  Haliomma. 
Order  5.  Hcliozoa.—Ex.  Actinophrys. 
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Class  III.— Infusoria  (Infusorian  Animalcules).— Protozoa  which 
are  typically  provided  with  a  mouth  and  rudimentary  digestive  cavity, 
which  do  not  possess  the  power  of  emitting  pseudopodia,  but  which  are 
furnished  with  vibratile  cilia  or  with  contractile  filaments.  They  are 
mostly  microscopic  in  size,  and  are  mostly  destitute  of  the  power  of  se- 
creting hard  skeletal  structures. 

Regarded  pateontologically,  we  may  eliminate  from  the  Protozoa 
the  entire  class  of  the  Gregarinidce,  with  the  Rhizopodous  orders  of 
the  Monera  ^  and  Anmbea,  no  trace  of  the  past,  existence  of  which 
has  yet  been  obtained,  or,  from  their  soft-bodied  nature,  is  ever 
likely  to  be.    For  all  practical  purposes  the  same  may  be  said  of 
the  large  and  universally  distributed  class  of  the  Infusorian  Animal- 
cules.^   Some  of  these,  however,  possess  chitinous  or  membranous 
cases   which  might  possibly  be  preserved  in  a  fossil  state ;  and 
Ehrenberg  has  found  in  the  flints  of  the  Chalk  certain  microscopic 
bodies   which  he  regarded  as  being  the  protective  carapaces  of 
Peridinium  and  allied  forms  of  Flagellate  Infusoria.    With  this 
doubtful  exception,  however,  no  Infusorian  animalcule  has  ever  been 
detected  in  the  fossil  state,  though  the  class  has  doubtless  existed 
from  the  most  remote  antiquity.     There  remain,  then,  only  the 
three  Rhizopodous  orders  of  the  Foraminifera,  Radiolaria,  and  Helt- 
ozoa  in  all  of  which  the  soft  protoplasmic  body  is  generally  strength- 
ened by  hard  structures  of  horn,  lime,  or  flint.    The  last  mentioned 
of  these  orders  comprises  fresh-water  organisms,  in  which  a  skeleton 
is  absent  or  imperfectly  developed,  and  no  traces  of  fossil  Hehozoa 
have  hitherto  been  met  with.    On  the  other  hand,  the  Forannmfera 
and  Radiolaria  usually  have  a  well-developed  skeleton,  and  are 
more  or  less  extensively  represented  as  fossils,  so  that  they  demand 
attention  separately  and  in  detail. 

FORAMINIFERA. 

The  Foraminifera  may  be  defined  as  Rhizofioda  in  which  the 
body  is  protected  by  a  shell  or  -test,"  ^ohich  is  composed  of  carbonate 

flilor  which  iay  consist  of  particles  of  sandcemen^  together  by 
some  animal  cement,  or  may  be  simply  Iwrny  {chitinous)  ^o^y 
Zstlnce  nves  out  long  and  thread-like  processes  {pseudopodia),  which 
t  n^^h  one  another  to  form  a  network,  and  often  coalesce  at 

feir  bases  to  form  a  continuous  layer  of  sarcode  outside  the  shell. 

The  pseuLpodia  (fig.  x8)  reach  the  exterior  either  by  perforations  in 

„m  be  briefly  descibe.l  in  X^ZfeI°of  a.  taming  more  or  less  e.temive  de- 

,,„;u;I„tleSrc,nl?».|»^."  ----  - 
Polycystiiia. 
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the  ivalls  of  the  shell,  o?-  simply  by  the  mouth  of  the  latter,  or  by  both 
these  sets  of  aperttires  comb  hied. 

From  a  palseontological  point  of  view  the  only  part  of  a  Foram- 
inifer  with  which  we  have  to  deal  is  the  shell  or  "  test,"  and  there 
are  several  points  to  notice  in  this  connection.  Firstly,  as  regards 
the  actual  composition  of  the  shell,  it  is  in  the  majority  of  cases  cal- 
careous, or  composed  of  carbonate  of  lime,  but  it  is  rarely  chitinous, 
and  It  is  not  uncommonly  "  arenaceous " — that  is,  composed  of 


Fig.  18.-A  many-chambered  Foraminifer  {Rotalia  veucta)  with  the  radiating  and  netted 
pseudopodia  protruded.    Greatly  magnified.    (After  Max  Schultzef) 

particles  of  sand  cemented  together  by  some  animal  substance  or 
by  carbonate  of  lime.  With  the  horny  or  chitinous  Foraminifera 
K^romida)  we  have  nothing  to  do  here,  as  they  have  never  been, 
and  are  never  likely  to  be,  detected  in  a  fossil  condition. 
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An  advance  upon  the  chitinous  shell  is  that  presented  by  the 
so-called  "arenaceous"  Foraminifera  (fig.  19),  which  are  among  the 
largest  of  the  living  types,  the  test  being  sometimes  half  an  mch  or 
more  in  length.  In  some  cases  the  "arenaceous"  test  is  nothmg 
more  than  a  chitinous  envelope,  protected  by  a  layer  of  mud,  or 
having  sand-grains  more  or  less  largely  embedded  in  its  substance 
(H  B  Brady).  Typically,  however,  the  test  of  the  arenaceous 
Foraminifera  consists  of  sand-grains  or  other  foreign  particles  united 


Fig.  .^.-Shells  of  Arenaceous  f  ora^inifer.    ^  Test  o^^.^^ 

together  by  a  variable  amount  of  cementing  material,  this  latter  con- 

ining  frol.  two  to  three  per  cent  of  carbonate  of  1-- ^^^^^^^^^^ 
with  a  notable  proportion  of  peroxide  of  iron.  The  arenaceous 
Forali^$ra  have,  L  a  rule,  no  pseudopodial  -Pertures  or  "  ora- 
mim"  in  the  walls  of  the  test,  the  pseudopodia  being  emitted  from 
a'ngl^^^^^^^^^^  "oral"  aperture,  or  from  a  number  of  apertures 
fn  the  will  of  the  last  chamber.  Though  normally  "imperforate, 
there  a  e  however,  certain  forms  of  the  arenaceous  or  sub-arenaceous 
"//?r(such  as  VaLulina^  No.osinella   ^^  ^^^^^^^^^ 

.  n        rnrhonate  of  lime,  with  or  without  variable  quantities 
when  seen  by  'eflec.ed'ligh.,  and  destitute  of:  pores  or  forannna 
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for  the  emission  of  pseudopodial  filaments.  In  all  the  porcellanous 
Foraminifera,  therefore,  the  shell  is  " imperforate"  and  the  pseudo- 
podia  are  emitted  from  a  general  "oral  aperture."  There  is  also 
reason  to  believe  that  the  shell  in  these  types  is  largely  composed 
of  aragonite.  Though  normally  calcareous,  the  test  may  be  en- 
crusted by  sand-grains,  or  it  may  be  composed  of  siliceous  particles 
embedded  in  a  chitinous  envelope,  or,  as  shown  by  Dr  H.  B.  Brady 
to  sometimes  occur  in  examples  of  Miliola  dredged  from  great 
depths,  it  may  even  be  genuinely  siliceous.  On  the  other  hand, 
in  the  so-called  "  hyaline  "  or  "  vitreous  "  types  of  the  Foraminifera, 
the  calcareous  test  (composed  principally  of  calcite)  is  glassy  and 
transparent,  and  its  walls  are  perforated  by  numerous  minute  tubes 
through  which  the  pseudopodia  are  emitted.  In  the  series  of  the 
hyaline  Foraminifera,  therefore,  the  test  is  said  to  be  '■'■perforate." 
Hence,  in  vertical  sections  of  the  shell  of  any  such  type  (e.g.,  Globi- 
gerina),  the  test  is  seen  under  the  microscope  to  be  traversed  by 
closely  set  tubules,  running  at  right  angles  to  the  outer  and  inner 


Fig.  20.— A,  Vertical  section  of- 
the  test  of  Globigerina  buUoides, 
highly  m.ignified,  showing  the 
pseudopodial  tubes;  b,  Tangen- 
tial section  of  the  same,  showing 
the  tubules  in  transverse  section. 
(Original.) 


Fig.  21.— .Section  of  the  shell  of  Rotalia  Schrcctcri- 
""u'  ■??Snified,  showing  pseudopodial  tubes  in  the 
walls  (rf).  The  test  is  also  traversed  by  a  series  of 
radiating  and  transverse  canals  (a,  b,  c).  (After 
Williamson  and  Carpenter.) 


•surfaces  of  the  shell ;  while  in  tangential  sections  (i.e.,  sections 
parallel  with  the  surface)  these  tubules  are  transversely  divided,  and 
appear  as  dark  spots  or  clear  pores  (see  figs.  20  and  21). 

Ihe  presence,  or  absence,  of  pseudopodial  tubes  in  the  walls  of 
tne  test  has  been  employed  as  a  character  whereby  the  entire  group 
Llf   f^^'^f might  be  divided  into  the  two  sections  of  the 

voT^  and  Imperforata;  the  former  including  the  hyaline  or 

H 
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vitreous  types,  while  in  the  latter  are  comprised  the  "  porcellanous," 
"  arenaceous,"  and  "  chitinous  "  types.  It  has  been  shown,  however, 
that  this  division  is  not  strictly  natural,  since  various  arenaceous 
types  possess  a  test  which  is  more  or  less  extensively  porous.  It 
would  appear,  in  fact,  that  the  composition  of  the  shell  is  Hable  to 
variation,  in  accordance  with  the  nature  of  the  material  obtamable 
by  the  organism  at  any  particular  station,  and  that  it  is  therefore 
possible  to  attach  too  great  value  to  this  character  in  framing  a 
classification  of  the  Foraminifera. 

Again,  as  regards  the  form  of  the  shell,  great  differences  exist 
among  the  Forammtfera,  and  as  concerns  the  mere  external  con- 
figuration, this  is  so  variable  that  little  or  no  value  can  be  attached 
to  it  in  classification.  Moreover,  in  the  two  great  series  of  the 
Perforate  and  the  Imperforate  Foraminifera  it  is  common  to  find 
parallel  or  "  isomorphic  "  groups.  That  is  to  say,  we  meet  with  two 
series  of  forms,  repeating  each  other's  peculiarities  and  variations  in 
form,  but  the  shell  in  the  one  series  being  perforate,  while  in  the 

other  it  is  imperforate.  .     ,  .    r  • 

The  simplest  form  among  the  Foraminifera  is  that  of  a  single 
spheroid  of  sarcode,  capable  of  secreting  for  itself  a  hard  covering 
as  in  the  flask-shaped  Lagena  (fig.  29,/)  or  the 

©globular  Orbulina  (fig.  22).  Forms  such  as  these 
are  said  to  be  "unilocular"  or  " monothalamous, 
the  test  consisting  of  but  a  single  chamber,  not 
subdivided  by  partitions  or  "  septa."  In  the  more 
complex  Foraminifera,  the  sarcode  of  the  body 
undergoes  a  subdivision  into  partially  separated 
segments,  produced  by  constrictions  in  the  grow- 


Foraminifer  from  the  protoplasm,  and  cach  of  these  segments  be- 

iS^^i^e^Tdif "  f  comes  more  or  less  completely  divided  off  from  its 
Italy.  (D'Orb.gny).  ^^.j.^ed  by  a  Wall  of  shcll.  In 

these  "multilocular"  or     polythalamous  " 

the  shell  ultimately  comes  to  consist  of  a  series  of  ch^^bers^ 
separated  by  partitions  of  the  test,  and  filled  with  sarcode.  The 
mrSns  or  "septa,"  between  the  different  chambers,  are,  however, 
So S  by  one'^or  more  apertures,  through  which  pass  connecting 
Tnd  or  ''stolons,"  of  sarcode;  so  that  the  sarcode  occupying  the 
a  fferent  chambers' is  united  into  a 

Each  segi^ent  -ay  give  out  its  own  P-—^^,^^^^^^^^^^ 

tions  in  its  investing  wall  (fig.  or        V,,  the  last  segment 
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however,  extremely  variable,  even  within  the  limits  of  a  single 
species,  and  it  would  be  impossible  to  notice  even  the  chief  types 
in  this  place.    There  are,  however,  two  or  three  important  variations 
which  may  be  mentioned.    If  the  buds  are  thrown  out  from  the 
primitive  spherule  in  a  linear  series  so  as  to  form  a  shell  composed 
of  numerous  chambers  arranged  in  a  straight  line,  we  get  such  a  type 
as  Nodosaria  (fig.  29,  g).    When  the  new  chambers  are  added  in  a 
spiral  direction,  each  being  a 
little  larger  than  the  one  which 
preceded  it,  and  the  coils  of  the 
spiral  lying  in  the  same  plane,  we 
get  such  a  form  as  Cristeilaria 
(fig.  23).     These  are  the  so- 
called  "  nautiloid  "  Foraminifera, 
named  from  the  resemblance  of 
the  shell,  in  figure,  to  that  of  the 
Pearly  Nautilus.    From  this  re- 
semblance the  nautiloid  Fora- 
minifera  were  originally  placed  in  the  same  class  as  the  Ammonites 
{Cephalopoda),  but  their  true  position  was  shown  by  the  examination 
of  their  soft  parts.    In  the  typical  nautiloid  shell  the  convolutions 
of  the  spiral  all  lie  in  one  plane ;  but  in  other  cases,  as  in  Rotalia 
or  Pulvinuli7ia  (fig.  24),  the  shell  becomes  turreted  or  top-shaped, 
in  consequence  of  the  coils  of  the  spiral  passing  obliquely  round  a 


Fig.  23. — Cristclla-i-ia  cchiiiata^  a  "nautiloid" 
Foraminifer.  (D'Orbigny.) 


Fig.  li.—Puhiiuulina  Boueann.  (D'Orbignj-.) 

central  axis.  In  other  cases,  as  in  Tinoporus,  the  chambers  are 
arranged  in  an  irregular  or  "acervuline"  manner. 

In  the  majority  of  the  polythalamous  Foramimfera,  the  successive 
chambers  of  the  test  are  so  produced  that  the  septum  between  any 
two  of  them  is  formed  solely  by  the  anterior  wall  of  the  older  cham- 
i^er  which  thus  constitutes  the  posterior  wall  of  the  newer  one  (fig. 
^  K  In  the  highest  types  of  the  compound  Foraminifera,  however, 
each  chamber  is  provided  with  its  own  proper  wall  of  shell,  each 
segment,  as  it  is  produced,  forming  for  itself  a  posterior  wall  which 
applies  Itself  to  the  anterior  wall  of  the  preceding  segment ;  so  that 
eacn  septum  ("  septal  plane  ")  is  composed  of  hvo  lamelte,  as  seen 
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in  fig.  26,  A  (Carpenter).    Moreover,  "in  the  higher  types  of  the 
hyaline  or  vitreous  series  we  frequently  meet  with  an  '  intermediate  ' 
or  '  supplemental '  skeleton,  formed  by  a  secondary  or  exogenous 
deposit  upon  the  outer  walls  of  the  chambers,  by 
0  which  they  receive  a  great  accession  of  strength. 

This  deposit  not  only  fills  up  what  would  other- 
wise be  superficial  hollows  at  the  junctions  of  the 
chambers  (fig.  26,  a  d\  or  (as  in  Polystoimlld)  at 
the  umbilical  depression,  but  often  forms  a  layer 
of  considerable  thickness  over  the  whole  surface, 
thus  separating  each  whorl  from  that  which  en- 
closes it ;  and  it  is  sometimes  prolonged  into  out- 
growths that  give  a  very  peculiar  variety  to  the 
ordinary  contour,  as  in  some  varieties  of  Rotalia 
and  Polystomella,  but  most  characteristically  in 
Calcarina  (fig.  26,  b),  and  the  stellate  form  of 
Tinoporus.     This  intermediate  or  supplemental 
skeleton,  wherever  developed  to  any  considerable 
extent,  is  traversed  by  a  set  of  'canals,'  which 
are  usually  arranged  upon  a  systematic  plan,  and 
are  sometimes  distributed  with  considerable  min- 
uteness "  (Carpenter).    The  canals  of  this  system 
are  doubtless  filled  in  the  living  state  by  prolonga- 
tions of  the  sarcode,  which  serve  to  keep  up  the 
vitality  of  the  intermediate  skeleton.    This  intermediate  skeleton, 
with  its  canal-system,  is  largely  developed  in  many  of  the  highest 
and  largest  of  the  types  of  the  hyaline  Foraminifera,  and  very 
specially  so  in  the  "  Nummulites  "  and  their  immediate  allies. 

As  regards  the  distribution  of  the  Foraminifera  in  space,  a  few 
forms  (all  belonging  to  the  single  family  of  the  Gromid<^  are  fresh- 
water in  habit,  but  the  vast  majority  are  inhabitants  of  the  sea. 

As  regards  the  marine  forms,  very  many  species  live  in  compara- 
tively shtuow  water,  but  certain  forms  are  found  at  great  depths  m 
the  ocean.  A  small  number  of  forms,  belonging,  according  to  Ur 
Henry  B.  Brady,  to  eight  or  nine  genera,  are  pelagic  in  their  habits 
and  ''pass  theiJ  existence,  either  in  part  or  entirely,  at  the  surface  of 
the  ocean  or  in  mid-water."    Though  only  a  few  genera  have  pelagic 

representatives,  these  few  are  of  great  i™P°^^^";%;^""Vhe  princT- 
traordinary  profusion  in  which  they  occur  individually  The  pnnc 
pTpelagic  genus  is  GloMgerina,  most  of  the  species  of  which  live  n 
fhe  open  sea  though  one  species  of  the  genus  seems  to  always  In  e 
^  the  bottom.  The  shells'^  of  the  pelagic  Foravnmfera,  after  the 
death  of  the  animal,  fall  to  the  bottom  of  the  sea,  where  they  ac- 
cun  uKte  o  Lm  (dong  with  the  shells  of  the  species  which  live 
hab  mal  y  at  the  bottom)  great  deposits  of  "  Forammiferal  mud. 


Fig.  25.— Section  of 
the  shell  of  Nodosaria 
rapa,  showing  the 
mode  of  formation  of 
the  successive  cham- 
bers. 0  Oral  aperture 
of  the  test ;  w  Wall ;  / 
Primordial  chamber. 
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The  most  important  deposit  of  this  nature  at  the  present  day  is  the 
well-known  "  Globigerina  ooze,"  which  is  found  to  cover  vast  areas 
of  the  sea-bottom  in  all  the  great  oceans,  mostly  at  depths  of  from 
600  to  about  2  500  fathoms,  and  which  is  of  special  interest  from  the 
resemblances  which  it  presents  to  the  White  Chalk.  The  "  Globi- 
gerina ooze  "  is  a  whitish  or  greyish  mud,  principally  composed  of 
carbonate  of  lime,  but  containing  a  considerable  proportion  of  silice- 


cl- 


Fig.  26.— A,.,  Diagram  of  one  of  the  higher  forms  of  the  vitreous  Fornminl/era,  showing  the 
double  nature  of  the  septa  {b),  the  stolon-passages  between  successive  chambers  (a),  and  the 
supplemental  skeleton  (rf)  ;  b,  Test  of  Calcarina  Spciigleri,  magnified  twelve  diameters,  show- 
ing the  spines  fornied  by  the  supplemental  skeleton  ;  c,  Part  of  a  section  of  the  test  of 
Lalcarina,  magnified  fifty  diameters,  showing  the  tubulated  "  proper  walls  "  of  the  chambers 
(«),  and  the  c.-inal-syste_m  of  the  intermediate  skeleton  {d)  ■  d.  Part  of  the  test  of  Nnmmulina. 
(Aftf^Ca'rpenter  r''^"         showing  the  canal-system  of  the  septa  {s),  and  marginal  cord  («)• 

ous  matter,  along  with  a  variable  quantity  of  subordinate  ingredients 
such  as  alumina.  When  examined  microscopically,  the  Globigerina 
mud  (fig.  27)  is  found  to  consist  principally  of  the  entire  or  broken 
shells  of  Foraviinifera,  belonging  mostly  to  the  genera  Globigerina, 
Orbulina,  Hastigerina,  and  Pulvimdina,  together  with  many  of  the 
singular  calcareous  organisms  known  as  "  coccoliths."  In  the  nature 
of  the  organisms  of  which  it  is  composed,  the  Globigerina  ooze  of  the 
present  day  presents  the  closest  resemblance  to  White  Chalk ;  while 
the  chemical  differences  between  them— especially  as  regards  the 
relative  percentage  of  silica— admit,  as  will  be  more  particularly 
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Fig.  27.— Section  of  hardened  Glo- 
bigerina  ooze,  enlarged  about  twelve 
times.    Recent.  (Original.) 


pointed  out  hereafter,  of  satisfactory  explanation.  There  are,  how- 
ever, other  differences  between  the  two,  especially  as  regards  the 
characters  of  the  Molluscan  fauna  of  the  latter,  which  would  uidi- 

cate  that  the  Globigeruia  ooze  and  the 
White  Chalk  were  not  formed  under 
conditions  precisely  alike. 

As  regards  the  distribution  of  the 
Foraminifera  in  time,  representatives  of 
the  group  are  found  in  almost  all,  or 
in  ah,  rock-groups  in  which  limestones 
are   developed   from  the  Ordovician 
period   onward.     Leaving  the  much 
disputed  Eozobn  on  one  side,  no  re- 
mains of  Foraminifera  have  hitherto 
been  recognised  as  occurring  in  any 
deposit  older  than  the  Ordovician.  As 
regards  the  older  rocks,  the  remains  of 
Foraminifera  are  usually  found  most 
abundantly  in  limestones,  or  in  calca- 
reous shales,  and  particularly  in  the 
shaly  partings  which  separate  calcare- 
ous bands.    In  many  cases,  they  have 
contributed  notably  to  the  composi- 
tion of  the  solid  crust  of  the  earth,  and  have  often  built  up  massive 
and  widely  extended  limestones.    In  other  cases,  where  they  are 
present  in  smaher  quantity,  they  may  be  commonly  detected  in  thin 
sections  of  limestone.    In  some  instances,  the  tests  of  Foraminifera 
have  been  infiltrated,  prior  to  fossilisation,  with  glauconite  (silicate 
of  iron  and  potash),  and  the  actual  shell  has  subsequently  been  dis- 
solved away     In '  some  of  the  warmer  seas  of  the  present  day 
green  sands  are  found  to  be  in  course  of  deposition,  the  grains  of 
which  are  largely  composed  of  internal  casts  in  glauconite  of  the 
hells  S  FofaLifera ;  and  it  is  probable  that  the  green  grains 
of  various  deposits,  and  especially  of  the  Cretaceous  system,  are 

"  r^et^it^  thllroT^^^  the  ReceptaculitiM,  regarded  by  Hinde 
as  reflrabT  ^  the  %rlfera,  the  Ordovician,  Silurian,  and  Devonian 
Lestones  exhibit  in  general  a  remarkable,  and,  in  fact,  an  unac- 
cCSbTe  absence  of  the  remains  oi  Foraminifera  ;  since  the  variety 
of  the  types  of  these  organisms  represented  in  the  limestones  of  the 
CaSonfferous  period  would  justify  the  conclusion  that  the  order  is 
CarDoniieruub  yj       .    .  remains  of  Foraminifera  are  not. 

Ordovician  age,  while  the  Devonian  limestones  occasionally  con- 
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tain  the  tests  of  Foraminifera.  In  the  Carboniferous  period,  most 
of  the  limestones  can  be  shown  by  microscopical  examination  to 
contain  the  shells  of  Foraminifera  in  larger  or  smaller  numbers  (see 
fig.  4) ;  and  some  of  them  are  so  largely  composed  of  the  cases  of 
these  minute  organisms  as  to  become  truly  "  Foraminiferal  lime- 
stones." Of  this  nature  are  the  great  Fusulina  limestones  of  Russia 
and  North  America,  and  the  Saccammina  limestone  of  Britain.  It 
is  interesting  to  notice  that  the  highly  specialised  genus  Nuvimulina, 
which  attained  such  a  vast  development  in  the  Tertiary  period,  is 
represented  for  the  first  time  in  the  Carboniferous  limestone.  In 
the  Permian  limestones  Foraminifera  are  tolerably  abundant,  but  on 
the  whole  nearly  resemble  their  Carboniferous  predecessors. 

In  the  Mesozoic  period,  the  remains  of  Foraminifera  are  more  or 
less  abundant  in  the  Triassic  and  Jurassic  systems,  occurring  in 
limestones,  shales,  or  marls,  and  sometimes  being  present  in  sufficient 
numbers  to  give  rise  to  regular  Foram- 
iniferal limestones.  In  the  Cretaceous 
period,  the  most  remarkable  Foramini- 
feral rock  is  the  White  Chalk  itself.  This 
well-known  and  widely  extended  forma- 
tion can  be  readily  shown  by  micro- 
scopical investigation  to  be  very  largely 
made  up  of  the  entire  or  broken  shells 
of  Foraminifera,  amongst  which  the 
genus  Globigerina  plays  a  predominant 
part  (fig.  28).  There  is  thus  a  close 
and  striking  similarity  between  the  AVhite 
Chalk  and  the  "  Globigerina  ooze  "  of 
modern  seas.  The  principal  distinction 
between  Chalk  and  consolidated  Globi- 
gerina mud  is  found  in  the  fact  that  the 
latter  contains  a  considerable  proportion 
of  siliceous  matter,  while  the  former  con- 
sists of  from  ninety-five  to  ninety-eight 
per  cent  of  carbonate  of  lime,  and  is 

nearly  or  quite  free  from  disseminated  silica.  This  distinction  is, 
however,  more  apparent  than  real,  and  depends  in  reality  upon  the 
changes  which  the  Chalk  has  undergone  subsequent  to  its  original 
deposition.  The  siliceous  matter  in  the  modern  Globigerina  mud  is 
due  to  the  presence  of  a  larger  or  smaller  intermixture  of  the  flinty 
tests  of  Radiolarians,  the  spicules  of  siliceous  Sponges,  the  tests  of 
Diatoms,  and  the  like.  There  is  no  reason  to  doubt,  however,  that 
the  Chalk,  when  first  laid  down,  similarly  contained  a  larger  or 
smaller  quantity  of  siliceous  matter  in  the  form  of  the  skeletons 
of  flmt-producing  organisms  such  as  Sponges.    The  silica  of  these 


Fig.  28.  —  Section  of  White 
Chalk,  from  Sussex,  enlarged 
about  fifty  times.  (Original.) 
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skeletons  in  course  of  time  underwent  solution,  and  the  siliceous 
Sponges  are  now  found  in  the  White  Chalk  only  in  the  form  of  casts, 
or  with  their  original  skeleton  replaced  by  some  such  substance  as 
peroxide  of  iron.    The  dissolved  silica  thus  produced  was  ultimately 
segregated  from  the  mass  of  the  Chalk,  and  is  now  represented  by 
the  nodules  of  flint  which  form  such  a  characteristic  feature  of  parts 
of  the  White  Chalk.    It  would  appear,  therefore,  that  the  White 
Chalk  in  its  original  chemical  composition  must  have  been  very 
closely  similar  to  the  modern  Globigerina  ooze ;  and  it  is  a  reason- 
able conclusion  from  its  general  purity  that  it  must,  like  its  modern 
analogue,  have  been  deposited  in  a  deep  and  open  ocean,  at  a  con- 
siderable distance  from  land.    At  the  same  time,  the  characters  of 
the  Molhisca  which  are  predominant  in  the  Chalk,  would  go  to  show 
that  this  remarkable  Foraminiferal  deposit  must  have  been  laid  down 
in  general  at  depths  less  than  those  at  which  the  modern  Globigerina 
ooze  is  now  accumulated. 

In  the  Tertiary  period,  lastly,  the  remains  of  Foraminifera  are 
abundant  and  varied,  and  are  often  present  in  such  numbers  as  to 
ffive  rise  to  more  or  less  extensive  Foraminiferal  limestones.  The 
most  notable  of  these  is  the  great  "  Nummulitic  limestone  "  of  the 
Eocene.    In  the  later  Tertiary  deposits,  the  genera  represented  are 
mostly  those  now  in  existence,  and  many  of  the  species  are  identical 
with  living  forms.     The  Foraminifera,  in  fact,  like  other  lowly 
organised  forms,  have  been  very  "persistent"  types  of  life.  A 
number  of  the  Cretaceous  species,  indeed,  appear  to  be  inseparable 
from  existing  foniis,  while  some  living  species  are  believed  to  date 
from  even  an  earlier  period.    As  regards  the  genera,  the  prevalent 
types  in  Carboniferous  times  still  survive  unchanged;  and  Dr  Carpen- 
ter has  enunciated  the  conclusion  that  upon  the  whole  "  there  is  no 
evidence  of  any  fundamental  modification  or  advance  of  the  Forami- 
niferous  type  from  the  Pateozoic  period  to  the  present  time." 

Classification  of  the  Foraminifera. —The  classification  ot 
the  Foraminifera  has  proved  a  matter  of  considerable  difficulty. 
The  older  arrangements  were  unnatural,  as  being  based  wholly  on 
the  form  of  the  shell,  a  point  in  which  the  Foraminifera  show  a  most 
marvellous  variability.  For  this  reason,  the  artificial  systems  pro- 
posed by  D'Orbigny  and  Max  Schultze  have  now  been  generally 
abandoned,  and  their  place  has  been  taken  by  other  more  natural 
schemes  of  classification,  and  especially  by  those  put  forward  inde- 
pendently and  almost  simultaneously  by  Professor  von  Reuss  upon 
Ihe  Continent,  and  by  Dr  W.  B.  Carpenter,  Mr  Parker,  and  Professor 
T  Rupert  Tones  in  this  country.  Both  these  arrangements  agree  in 
thV  essential  feature  that  they  divide  the  Foraminifera  into  two  great 
pr  mary  d^^^^^^  in  accordance  with  the  nature  of  the  shelly  invest- 
ment   In  the  one  division  {Imperforata\  the  test  is  not  perforated 
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by  pseudopodial  apertures,  and  it  may  be  either  "  arenaceous "  or 
"  porcellanous."  In  the  other  division,  the  test  is  perforated  by 
more  or  less  numerous  pseudopodial  foramina,  and  to  this  division 
the  name  of  Perforata  is  applied.  The  following  tables  exhibit  the 
arrangements  proposed  by  Carpenter,  Parker,  and  Rupert  Jones,  on 
the  one  hand,  and  Reuss,  on  the  other  hand ;  the  former  being  the 
most  natural,  and  the  one  most  widely  adopted  : — 

A.  Classification  of  the  Foraminifera,  according  to 
Carpenter,  Parker,  and  Rupert  Jones. 

Sub-Order  I.  Imperforata. — Test  membranous,  calcareous,  or  are- 
naceous, not  perforated  by  pseudopodial  foramina. 

Family  i.  Gromida.  Family  2.  Miliolida. 

Family  3.  Litiiolida. 

Sub-Order  II.  Perfor.ata. — Test  perforated  by  pseudopodial  foramina, 
generally  calcareous. 

Family  i.  Lagenida.  Family  2.  Globigerinida. 

Family  3.  Nuininulmida. 

B.  Classification  of  the  Foraminifera  .according  to  Reuss. 
I.  For.aminifera  with  a  Non-perfor.ate  Test. 
A. — With  arenaceous  tests. 
I.  Lituolidea.  2.  Uvellidea. 

B. — With  compact,  porcellanous,  calcareous  tests. 

1.  Sqtcanmlinidea.  3.  Peneroplidea. 

2.  Miliolidea.  4.  Orbitulitidea. 

II.  Foraminifera  with  a  Perforate  Test. 

A.  — With  a  glassy,  finely  porous,  calcareous  test. 

1.  Spirillinidea.  5.  Polymorphinidea. 

2.  Ovulitidea.  6.  Cryptostegia. 

3.  Rhabdoidea.  7.  Textilaridea. 

4.  Crisiellaridea.  8.  Cassidulinidca. 

B.  — With  an  exceedingly  porous,  calcareous  test. 

I.  Rotalidea. 

C— With  a  calcareous  shell,  traversed  by  a  ramified  canal-system. 
I.  Polystomellidea.  2.  Nujiimtilitidca. 

On  the  other  hand,  Dr  H.  B.  Brady,  one  of  the  highest  living 
authorities  on  the  Foraminifera,  has  recently  pointed  out  that,  in  the 
hght  of  our  present  knowledge,  the  primary  division  of  the  order 
into  the  two  sections  of  the  Perforata  and  Imperforata  cannot  be 
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considered  to  be  natural.  It  is  now  well  known  that  many  of  the 
Arenaceous  Foraminifera,  forming  one  of  the  principal  groups  in  the 
old  section  of  the  Imperforafa,  have  diffused  pseudopodial  apertures, 
with  or  without  a  general  aperture  as  well,  so  that  their  test  is  truly 
"  perforate."  The  retention  of  the  sections  Perforata  and  Iinperfo- 
rata  would  therefore  necessitate  the  splitting  up  of  the  Arenaceous 
Foraminifera  into  two  series,  one  with  a  "  perforate  "  and  the  other 
with  an  "imperforate"  test.  In  view  of  this  fact,  Dr  Brady  has 
abandoned  the  minute  structure  of  the  test  as  an  exclusive  basis  for 
the  classification  of  the  Forairmtifera,  and  has  proposed  the  follow- 
ing arrangement  of  the  order  into  families  : — 

Order  Foraminifera  (Reticularia). 

Family  i.  GrOMID.*:. — Test  chitinous  ;  smooth  or  encrusted  with 
foreign  bodies  ;  with  a  pseudopodial  aperture  at  one  or  both  extremities. 
Ex. — Gro?nia,  Microgromia,  Lieberkiilmia. 

Family  2.  MiLiOLiDiE.— Test  imperforate  ;  normally  calcareous  and 
porcellanous,  sometimes  encrusted  with  sand,  or,  under  certain  condi- 
tions, chitinous  or  siliceous.    Ex.—Biloculina,  Peneroplis,  Orbitohtes. 

Family  3.  ASTRORHlZlDi*:.— Test  composed  of  sand-grams  or  other 
foreign  bodies,  usually  more  or  less  united  into  a  coherent  test  by  a 
cementing  material.  Usually  the  test  is  monothalamous,  often  branched 
or  radiate,  sometimes  partially  subdivided,  but  seldom  or  never  truly 
septate.    Ex.—Astrorhiza  (fig.  19,  A),  Rhabdammina,  Saccammtna. 

Family  4.  LlTUOLlD^.— Test  arenaceous,  usually  regular  m  contour  ; 
septation  of  the  polythalamous  forms  often  imperfect ;  chambers  fre- 
quently labyrinthic.  Ex.—Lituola,  Trochammina  (fig.  19,  B  and  C), 
Endothyra. 

Family  5.  Textularid^.— Tests  of  the  larger  species  arenaceous, 
with  or  without  a  perforate  calcareous  basis  ;  smaller  fonns  hyaline  and 
perforated.  Chambers  arranged  in  two  or  more  alternating  series,  or 
spiral,  or  confused.    Ex.—  Textiilaria,  Valvulina. 

Family  6.  Chilostomellid/E.— Test  calcareous,  perforate,  polythala- 
mous Segments  following  each  other  from  the  same  end  of  the  long 
axis,  or  alternately  at  the  two  ends,  or  in  cycles  of  three  ;  more  or  less 
embracing.  Aperture  a  curved  slit  at  the  end  or  margin  of  the  hnal 
segment.    Ex.—Chilostomella.  r     ^  a  ^-fi^ov 

Family  7.  Lagenid/E.  —  Test  calcareous,  finely  perforated  ;  either 
monothalamous,  or  consisting  of  a  number  of  chambers  JO'^ed  in  a 
straight,  curved,  spiral,  alternating,  or  (rarely)  branched  series.  Apertu  e 
Simple  or  radiate,  terminal.  No  interseptal  skeleton  nor  canal-system. 
Ex.—La^eita,  Nodosaria,  Cristcllana. 

Family  8.  GLOBIGERINID^.-Test  free,  calcareous,  perforate ;  cham- 
bers few;  inflated,  arranged  spirally.  Aperture  single  or  mul  iple  con- 
spicuous.   No  supplementary  skeleton  nor  canal-system.  ^.t.-O/^^^^- 

R0?ALiD^.-Test  calcareous  perforate  ;  free  or  adherent^ 
Tvpically  spiral  and  "  rotaliform  coiled  in  such  a  manner  that  the 

who  e  of  the  segments  are  visible  on  the  upper  surface,  those  of  the  last 
^onvolu  ion  only  on  the  inferior  or  apertura  side,  sometimes  one  face 
more  convex,  sometimes  the  other.    Aberrant  fonns  evolute,  ou  - 
sp  eadTacervuline  or  irregular.    Some  of  the  higher  modifications  ^^.th 


FORAMINIFERA. 


123 


double  chamber-walls,  supplemental  skeleton,  and  a  system  of  canals. 
Ex. — Rotalia,  Disco7-bina,  Carpenteria,  Calcarina,  Tinoponts. 

Family  10.  Nummulinid/e. — Test  calcareous  and  finely  tubulated  ; 
typically  free,  polythalamous,  and  symmetrically  spiral.  Usually  a  "  sup- 
plemental skeleton  "  and  canal-system.  Ex.—Nuvwiulina^  Polystomella, 
Fusiilma,  Notiionma. 


In  connection  with  the  general  subject  of  the  classification  of  the 
Forafiihiifera,  the  following  remarks  by  Dr  Brady  may  advantageously 
be  quoted ;  since  they  not  only  have  a  most  important  bearing  upon 
the  special  point  in  question,  but  forcibly  express  the  principles 
which  should  guide  the  philosophic  naturalist  in  his  systematic  treat- 
ment of  all  such  variable  forms  of  life  :  "  A  purely  artificial  classifi- 
cation is  ill  adapted  to  the  conditions  presented  by  a  class  of  organ- 
isms like  the  Foraminifera,  largely  made  up  of  groups  of  which  the 
modifications  run  in  parallel  lines.  This  'isomorphism,'  demon- 
strated chiefly  by  the  labours  of  Messrs  Parker  and  Jones,  whilst  it 
is  the  source  of  most  of  the  difficulties  the  systematist  has  to  con- 
tend with,  is,  at  the  same  time,  the  key  to  the  natural  history  of  the 
order  as  at  present  accepted.  It  exists  not  merely  between  a  single 
series,  in  one  of  the  larger  divisions,  with  a  single  series  in  another, 
but  often  amongst  several  series  even  of  the  same  family.  It  not 
unfrequently  happens  that  a  member  of  one  group  presents  a  greater 
similarity  to  its  isomorph  in  another  group,  with  which  it  has  no  rela- 
tionship, than  it  does  to  any  other  member  of  its  own  group.  Take 
a  familiar  illustration — suppose  the  fingers  of  the  two  hands  to  repre- 
sent the  modifications  ('species')  of  two  such  parallel  types  of  Fora- 
minifera  :  the  thumb  of  one  hand  resembles  more  closely  the  thumb 
of  the  other  hand  than  it  does  any  other  of  the  fingers  on  its  own. 
In  other  words,  the  extreme  member  of  one  series  bears  greater 
similarity  to  its  isomorph  in  the  other  series  than  it  does  to  its  own 
nearer  relations,  and  so  on  through  the  remaining  members  of  the 
respective  groups.  Under  conditions  like  these,  artificial  subdivision, 
based  upon  minor  morphological  characters,  is  certain  to  infringe 
the  order  of  nature,  owing  to  its  tendency  in  some  cases  to  separate 
forms  closely  allied,  and  in  others  to  place  together  such  as  have  no 
natural  affinity." 

The  principal  fossil  groups  of  Foraminifera  require  a  brief  con- 
sideration, but  in  the  short  summary  of  these  which  follows— as  in 

the  case  of  similar  summaries  which  will  subsequently  be  given  it 

will  be  understood  that  nothing  further  is  proposed  than  to  select  for 
notice  and  characterisation  those  leading  types  of  each  great  group  of 
fossils  which  may  seem  to  demand  mention  on  the  ground  of  their 
being  common,  or  in  other  respects,  geologically  or  zoologically,  of 
peculiar  importance.  For  anything  like  a  complete  list  of  the  known 
structural  types  of  each  group,  or  the  characters  of  all  the  recorded 
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genera,  the  specialist  will  consult  special  treatises ;  and  it  does  not 
appear  to  be  necessary  for  the  wants  of  ordinary  students  to  do  more 
than  to  supply  a  brief  statement  of  the  conspicuous  characters — 
especially  the  differential  characters — of  the  more  widely  distributed 
and  more  important  types  in  each  group.  Nor  can  even  this  limited 
characterisation  of  leading  types  be  carried  out  with  equal  fulness  in 
the  case  of  all  groups  of  fossils,  or  upon  any  absolutely  uniform  plan. 
In  the  case,  however,  of  Invertebrate  fossils,  as  being  those  with 
which  the  palaeontologist  is  more  especially  called  upon  to  deal,  the 
families  of  each  group  will,  where  possible,  be  defined,  and  some  of 
the  chief  generic  types  will  be  noticed.  The  subjoined  engraving, 
representing  some  of  the  principal  type-forms  of  the  Foraminifera,  is 
from  a  drawing  kindly  made  for  the  author  by  his  friend,  Dr  Henry 
Brady,  who  has  so  greatly  contributed  to  our  knowledge  of  this 
difficult  group  of  organisms. 

The  first  family  of  the  old  division  of  the  Imperforate  Foraminifera., 
that  of  the  Gro7nidce,  requires  no  special  consideration  from  a  palseon- 
tological  point  of  view,  as  it  is  not  represented  by  any  fossil  forms. 
Most  of  the  Gro7nidce  are  inhabitants  of  fresh  waters,  and  they 
possess  a  thin,  chitinous,  imperforate  shell,  sometimes  encrusted 
with  foreign  bodies,  and  with  a  general  pseudopodial  aperture  at  one 
or  both  ends.  Owing  to  the  horny  character  of  the  shell,  it  is  hardly 
probable  that  any  members  of  this  family  will  ever  be  discovered  in 
the  fossil  condition. 

In  the  family  of  the  Miliolida;,  the  test  is  opaque,  porcellanous, 
unilocular,  or  multilocular,  and  extremely  variable  in  shape;  the 
oral  aperture  being  simple  and  undivided,  or  being  formed  by 
numerous  pores.  The  family,  as  far  as  known  at  present,  is  not 
represented  in  the  Palaeozoic  period,  but  ranges  from  the  Trias  to 
the  Recent  period  inclusive.  One  of  the  simplest  forms  of  this 
group  is  Cornuspira  (fig.  29,  a\  in  which  the  shell  is  a  simple  un- 
chambered  spiral,  like  the  shell  of  a  Planorbis.  The  genus  is  repre- 
sented for  the  first  time  in  the  Lias,  and  is  found  under  living  forms 
in  our  seas.  Niibecidaria  is  a  still  older  type,  beginning  in  the  Trias, 
and  its  test,  extraordinarily  variable  in  shape,  is  usually  parasitic  upon 
shells  and  other  foreign  bodies.  In  Milioki,  again  (fig.  29,  l>,  repre- 
senting the  sub-generic  form  Quinqiieloculina),  the  shell  is  still  ex- 
tremely variable  in  form,  but  it  consists  typically  (Biloculiiid)  of  a 
series  of  chambers  wound  round  an  axis,  in  such  a  manner  that  each 
embraces  half  the  entire  circumference.  This  genus  dates  from  the 
Trias,  and  is  well  represented  in  recent  seas.  It  abounded  in  Eocene 
times',  one  of  the  Tertiary  limestones  of  the  Paris  basin  being  known 
as  the  "Miliolite  limestone,"  in  consequence  of  its  being  largely 
made  up  of  the  shells  of  a  MiUola.  In  Peneroplis  (fig.  29,  c\  which 
is  closely  allied  to  Cornuspira,  the  shell  is  a  flattened  spiral,  which 
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expands  very  rapidly  in  its  last  half  turn,  the  mouth  running  along 
the  length  of  the  base,  and  being  constituted  by  numerous  isolated 


NodosirL^raJ    i'a  fti  arltf^^^^^^^^^^  ^"'■"'^j  f 

the  real  <^^^^":r;{:itorL\^^^^^^^^  S-^'V  -arged, 

pores  It  ranges  from  the  Eocene  to  the  present  day.  Much  more 
complicated  types  of  the  MiliolidcB  are  Alveolina  and  Orbitolites. 
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The  former  has  a  comparatively  large  fusiform  shell,  consisting  of 
many  layers  of  chambers  rolled  up  spirally  round  an  elongated  axis, 
the  last  series  opening  by  a  row  of  pores.  It  dates  from  the  Cre- 
taceous period,  and  has  largely  contributed  to  the  formation  of 
various  of  the  Tertiary  limestones.  The  latter  is  coin-shaped,  some- 
times more  than  half  an  inch  in  diameter,  and  very  complex  as 
regards  the  arrangement  of  its  chambers.  The  genus  is  especially 
abundant  in  the  Eocene  Tertiary,  but  it  dates  from  the  Lias,  and 
occurs  plentifully  in  recent  seas. 

The  next  family  of  the  Foraminifera  is  that  of  the  Astrorhizidce, 
comprising  a  number  of  interesting  types,  sometimes  of  considerable 
size,  in  which  the  test  is  composed  of  sand-grains  or  other  foreign 
particles,  generally  united  by  a  cementing  basis,  but  sometimes 
slightly  or  not  at  all  consolidated.  The  test  may  be  monothalamous 
or  polythalamous,  but  in  the  latter  case  genuine  internal  septa  do 
not  exist.  The  shell  is  often  branched  or  radiate,  and  may  attain  a 
considerable  size.  The  type-genus  of  this  family  is  Astrorhiza  itself 
(fig.  1 9,  a),  which  is  not  known  to  occur  in  the  fossil  condition,  its 
test,  though  of  considerable  thickness,  having  its  component  grains 
very  imperfectly  cemented  together.  A  much  firmer  and  more  com- 
pact shell  is  possessed  by  the  genus  Saccammina,  which  merits  special 

mention  as  being  the  only  Foramini- 
fer  which  in  Britain  can  be  said  to 
actually  form  a  limestone.  It  con- 
sists of  free  spherical,  pyriform,  or 
fusiform  chambers  (fig.  30),  some- 
times separate,  sometimes  united 
end  to  end  in  twos  or  threes,  with 
thick,  internally  labyrinthic  walls. 
The  central  chamber  communicates 
with  the  exterior  by  a  single  aper- 
ture, and  the  average  length  of  the 
chambers  of  the  British  Carbonifer- 
ous species  {Saccammina  Carteri, 
Brady)  is  as  much  as  i-8th  inch. 
It  forms  beds  of  limestone  in  the 
Carboniferous  of  the  South  of  Scot- 
land  and  North  of  England ;  but 
'{^^.^:n^^^ri)^^Tl^r^y:)  the  genus  is  not  known  to  occur 

B,  Spheres  of  the  same,  of  the  natural  size,  •  j-,-^egt         m   the  FOSt- 

cxhibitrng  variations.  PHocene,  and,  in  a  living  state,  in 

the  North  Sea.  The  genus  is,  however,  of  a  much  higher  antiquity 
than  the  Carboniferous,  since  it  is  found  to  be  largely  represented 
in'the  Ordovician  limestones  of  Ayrshire. 

In  a  number  of  very  interesting  forms  of  the  Astrorhizidce,  the  test 
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is  tubular,  composed  of  arenaceous  tubes,  of  which  the  sand-grains 
may  be  loosely  or  firmly  cemented  together,  and  which  may  be  free 
or  may  be  adherent  along  one  side  to  foreign  bodies.  The  tubular 
test  may  be  branched  or  radiate,  or  may  simply  be  more  or  less 
loosely  coiled  and  contorted.  One  of  the  most  remarkable  recent 
types  of  this  group  is  Syringamviina,  in  which  the  test  is  described 
by  Dr  Brady  as  forming  masses  of  branching,  radiating  tubes,  arranged 
in  more  or  less  distinct  layers  or  tiers.  In  Hyperammina,  again,  the 
test  (fig.  31)  has  the  form  of  a  sandy  tube,  often  of  indefinite  length, 


Fig.  31.— The  winding  tubular  test  of  Hyfcravivtina  vagans,  adherent  on  one  side  to  a  piece 
ot  broken  shell,  a  Initial  chamber  ;  b  General  pseudopodial  aperture.  The  figure  is  enlarged 
fifteen  diameters.    Recent.    (After  H.  B.  Brady.)  f  s  s 

with  the  closed  end  commonly  inflated  so  as  to  form  a  distinct 
chamber,  the  pseudopodia  being  emitted  from  a  general  aperture  at 
the  opposite  end  of  the  tube.  The  tube  in  this  genus  may  be  free, 
or  may  be  adherent  to  foreign  bodies. 

The  forms  just  mentioned  throw  light  upon  some  very  remarkable 
fossils  which  occur  in  great  numbers  in  certain  of  the  Ordovician 
limestones  of  Britain  and  North  America,  and  which  have  been 
described  under  the  generic  name  of  Girvanella  ( =  Strephochetus). 
The  fossils  in  question  present  themselves  in  the  form  of  small 
rounded  or  irregular  nodules  (fig.  32,  a),  which  are  sometimes  so 
abundant  as  to  constitute  a  conspicuous  element  in  the  limestone. 
When  broken,  these  nodules  show  a  distinctly  concentric  structure, 
and  when  examined  by  means  of  thin  sections  (fig.  32,  b),  they  are 
lound  to  consist  of  exceedingly  minute  circular  tubes  (about  1-45 
millimetre  in  diameter),  endlessly  contorted  and  bent,  and  twisted 
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together  in  loosely  reticulate  or  vermiculate  aggregations.  The  most 
probable  view  of  the  relationships  of  this  singular  fossil  is  that  it  is  an 


B 


Y\g,  — A,  Fragment  of  limestone  from  the  Ordovician  rocks  of  Craighead,  Girvan,  of  the 
natural  size,  showing  numerous  exceptionally  large  masses  of  Gitxianella  problematica ;  B, 
Section  of  a  minute  mass  o(  GhfcincUa,  enlarged  about  sixty  times.  (Original.) 

Arenaceous  Foraminifer,  allied  to  the  recent  genera  Syringammina 
and  Hyperammina. 

The  last  group  of  the  so-called  "Imperforate"  Forammifera  is 
that  of  the  Lituolida,  comprising  an  extensive  series  of  arenaceous 
types,  in  which  the  shell  consists  essentially  of  particles  of  coarse  or 
fine  sand  cemented  together  more  or  less  firmly.    In  many  cases 

the  cement  is  calcareous,  and  though 
the  shell  is  usually  imperforate,  the 
walls  are  in  other  cases  pierced  by 
pseudopodial  apertures.  Sometimes 
the  test  consists  of  purely  calca- 
reous particles  embedded  in  a  cal- 
careous cement.  In  Lituola  itself, 
the  type  of  the  group  (fig.  29,  d), 
the  test  is  generally  crosier-shaped, 
sometimes  nautiloid,  usually  with  a 
rough  exterior,  and  composed  of 
sand-grains  agglutinated  together. 
The  genus  ranges  from  the  Car- 
Fig  33  —Section  of  Carboniferous  Lime-    bonifcrOUS  tO  the  present  day.  An 

t^^^^J^S^^^'^^^^^  essentially  Carboniferous   type  is 

(Endoihyra)  and  a  few  oolitic  grams  mag-    J^„^(,thyra,    in    which    the   shcll  IS 

nified.  (Original.)  nautiloid,  or  rcscmbles  that  of  a 

Rotalia  in  shape,  and  is  found  abundantly  in  the  Mountain  Lime- 
stone of  Britain.  It  forms  in  America  entire  beds  of  the  Carbon- 
iferous Limestone  (fig.  33)-     Allied  to  Endofhyra  is  the  Liassic 
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genus  Ifivoluthia,  formerly  placed  among  the  Rotaline  Foraminifera. 
In  Trochammina  (fig.  29,  e)  the  test  is  usually  spiral,  consisting  of 
one  or  many  chambers,  free  or  attached,  and,  though  sandy,  with 
a  smooth  surface.  It  ranges  from  the  Carboniferous  to  the  present 
day.  ValvuUna  (fig.  34)  also  generally  has  a  spiral  shell  which  may 
l^e  free  or  attached,  and  is  normally  thick-walled,  imperforate,  and 
sandy.  Sometimes,  however,  the  shell  is  porous  and  smooth, 
and  in  other  cases  the  sandy  coating  seems  to  be  a  mere  en- 
crustation on  a  calcareous  and  perforate  shell,  so  that  ValvuUna 
(which  is  by  Brady  included  in  the  family  of  the  Textularida)  may 
be  regarded  as  a  transitional  type  between  the  series  of  the  imper- 
forate and  perforate  Foraminifera.  The  genus  makes  its  first  ap- 
pearance in  the  Carboniferous  of  Britain,  is 
abundant  in  the  Tertiaries,  and  is  represented 
in  existing  seas.  In  the  Nodosinella  of  the 
Carboniferous  we  have  another  curious  type, 

closely  resembling  the  well-known  Nodosaria 

mform,  but  having  a  sub-arenaceous,  imper- 
forate test.    A  still  more  singular  form  is  the 

Stacheia  of  the  Carboniferous,  in  which  the 

test  is  also  sub-arenaceous  and  imperforate, 

but  grows  parasitically  upon  foreign  bodies, 

in  the  shape  of  a  crust  composed  of  "an 

acervuline  mass   of  chamberlets "  (Brady). 

Lasdy,  there  is  a  peculiar  group  of  the  Lihi- 

olida  represented  by  the  recent  Cyclammitia 

and  the  extinct  Lqftusia,  in  which  the  test  is 

sandy,  and  the  finely  arenaceous  shell-wall  is     n.-  ,  ,. 

;„^„  11  11   .     1  ,  '^'ff-  34- — A,  Valvutifia  ial 

irregularly  cancellated,  so  as  greatly  to  restrict  <^otrochus,  viewed  in  profile, 
the  actual  cavities  of  the  chambers.  In  Cy  ''"'^ " 
dammina  the  shell  is  spiral  and  nautiloid 
with  numerous  chambers  arranged  in  an  in 
volute  series.  In  the  singular  genus  Loftusia  (fig.  35),  from  the 
Eocene  Tertiary  of  Persia,  the  test  is  fusiform,  and  may  attain  a 
length  of  from  two  to  three  inches.  As  regards  its  internal  structure 
the  shell  IS  composed  of  a  spirally  rolled  lamella,  the  volutions  of 
which  run  in  the  long  axis  of  the  test,  and  which  is  of  a  sandy 
exture  and  is  much  cancellated  (fig.  35,  b).  The  spaces  between 
tne  volutions  of  the  primary  lamella  are  intersected  by  obliquely 
directed  partitions,  which  are  also  cancellated  in  structure,  and  are 
connected  by  numerous  irregular  vertical  pillars. 

The  genus  Parkeria,  which  has  commonly  been  referred  here 
nas  been  shown  by  recent  investigations  to  be  truly  referable  to  the 
Jiydrozoa,  and  to  be  related  to  the  existing  Hydractinia. 

^-oming  next  to  the  great  series  of  forms  which  have  usually  been 

VOL.  I.  J  •' 


.  ........vi     111  ^lUlllC, 

-r  ^  and  enlarged  41;  diameters  ;  b, 
in  Cy-  The  same  viewed  from  below. 

Carboniferous  Limestone.  (Af- 
ter Brady.) 
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grouped  together  under  the  name  of  "  Perforate  Foraminifera,"  the 
first  family  we  hav.e  to  deal  with  is  that  of  the  Textularida,  in  which 
the  test  may  be  arenaceous  or  calcareous,  but  usually  possesses  a 
perforate  calcareous  basis.    The  smaller  forms  of  the  family  have  a 


F!<.  «  -A  A  specimen  of  Loftusia  pcrsica,  from  the  Eocene  of  Persia  of  the  natural  size 
cufooen  io  show  geTieral  plan  of  structure.  (After  Brady.)  B,  Portion  of  a  ^•ertlcal  section  ol 
wSrshowbrthe  minut^e  structure  of  the  test,  enlarged  about  ten  times.  (Original.) 

hyaline  calcareous  shell,  with  large  pseudopodial  foramina.  The 
chambers  are  usually  arranged  in  two  or  more  alternating  series, 
generally  in  a  straight  line,  but  sometimes  in  a  spiral.  In  many 
cases  (/-  in  Bigenerina)  the  test  is  dimorphous,  the  first-formed 
chambers 'being  in  a  double  series,  while  the  later  ones  are  um- 

serial.  In  Textularia  itself  (figs.  29, 
^  V     /,  and  36)  the  test  is  generally  coni- 
iilB       "^'^^  °''  wedge-shaped,  and  consists  of 
■■I'''' numerous  chambers  arranged  in  two 


1 


i  alternate  parallel  series.  Bigenerina 
f     is  much  the  same  as  Textularia, 


Pig.  36.—  Textularia  Mcyeriana. 
D'Orbigny. 


except  that  the  last-formed  seg- 
ments are  disposed  in  a  single  and 
not  a  double  series  ;  and  both  make 
their  first  appearance  in  the  Car- 
boniferous, the  latter  being  a  com- 
mon type  in  many  formations  and  being  specially  abundant  in  the 
Chalk  Bulimila  (fig.  29,  n\  dating  from  the  Trias  (Rh^tic)  on- 
wards consists  of  spheroidal  segments  which  progressively  mcrease 
Tn  st  aTd  form  an  oblique  spiral;  while  Cassidulina  (fig.  29,  , 
randng  from  the  Miocene  to  the  present  day,  though  truly  bisenal, 
L  n?oJf  or  ess  completely  rolled  up,  and  may  thus  be  regarded  as 
i:ZlZ^rTTxtulria'  Lastly,  auysidalina,  dating  from  the 
rhnlk  is  like  Textularia,  but  is  triserial.  ■    ,  .  a  ■ 

Close  V  rdated  to  the  Textularians  are  the  forms  included  in  the 
.malf  Soup  ofthe  CMlostomellidce,  in  which  the  test  is  many- 

and  finely  perforate.    The  segments  folio. 
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each  other  from  the  same  end  of  the  long  axis,  or  alternately  at  the 
two  ends,  or  in  cycles  of  three,  and  the  one  last  formed  more  or 
less  completely  embraces  those  previously  formed.  In  Chilosto- 
mella  itself,  the  segments  are  oval,  and  each  entirely  envelops  the 
previous  one ;  whereas  in  Allomorphina,  the  chambers  alternate  at 
three  sides  so  as  to  leave  portions  of  two,  in  addition  to  the  last  one, 
exposed  to  view.  The  former  genus  is  confined  to  the  Tertiary 
deposits,  and  the  latter  is  Cretaceous  and  Tertiary. 

The  great  family  of  the  Lagenida  comprises  "  hyaline  "  or  "  vit- 
reous "  Foramiiiife7-a,  with  a  calcareous  shell,  the  walls  of  which  are 
pierced  by  numerous  7iii?iute  pores,  and  are  usually  more  or  less 
strikingly  thin  and  glassy.    In  the  compound  forms  of  this  group 
the  successive  chambers  have  their  posterior  walls  formed  by  the 
front  wall  of  the  preceding  segment,  so  that  the  septa  are  always 
single,  instead  of  being  double,  and  there  is  never  any  "inter- 
mediate" skeleton.    The  family  may  be  divided  into  two  series, 
Zagena  itself  being  the  type  of  the  one,  while  Nodosaria  is  the  type 
of  the  other.    In  Lagetia  (fig.  29,  /)  the  shell  is  simple,  flask-shaped, 
unilocular,  with  a  single  prominent  aperture.    The  genus  commen- 
ces in  the  Silurian,  with  forms  little  diflerent  from,  or  identical  with, 
existing  types,  is  further  developed  in  the  Secondary  and  Tertiary^ 
and  is  well  represented  at  the  present  day.  Polymorphina  (fig.  2  9,y) 
IS  allied  to  Lagena,  but  it  is  multilocular,  the  chambers  being  usu- 
ally arranged  in  a  double  series.    It  is  represented  in  the  Trias, 
and  survives  under  common  types  at  the  present  day.    In  the 
series  of  which  Nodosaria  is  the  type,  we  have  perforate  Forami- 
nifera  consisting  of  a  succession  of  chambers,  each  of  which  is 
essentially  similar  to  a  Lagena,  arranged  in  a  series,  which  is  usually 
nearly  or  quite  straight,  though  sometimes  spirally  involuted.  In 
Nodosana  itself  (fig.  29,  g)  the  chambers  are  simple,  and  are  dis- 
posed in  a  straight  line.    It  ranges  from  the  Permian  to  the  present 
day.    Dentahna,  ranging  from  the  Carboniferous  onwards,  is  funda- 
mentally like  Nodosaria,  but  the  shell  is  bent  like  a  bow  Vann^ 
comprises  forms  similar  to  Nodosaria,  but  laterally  compressed 
and  begins  in  the  Trias  (Rh^etic).   Marginulina  (fig.  29,  h)  is  slightl^ 
curved,  or  is  sometimes  crosier-shaped,  and  also  starts  in  the  Trias. 
^2^dtcularta  (fig.  29,  /)  has  the  shell  flattened  out  and  leaf-like,  ■ 
and  ikevvise  makes  its  first  appearance  at  the  summit  of  the  Trias. 
Las  y,  Crtstellarta  (with  Robtdina)  comprises  forms  more  or  less 
he  n  or  crosier-shaped,  which  extend  from  the  Trias  to 

^'^TspeaSdly  '  development  both  individu- 

thJse  t^J^'^'^l  °^  "^l  Globigerinida^,  Dr  Carpenter  included  all 
ated  htT.  ^^T''"'"/^''^.  in  which  the  calcareous  shell  is  perfor- 
ated by  large-sized  pseudopodial  foramina,  but  the  group,  as  defined 
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by  Dr  H.  B.  Brady,  is  a  much  more  restricted  one.    The  test  is 
always  calcareous  and  perforate,  and  consists  of  a  few  inflated 
chambers  arranged  spirally,  or  of  a  single  chamber  only.    There  is 
no  "  supplementary  skeleton,"  and  there  is  a  large  single  or  mul- 
tiple "general  aperture"  to  the  shell.     The  apparently  simplest 
form  of  the  Globigerinida  is  Orbiilina  (fig.  22),  in  which  the  test 
has  the  external  form  of  a  single  globular  chamber,  the  walls  of 
which  are  perforated  by  a  double  series  of  foramina,  large  and 
small.     It  seems  more  than  doubtful  if  the  test,  as  represented 
in  fig.  22,  possesses  any  "general  aperture."     Doubt  has  been 
thrown  upon  the  true  relationships  of  Orbulina  by  the  discovery 
that  in  many  specimens,  especially  in  those  of  small  size,  the 
apparently  monothalamous  sphere  contains  in  its  interior  a  young 
Globigerina-shtW,  attached  to  the  inside  of  the  wall  by  slender 
spicules.     It  has  therefore  been  held  that  Orbulina  is  really  a 
form  of  Globigerina  in  which  the  last  chamber  includes  all  those 
previously  formed.     The  genus  Orbulina  has  a  world-wide  dis- 
tribution at  the  present  day,  and  its  earliest  representatives  appear 
in  deposits  as  old  as  the  Trias  (Rh^etic).     The  genus  Ovubtes, 
formerly  placed  in  the  immediate  neighbourhood  of  Orbulina,  ap- 
pears, according  to  recent  researches,  to  be  in  reality  a  Calcareous 
Alga     The  only  other  member  of  the  Globigerinidce  which  requires 
notice  is  the  type-genus  Globigerina  itself  (fig.  29,  k)  in  which  the 
test  is  polythalamous  and  coarsely  perforated  (fig.  20).    The  cham- 
bers are  few  in  number,  and  globose  in-  form,  and  are  usua  ly  arranged 
in  a  turbinate  spiral,  thus  resembling  the  shell  of  a  Rotalia  The 
chambers  do  not  communicate  with  one  another  directly,  but  each 
opens  by  a  special  aperture  into  a  deep  central  or  umbilical  depres- 
sion    In  pelagic  forms  (as  also  in  Orbulina)  the  test,  when  perfect, 
Appears  to^  be'  covered  with  long  and  extremely  dehcate  spine. 
Ghbigerina  dates  from  the  Trias,  and  is  extremely  ^bundant     It  is 
of  special  interest,  as  being  the  principal  constituent  of  the  ooze 
(fig  27)  found  at  great  depths  in  the  larger  oceans  at  the  present 
d!4^  while  its  shdls  form^n  equally  large  portion  of  the  White 

""TtiT^e^aid  important  family  of  the  RotaM.,  the  test  is 
tvpically  composed  "of  a  succession  of  coarsely  porous  or  globiger- 
nrselenTs!  arranged  in  a  turbinoid  spire,  and  communicating 

f^'  f  fhTrhi-nhers  are  exposed  to  view  on  the  upper  surface, 
t     .fon  the  untr  s  d"^^  last  convolution  is  visible,  differ- 

whereas  on  the  unaer  i,iuc  y  convex. 
en.typesvaryingas,c  wh,A  ^de  of  th    hell  ^^^^ 

The  shell-structure  may  be  simple,  out 


FORAMINIFERA. 


complex  and  is  furnished  with  a  "supplemental  skeleton"  and  "  canal- 
system"  (fig.  21).    Among  the  typical  Rotaline  forms,  the  genus 
Discordina,  with  its  coarsely  porous  shell,  dates  from  the  Chalk, 
and  is  found  living  in  our  seas.    PulvimiUna  (fig.  24),  on  the  other 
hand,  with  a  more  finely  porous  shell,  has  been  detected  by  Brady 
in  rocks  of  Carboniferous  age,  and  is  thus  one  of  the  earliest  rep- 
resentatives of  the  Rotalines.    In  Rotalia  itself  (figs.  21  and  29,  0), 
the  test  is  also  spiral  and  turbinoid,  but  its  structure  is  more  com- 
plex than  in  the  preceding,  the  shell-substance  being  compact  and 
very  finely  porous ;  while  each  chamber  is  enclosed  by  a  complete 
wall  of  its  own,  and  there  are  canal-like  spaces  between  the  two 
lamellae  forming  each  septum.    In  these  respects,  Rotalia  closely 
approaches  the  Nummuline  type.    The  earliest  Rotalia  appear  in 
the  Jurassic,  but  the  genus  attains  its  maximum  in  the  Tertiary 
period,  and  is  well  represented  at  the  present  day.    The  approxi- 
mation to  the  Nummuline  type  is  further  manifested  by  Calcarina 
(fig.  26,  B  and  c),  in  which  the  shell  is  spiral  and  discoidal,  with 
spur-like  marginal  appendages,  and  with  a  well-developed  "  supple- 
mental skeleton"  and  "canal-sytem."    The  genus  has  been  shown 
by  Brady  to  commence  in  the  Carboniferous.    In  Flafiorbulina  the 
shell  is  composed  of  numerous  segments,  at  first  spirally  and  then 
cyclically  disposed.    It  dates  from  the  Tertiary  period,  but  the 
forms  which  are  included  under  the  sub-generic  name  of  Trim- 
catulina  (fig.  29,  p)  commence  in  the  Carboniferous.  Tinoporus, 
datmg  from  the  Chalk,  is  in  some  respects  intermediate  between 
Calcarina  and  Planorbulina,  its  general  form  being  like  that  of  the 
former,  while  the  irregular  and  partly  cyclical  arrangement  of  its 
chambers  recalls  the  latter.    No  "general  aperture"  is  present,  but 
a  "  supplemental  skeleton  "  and  "  canal-system  "  are  developed,  both 
of  these  structures  being  wanting  in  the  allied  Gypsifia.  Though  not 
known  m  the  fossil  condition,  the  genus  Polytrema  may  be  alluded 
to  here,  smce  it  has  some  curious  resemblances  to  certain  of  the 
Polyzoa.    It  forms  crusts,  or,  more  commonly,  branched  outgrowths 
parasitically  attached  to  foreign  bodies ;  and  it  consists  of  numer- 
ous intercommunicating  irregular  chambers,  the  walls  of  which  are 
penetrated  by  an  extensive  system  of  capillary  canals,  a  true  canal- 
system  being,  however,  absent.    Polytrema  seems  to  be  the  rep- 
resentative in  the  Rotaline  series  of  the  singular  genus  Stacheia 
among  the  Imperforata.    Lastly,  an  aberrant  type  of  the  Rotalines 
IS  constituted  by  the  genus  Spirillina,  in  which  the  test  has  the 
orm  of  a  calcareous  tube,  without  any  internal  partitions,  coiled 
Hito  a  flat  spiral,  and  either  free  or  attached  to  some  foreign  body. 

livingTrms  ^"        '^^"'''''^  '''"'^      represented  by 

Finally,  we  have  the  family  of  the  Nummulittidce,  comprising  the 
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most  complex  and  the  most  highly  organised  of  all  the  Foraminifera. 
In  the  forms  included  under  this  head,  the  shell  is  compound ;  the 
successive  chambers  are  enclosed  each  in  its  proper  wall  (as  diagram- 
matically  shown  in  fig.  26,  a);  there  is  generally  a  well-developed 
"  intermediate  "  or  "  supplemental "  skeleton,  which  renders  the  shell 
strong  and  compact,  and  which  is  perforated  by  a  "  canal-system," 
originating  in  the  spaces  between  the  two  lamellae  composing  each 
septum ;  while  the  shell-substance  is  pierced  by  close-set  and  ex- 
tremely fine  tubules  (fig.  37),  the  septa  alone  wanting  these,  so 


Fig.  37.-Transverse  section  of  the  test  of  Nummulina  prhtina,  from  the  Carboniferous  Lime- 
stone, enlarged  loo  diameters,  showing  the  primordial  chamber  and  the  tubulated  shell-wall. 
(.\fter  H.  B.  Brady.) 

that  contiguous  chambers  usually  communicate  by  but  one  large 
aperture.  The  lower  forms  of  the  family  have  a  thickened  and 
finely  tubulated  shell-wall,  but  have  no  intermediate  skeleton.  The 
form  of  the  shell  is  typically  a  discoidal  spiral  or  a  cycloidal  disc. 

There  is  a  relationship  of  a  decided  character  between  the  higher 
Rotalines  and  the  NwnmuUnidcB,  as  exhibited  by  forms  like  Eotalia 
itself  and  Calcarina  on  the  one  hand,  and  by  Polystomella  and  Am- 
phistegina  on  the  other  hand.  In  Polystomella  (fig.  29,  s)  the  shell 
is  lenticular  and  discoidal,  and  is  composed  of  successive  chambers, 
which  are  prolonged  into  wing-like  ("alar")  prolongations,  which  ex- 
tend inwards  to  the  centre,  thus  concealing  the  earlier  turns  of  the 
spire  from  view,  while  the  centre  itself  is  occupied  by  a  solid  cal- 
careous boss,  penetrated  by  irregular  canals.  The  "canal-system 
is  extraordinarily  developed  and  very  complex.  Some  of  the  simpler 
types  of  Polystomella  are  grouped  together  under  the  name  of  mn- 
imina;  and  the  genus  seems  to  make  its  first  appearance  in  the 
Upper  Chalk,  being  well  represented  in  the  Tertiaries,  and  surviving 

to  the  present  day.  ,     ^     ,.  ... 

Amphistegina  still  more  closely  approaches  the  Rotalines,  with 
which  it  has  sometimes  been  grouped.  Its  shell  is  spiral  and  dis- 
coidal (fig.  29,  t\  usually  more  or  less  inequilateral,  each  chamber 
S  saddle-shaped,  and  sending  forth  "alar"  prolongations  which 
reach  nearly  to  the  Centre,  where  is  placed  a  solid  boss.  The  shell- 
sublnce,  with  exception  of  the  septa  and  the  central  boss,  is  pene- 
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trated  by  numerous  close-set,  parallel,  extremely  minute  tubules,  but 
the  "  canal-system  "  is  only  imperfectly  developed.  Brady  has  shown 
that  the  genus  occurs  in  the  Carboniferous ;  but  with  this  exception 
it  is  Tertiary  and  Recent. 

Another  very  ancient,  and  more  anomalous,  type  of  the  Nummu- 
line  group  is  the  Archcediscus  of  Dr  Brady  (fig.  29,  r),  which  occurs 
also  in  the  Carboniferous  Limestone.  In  this  curious  form  the  test 
is  "  convoluted,  rounded,  more  or  less  unsymmetrical ;  formed  of  a 
non-septate  tube  coiled  upon  itself  in  a  constantly  varying  direction  ; 
the  shell-wall  transversed  by  very  numerous  parallel  minute  tubuli  " 
(Brady). 

In  the  genus  Nummulina  itself  (fig.  38)  the  shell  is  coin-shaped, 
of  large  size,  sometimes  as  big  as  a  florin,  or  larger,  composed  of 


D 


Fig-  z%.—Nuitwmhna  nummularia.  a,  The  shell  viewed  from  above ;  b,  The  same 
horizontally  bisected  ;  c,  The  same  vertically  bisected  ;  D,  Vertical  section  of  part  of  the 
^In^  ,1,  ? V,'?'''f"^^''v^^,°''","S  the  chambers  of  the  median  plane,  the  alar  prolongations, 
and  the  tubuli  of  the  shell-substance.    Eocene  Tertiary. 

numerous  chambers  arranged  on  one  plane  in  a  regular  spiral.  Each 
chamber  is  saddle-shaped,  the  internal  or  "  alar  "  prolongations  of 
each  extending  to  the  centre,  so  that  each  revolution  completely 
encloses  and  conceals  from  view  all  the  preceding  ones.  The  suc- 
cessive chambers  communicate  by  means  of  arched  fissures,  which 
perforate  each  septum,  close  to  the  periphery  of  the  previous  turn  of 
the  spire,  while  secondary  and  irregular  pores  in  the  septa  discharge 
the  same  function.  The  general  shell-substance  is  traversed  by  ex- 
tremely minute  parallel  tubuli  (fig.  38,  d,  and  fig.  37);  and  there  is 
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a  supplemental  skeleton  (forming  the  so-called  "  marginal  cord  "), 
which,  together  with  the  septa,  is  penetrated  by  a  well-developed 
and  ramified  "canal-system"  (see  fig.  26,  d).    By  the  researches 
of  Brady,  we  know  now  that  the  range  of  the  genus  Ntimmulma 
in  time  must  be  carried  back  to  the  Carboniferous,  one  small  form 
(viz.,  Nti7>i?nulma  pristina,  fig.  37)  having  been  detected  in  the 
Mountain  Limestone  of  Belgium.    A  few  "  Nummulites  "  have  also 
been  detected  in  strata  of  Jurassic  and  Cretaceous  age,  but  the  maxi 
mum  development  of  the  genus  is  recorded  in  the  early  Tertiary 
period  (Middle  Eocene).    At  this  period  in  the  earth's  history  we 
find  the  Nummulites  existing  in  extraordinary  profusion,  and  build- 
ing up  the  widespread  and  massive  series  of  calcareous  deposits 
which  are  known  as  the  "  Nummulitic  Limestone."    According  to 
Sir  Charles  Lyell,  "  the  Nummulitic  Limestone,  with  its  characteristic 
fossils,  plays  a  far  more  conspicuous  part  than  any  other  Tertiary 
group  in  the  solid  framework  of  the  earth's  crust,  whether  in  Europe, 
Asia,  or  Africa.    It  often  attains  a  thickness  of  many  thousand  feet, 
and  extends  from  the  Alps  to  the  Carpathians,  and  is  in  full  force  in 
the  north  of  Africa,  as  in  Algeria  or  Morocco.    It  has  also  been 
traced  from  Egypt,  where  it  was  largely  quarried  of  old  for  the 
building  of  the  Pyramids,  into  Asia  Minor,  and  across  Persia,  by 
Bagdad,  to  the  mouths  of  the  Indus.    It  occurs  not  only  in  Cutch, 
but  in  the  mountain-ranges  which  separate  Scinde  from  Persia,  and 
which  form  the  passes  leading  to  Cabul ;  and  it  has  been  followed 
still  further  eastwards  into  India,  as  far  as  Eastern  Bengal  and  the 
frontiers  of  China."    In  the  later  Tertiary  period,  the  genus  under- 
went a  striking  degeneration  ;  and  it  is  represented  at  the  present 
day  by  only  a  few  small  forms,  which  are  found  in  arctic,  temperate, 
and  tropical  seas. 

Very  closely  allied  to  Nmnmulina,  and  of  equal  or  even  greater 


to  Brady  however,  some  species  of  Fusulina  are  discoidal  and  sym- 
metrical '  and  thus  not  distinguishable  inform  from  Nummulina  ; 
while  in  other  species  the  test  is  spherical.  In  internal  structure, 
md  especially  in  the  minute  tubulation  of  the  shell-substance,  the 


Fig.  39. — Fnsiilina  cylindrica. 
°  Carboniferous,  Russia. 


geological  importance,  is  the 
genus  Fusulina,  the  typical  forms 
of  which  (fig.  39)  are  spindle- 
shaped  in  figure,  and  may  be 
compared  to  a  Nummulite  drawn 
out  at  its  umbilici.  According 
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with  the  Nummulitic  Limestone  of  the  Eocene.  Thus  they  form 
whole  beds  of  the  Carboniferous  Limestone  in  Russia,  Central 
Europe,  Armenia,  India,  China,  Japan,  and  the  United  States. 
Though  pre-eminently  Carboniferous,  they  occur  also  in  the 
Permian. 

The  remaining  types  of  the  Nummulinida  can  be  merely  al- 
luded to  here.  The  genus  Orbiioides  is  extremely  like  Nunwiu- 
lina  in  external  appearance  and  form,  and  has  been  often  mis- 
taken for  it,  but  it  differs  considerably  in  its  internal  structure, 
and  especially  in  the  fact  that  its  mode  of  growth  is  cyclical  in- 
stead of  spiral,  and  the  place  of  the  "  alar  prolongations  "  of  the 
chambers  of  the  latter  is  taken  by  a  multitude  of  chamberlets. 
The  genus  appears  first  at  the  summit  of  the  Cretaceous,  but  it 
undergoes,  along  with  its  ally  Numinulina,  an  extraordinary  devel- 
opment in  the  early  Tertiary  period,  and  it  forms  immense  masses 
of  Eocene  limestone  in  the  Southern  United  States,  the  West  Indies, 
and  in  various  parts  of  the  Old  World.  A  nearly  allied  genus  is 
Cycloclypeus,  which  is  also  coin-shaped,  and  is  strictly  cyclical  in  its 
mode  of  growth.  It  occurs  in  the  Miocene  Tertiary,  and  the  only 
known  recent  types  attain  an  extraordinary  size  (over  two  inches 
in  diameter).  OpercuHna,  again,  is  much  more  closely  related  to 
Nuvwmlina  proper  in  its  internal  structure,  though  it  differs  in 
form,  owing  to  the  fact  that  the  chambers  of  the  spirally  inrolled 
shell  have  no  "  alar  prolongations,"  and  thus  approximate  to  the 
Rotaline  type.  The  genus  commences  in  the  Upper  Cretaceous, 
but  is  particularly  developed  in  the  Eocene  of  the  South  of  Europe 
and  Africa.  Lastly,  Heterostegma  (Tertiary  and  Recent)  differs  from 
OpercuUna  chiefly  in  having  the  principal  chambers  broken  up  into 
chamberlets  by  secondary  septa. 

APPENDIX  TO  FORAMINIFERA. 

EozooN  Canadense. 

In  connection  with  the  subject  of  the  Foraviinifera,  it  is  necessary  to 
consider  the  stincture  and  probable  nature  of  the  singular  body  to  which 
the  name  of  Eozoon  has  been  given,  since  this  body,  if  organic  at  all, 
must  be  regarded  as  referable  to  the  foregoing  group  of  organisms. 
There  is,  in  fact,  a  special,  twofold  interest  attaching  to  Eozoon,  if  it 
should  be  proved  that  the  body  so  named  is  truly  organic.  In  that  case, 
Eozoon  would,  on  the  one  hand,  be  the  most  ancient  type  of  life  which 
has  yet  been  detected  by  the  researches  of  palaeontologists,  while,  in  the 
second  place,  it  would  present  us  with  a  type  of  Foraminifera  of  colossal 
size,  and  in  other  respects  of  quite  peculiar  zoological  interest.  Since  the 
whole  subject  of  the  structure  and  relations  of  Eozoon  is  one  of  great 
complexity,  it  would  not  be  advisable  to  deal  with  it  here  in  any  detailed 
manner,  or  to  enter  into  the  long  and  still  unfinished  controversy  which 
kf  u  '^^■"'''^'^  °"  to  tlie  organic  or  inorganic  nature  of  this  remark- 
aoie  body.    It  will  be  sufficient  to  briefly  describe  the  general  form  and 


138 


PROTOZOA. 


mode  of  occurrence  of  Eozoon,  the  chief  structural  features  which  it 
presents  in  thin  sections,  and  the  general  explanation  of  these  features 
given  respectively  by  those  who  regard  it  as  Foraminiferal  and  those  who 
consider  it  to  be  a  purely  mineral  structure.  In  addition,  it  may  not  be 
out  of  place  to  indicate  a  few  considerations  based  upon  a  prolonged  and 
careful  microscopical  investigation  which  the  present  writer  has  inde- 
pendently carried  out  into  the  structure  of  this  problematical  body. 

The  peculiar  structure  which  has  been  described  under  the  name  of 
Eozoon  Canadense  occurs  in  the  ci-ystaUine  metamorphic  limestones  of 
the  Lower  Laurentian  in  Canada,  and  it  has  also  been  detected  in  the 
same  country  in  similar  limestones  believed  to  be  of  the  age  of  the  Upper 
Laurentian  or  Huronian.  An  allied  form  (species  ?)  has  been  found  in 
rocks  supposed  to  be  Laurentian  in  Newfoundland  ;  and  Dr  Giimbel  has 
described  a  third  form  from  crystalline  limestone  belonging  to  the 
"  Hercynian  gneiss  formation"  (Lower  Cambrian  or  Huronian?)  of 
Bavaria. 

As  regards  its  mode  of  occurrence,  Eozoon  appears  to  most  com- 
monly present  itself  in  the  form  of  spreading  layers  or  confluent  masses. 
According  to  Sir  William  Dawson,  however,  comparatively  small,  isolated 
specimens  are  found,  which  have  a  "  broadly-turbinate,  funnel-shaped, 
or  top-shaped  form,  sometimes  with  a  depression  on  the  upper  surface." 
The  same  observer  has  also  described  the  occurrence  of  vertical  tubes 
of  large  size  traversing  masses  of  Eozom,  and  has  compared  these  with 
the  oscular  canals  of  Sponges. 

As  regards  its  macroscopic  characters,  a  mass  of  Eozoon  shows  a  con- 
spicuous structure  out  of  thin  alternating  laminae,  arranged  parallel  with 
one  another  and  often  more  or  less  concentrically  (fig.  40).    The  laminae 


Fif.  40.— Fragment  o(  Eozoon,  of  the  natural  size,  showing  alternating  lamina  of  loganite 
°  and  dolomite.    (.-Vfter  Dawson.) 

of  such  a  mass  are  usually  of  different  colours  and  composition ;  one 
series  being  white,  and  composed  of  carbonate  of  lime  — whilst  the 
laminse  of  the  second  series  alternate  with  the  preceding,  are  green  in 
colour,  and  are  found  by  chemical  analysis  to  consist  of  some  silicate, 
generally  serpentine  or  the  closely  related  "  loganite,"  or  white  pyroxene. 
In  some  instances,  however,  according  to  Dawson,  all  the  laminae  are 
calcareous,  the  concentric  arrangement  still  remaining  visib  e  in  conse- 
quenJe  of  the  fact  that  the  laminae  are  composed  alternately  of  lighter 
and  darker  coloured  hmestone.  The  calcareous  layers  .41,  a)  are 
composed  of  coarsely  crystalline  calcite  (as  viewed  macroscop.cally),  and 
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var>'  much  in  thickness,  not  only  in  different  specimens,  but  commonly 
in  different  parts  of  the  same  specimen.  According  to  Dawson,  in 
isolated,  inversely  conical  specimens  it  is  the  laminae  at  the  base  which 
are  the  thickest.  Very  commonly,  the  laminae  subdivide  and  coalesce 
with  one  another.  The  serpentinous  layers,  which  alternate  with  the 
calcareous  lamin<E,  usually  show  a  more  or  less  conspicuous  structure 


Fig.  41  —Minute  structure  of  Eozoon  Cnncuiense,  from  the  Laurentian  limestones  of  Canada. 
A,  Fart  of  a  vertical  section  of  Eozooti,  enlarged  about  ten  times,  showing  the  alternating  layers 
ot  calcite  (<:)  and  serpentine  (j) ;  b,  Part  of  a  calcareous  lamina,  cut  vertically,  showing  the 

cana  -system  enlarged  about  forty-five  times  ;  c.  Part  of  a  calcareous  lamina,  cut  horizontally, 
and  enlarged  about  sixty  times,  showing  the  large  and  small  branches  of  the  canal-system  ;  d, 
rart  ot  a  vertical  section  of  a  calcareous  lamina,  enlarged  about  one  hundred  times,  showing  the 
nner  divisions  of  the  canal-system  and  the  so-called  "  proper  wall "  {iu).  c,  Calcareous  lamina; ; 
^^^.^T^l'jious  laminae ;  w,  The  so-called  "  proper  wall " ;  ca.  Large  branches  of  the  canal-system. 


out  of  small  rounded  or  lenticular  masses.  This  characteristic  botryoidal 
structure  of  the  serpentinous  laminae  is  best  studied  in  polished  specimens 
which  have  been  treated  with  weak  acids,  so  as  to  dissolve  out  the  cal- 
careous portions  of  the  mass  to  a  limited  depth  below  the  surface. 
.  As  regards  the  microscopic  structure  of  Eosoon,  the  calcareous  laminte, 
m  well-preserved  examples,  e.xhibit  a  very  remarkable  canaliculated  or 
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tubulated  structure.  In  parts  in  which  this  structure  is  preserved,  the 
crystalline  calcite  of  the  calcareous  lamina;  is  seen  to  be  traversed  by 
branching  and  dendritic  canals  (fig.  41,  B  and  c).  Some  of  these  canals 
(fig.  41,  b)  are  of  comparatively  large  size,  and  these  are  generally  more 
or  less  extensively  occupied  with  an  infilling  of  serpentine,  though  some- 
times partially  filled  with  calcite.  In  connection  with  these  large  canals 
are  much  more  delicate  canaliculi  or  tubules  (fig.  41,  C  and  d),  which  run 
more  or  less  parallel  with  one  another,  or  have  a  tufted  arrangement,  and 
which  are  commonly  filled  with  transparent  calcite.  At  the  edges  of  the 
calcareous  laminae  these  delicate  and  branching  tubules  often  appear  to 
terminate  in  a  narrow  belt  or  selvage  (the  so-called  "  proper  wall "  or 
"  Nummuline  layer"  of  Carpenter  and  Dawson),  which  has  a  transversely 
striated  aspect,  as  if  composed  of  parallel  fibres  or  traversed  by  innumer- 


Ki"-  42.— Portion  of  one  of  the  calcareous  layers  oi  Eozodn,  magnihed  loo  diameters,  a  a. 
The  proper  wall  ("  Nummuline  layer")  of  one  of  the  chambers,  showing  the  fine  vertical  tubuli 
with  which  it  is  penetrated,  and  which  are  slightly  bent  along  the  line  a  a  ;  cc,  lUt  inter- 
mediate skeleton,  with  numerous  branched  canals.  The  oblique  ines  are  the  cleavage-planes 
of  the  carbonate  of  lime,  extending  across  both  the  intermediate  skeleton  and  the  proper  wall. 
(After  Carpenter.) 

able  minute  tubuli  (fig.  41,  D,  w).  According  to  the  observations  of 
Dawson,  this  narrow  selvage,  or  "  proper  wall,"  consists  of  finely  dividea 
tubes,  similar  to  those  of  the  canal-system,  and  composed  of  its  finer  sub- 
divisions placed  close  together  so  as  to  become  approximately  parallel 

^^TlS  actual  structure  of  Eozoon  being  as  above  briefly  described,  we 
may  in  the  next  place  shortly  consider  the  interpretation  placed  upon  this 
structure  by  those  who  regard  it  as  organic  in  origin,  and  who,  like  \^  .  a 
Carpenter,  Dawson,  and  Rupert  Jones,  consider  it  to  represent  an  ancient 
tvoe  of  the  Foraniinifera.  Upon  this  view— which  a  reference  to  the 
subjoined  diagrammatic  figure  (fig.  43)  will  render  readily  intelligible- 
the  cTareous  lamina  b)  oi  a  mass  of  Eozoon  represent  the  orig.na 
calcareous  skeleton  of  a  gigantic  Foraminifer,  while  the  serpentmous 
fayeS  represent  the  successive  tiers  of  chambers  separating  successive 
of  the  skeleton.    The  calcareous  skeleton  itself  has  been  laigely 
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Fig.  43. — Diagram  of  a  portion  of  Eozoon  cut  verti- 
cally. A,  B,  c,  Three  tiers  of  chambers  communicating 
with  one  another  by  slightly  constricted  apertures  ;  a  a, 
The  true  shell-wall,  perforated  by  numerous  delicate 
tubes  ;  b  b,  The  main  calcareous  skeleton  ("  intermedi- 
ate skeleton  c.  Passage  of  communication  ('*  stolon- 
passage  ")  from  one  tier  of  chambers  to  another;  d, 
Ramifying  tubes  in  the  calcareous  skeleton.  (After 
Carpenter.) 


crystallised  or  otherwise  altered  by  the  metamorphic  agencies  which 
have  affected  the  entire  mass  of  the  enclosing  rock  ;  and  the  original 
chambers  between  successive  layers  of  the  shell  have  been  filled  up 
with  serpentine  or  some  other  silicate,  which  has  taken  the  place  of 
the  living  matter  which,  to 
begin  with,  is  supposed  to 
have  occupied  these  spaces. 
The  serpentinous  infilling  has 
been  deposited  from  solution 
in  water,  and  has  not  only 
usually  occupied  the  large 
chambers  between  the  cal- 
careous laminae,  but  has  also 
more  or  less  extensively  pen- 
etrated into  the  larger  canals 
or  even  the  minuter  tubuli 
which  traverse  the  substance 
of  these  laminse.  Placing 
this  interpretation  upon  the 
observed  structure  of  Eozoon, 
the  central  and  principal  por- 
tion of  each  calcareous  lam- 
ina (fig.  43,  b  b)  is  regarded 
as  corresponding  with  the 
"  supplemental  skeleton  "  of 
such  a  Foraminifer  as  Cal- 
carina  or  Nummulma,  while 
the  branching  tubes  which 

traverse  the  lamina  (fig.  43,  d),  are  considered  to  represent  the  "  canal- 
system  "  of  the  same.  Moreover,  the  narrow,  transversely  striated  band 
or  selvage,  which  nomially  bounds  each  calcareous  lamina  above  and 
below  (fig.  43,  a  a),  is  regarded  as  corresponding  with  the  "  proper  wall " 
of  such  a  Foraminifer  as  Nwntnulina,  and  has  therefore  been  com- 
monly spoken  of  as  the  "  Nummuline  layer."  On  this  view,  therefore, 
the  so-called  "proper  wall"  is  part  of  the  actual  skeleton,  and  the 
vertical  Hnes  which  traverse  it  represent  minute  tubules,  which  open 
into  the  chambers  and  on  the  surface  by  correspondingly  fine  pores. 
It  need  only  be  added  that  if  the  above  explanation  of  the  observed 
structure  of  Eozoon  be  accepted,  it  then  takes  its  place  in  the  series 
of  Foraminifera  as  a  gigantic  and  aberrant  member  of  the  Ntan- 
niiilinidce,  having  a  quite  special  interest  and  importance  as  both  the 
oldest  known  fossil  and  also  the  largest  of  known  Protozoans. 

On  the  other  hand,  very  weighty  objections  have  been  urged  against 
the  theory  of  the  organic  nature  of  Eozoon  by  many  observers,  and  more 
especially  by  Mobius  in  Germany  and  King  and  Rowney  in  Britain. 

It  would  be  out  of  place  here  to  attempt  to  discuss  these  objections,  but 
the  followmg  are,  in  brief,  the  more  important  arguments  which  have 
been  brought  forward  against  the  organic  nature  oi  Eozoon  and  in  favour 
of  the  view  that  it  is  a  purely  mineral  structure  : — 

.'^^  The  structure  to  which  the  name  of  Eozoon  is  applied  is  found  in 
highly  crystalline  rocks,  and  in  parts  of  these  which  are  much  broken 
and  altered.  Moreover,  no  unquestionable  organic  remains  have  been 
aiscovered  in  association  with  Eozoon. 

b.  The  general  form  of  Eozoon  is  very  irregular,  and  though  its  minute 
structure  (supposing  it  to  be  organic)  would  show  that  it  belongs  to  the 
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Foraminifera,  it  cannot  be  closely  compared  with  any  known  type, 
recent  or  extinct,  belonging  to  this  group  of  organisms. 

c.  The  thickness  of  the  calcareous  laminje  of  Eozoon  is  not  only  very 
variable  in  different  specimens,  but  is  liable  to  great  variation  even  in  a 
single  specimen.  On  the  supposition,  however,  that  the  calcareous 
laminae  represent  the  layers  of  the  skeleton  of  a  Foraminifer  or  other 
calcareous  organism,  it  would  seem  very  improbable  that  such  great 
variations  in  their  thickness  should  be  found  to  exist. 

d.  On  the  hypothesis  of  the  organic  nature  of  Eosoon,  there  is  a  strong 
a  priori  improbability  of  such  exceedingly  minute  structures  as  the 
"  canal-system "  of  a  Foraminifei-al  test  being  preserved  in  rocks  so 
highly  crystalline  as  are  the  Laurentian  limestones. 

e.  The  canals  of  the  so-called  "  canal-system  "  are  often  flat,  instead  of 
round,  and  are  commonly  unequal  in  point  of  size,  while  it  is  not  unusual 
to  find  them  running  obliquely  to  the  calcareous  laminse  instead  of  trans- 
versely. These  considerations  would  tend  to  show  that  the  "canal- 
system"  is  of  inorganic  origin. 

/  The  "  proper  wall "  is  not  truly  tubulated,  but  is  formed  of  minute 
parallel  fibres  of  serpentine.  It  is  therefore  a  purely  inorganic  structure, 
and  is  really  of  the  nature  of  a  vein  of  fibrous  serpentine  ("  chrysotile  "). 

Some  of  the  above  arguments  against  the  organic  nature  of  Eozoon 
are  of  a  general  nature,  and  their  weight  must  necessarily  remain  largely 
a  matter  of  individual  judgment.  Others  are  of  a  special  character,  and 
deal  with  matters  of  observation,  as  to  which  there  are  differences  of 
opinion.  The  special  arguments  all  hinge  upon  two  points— viz.,  the 
"  canal-system  "  and  the  "  proper  wall  "—and  with  regard  to  these  the 
following  considerations  may  be  indicated  :  On  the  view  that  the 
"  canal-system  "  is  of  inorganic  origin,  it  has  usually  been  assumed  that 
it  consists  of  branched  fibres  of  serpentine  or  of  some  other  silicate, 
developed  in  the  calcareous  lamina.  The  larger  canals  are,  it  is  true, 
commonly  filled  with  serpentine,  but  it  admits  of  demonstration  that  the 
smaller  canals  are  commonly,  and  in  fact  usually,  occupied  sunply  by 
crystallifte  carbonate  of  lime.  On  this  point,  the  author  is  able  to  fully 
corroborate  the  observations  of  Carpenter  and  Dawson.  In  the  second 
place  it  can  be  proved  that  the  so-called  "  proper  wall"  of  Eozoon  is,  as 
a  rule,  calcareo7is,  and  that  it  cannot,  therefore,  be  regarded  as  univer- 
sally of  the  nature  of  fibrous  serpentine  (chiysotile).  This  can  be  best 
shown  by  acting  with  acids  on  thin  vertical  sections  of  Eozoon  along  a 
narrow  transverse  band,  leaving  the  two  ends  of  the  section  untouched. 
When  this  is  done,  it  is  found  that  along  the  narrow  tract  acted  upon  by 
the  acid,  not  only  have  the  calcareous  laminje  been  dissolved  out,  but 
the  so-called  "  proper  wall "  has  at  the  same  time  also  disappeared,  its 
composition  out  of  carbonate  of  lime  being  thus  conclusively  proved. .  In 
som?  cases,  the  "  proper  wall "  does  not  appear  to  be  wholly  destroyed 
by  acids,  and  in  such  cases  it  may  be  supposed  that  the  ubuli  of  this 
structure  have  been  injected  with  serpentine,  and  have  thus  been  enabled 
to  resist  the  action  of  the  solvent.  The  above  observation,  a  any  rate 
appears  to  show  conclusively  that  the  so-called  "proper  wall"  cannot 
beSy.  of  the  nature  of  a  layer  or  vein  of  fibrous  serpentine  (chr>^o- 

ilef^nce  it  is  very  commonly  and  quite  unquestionably  soluble  in  weak 
adi    At  the  sanYetime,  true  chrysotile  veins  often  intersect  masses  of 

7':o-^n%.  it  is  ^ite  p;^ "  -  s~  trsJ  -^s^ 

"  proper  wall." 
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Upon  the  whole,  therefore,  it  would  appear  that  the  much -vexed 
question  of  the  true  nature  of  Eozoon  is  still  incapable  of  receiving  its 
final  solution.  It  is  clear  that  in  any  endeavour  to  solve  this  problem 
only  the  best  specimens — those,  namely,  which  possess  the  so-called 
"canal-system"  and  "proper  wall"  in  a  well-presei-ved  state-— can  be 
taken  into  account ;  since  it  is  one  of  the  most  ordinary  experiences  of 
palaeontologists  to  find  that  out  of  a  series  of  specimens  of  some  quite 
indubitable  fossil — such  as  a  coral — only  a  very  limited  number  retain 
their  internal  structure  in  a  recognisable  condition.  It  is  also  a  reason- 
able argument  that  until  mineralogists  or  petrologists  are  able  to  point  in 
some  unquestionable  mineral  or  rock  to  a  structure  strictly  comparable 
with  the  "canal-system"  oi Eozoon,  they  are  not  entitled  to  assert  posi- 
tively that  the  latter  has  a  purely  inorganic  origin.  Lastly,  some  weight 
must  be  attached  to  the  argument  that  though  atialogotis  structures 
(banded  rocks  of  various  kinds)  are  known,  nothing  clearly  inorganic  has 
yet  been  discovered  the  general  structure  of  which  can  be  regarded  as 
precisely  parallel  with  that  of  Eozoon. 

In  connection,  finally,  with  the  subject  of  Eozoon,  it  may  be  noticed 
that  Sir  William  Dawson  has  given  the  name  of  ArchcEosphcErincE  to 
small  spherical  masses  of  serpentine,  sometimes  single,  sometimes  united 
together  in  small  numbers,  which  he  finds  in  the  Laurentian  limestones 
of  Canada,  and  which  he  states  to  be  surrounded  by  a  tubulated  cal- 
careous shell,  resembling  the  "  proper  wall "  of  Eozoon.  He  is  of  opinion 
that  these  bodies  are  either  detached  chamberlets  of  Eozoon,  or  that 
they  are  independent  organisms,  allied  to  Eozoon,  but  of  a  simpler 
type. 
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PROTOZOA—  Continued. 


Radiolaria. 


The  order  of  the  Radiolarians  comprises  a  vast  number  of  Rhizo- 
pods,  in  which  the  sarcode-body  consists  of  a  central  protoplasmic  mass, 
enclosed  in  a  porous,  membranous,  or  chitinous  capsule,  which  is  in 
turn  surrounded  by  a  thick  layer  of  sarcode.  The  i7itra-capsular  sar- 
code  contains  a  central  "  micleus,"  and  the  pseudopodia  (fig.  44)  have 
the  forjn  of  slender  radiating  filaments,  which  rarely  anastomose  tvith 


Fie.  ,,.-Eucccryphalus  Schun.ei,  with  the  P-"dopodia  extended  ^howmg  the  perforated 
^  silicons  test  and  the  lobed  protoplasmic  body.    (After  KoUiker.; 

one  another.  As  a  rule,  the  protoplasmic  body  secretes  a  radially 
Zposed  skeleton  composed  of  silica,  of  a  sihcate,  or  of  a  horny  sub- 

'''Z^^ skeleton  of  the  ^^diolarians  some  forn. 

sicolla   Thalassolampe,  Collozoum,  &c.)  are  wholly  devoid  of  hard 
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Structures.    Moreover,  among  those  types  in  which  a  skeleton  is 
developed,  there  are  great  differences  as  regards  both  the  chemical 
composition  and  the  structure  of  this.    As  regards  the  first  of  these 
points,  the  skeleton  is  never  calcareous,  but  presents  itself  under  one 
or  other  of  the  following  three  modifications.    In  the  first  place,  the 
skeleton  may  be  composed  of  pure  silica.    This  is  the  case  in  the 
Folycystina  (the  Spumellaria  and  Nassellaria  of  Haeckel),  which 
constitute  the  largest  and  most  typical  group  of  Radiolarians.  In 
another  series  of  forms  the  skeleton  is  a  compound  of  silica  with 
some  organic  compound,  or  is  a  "silicate  of  carbon"  (Haeckel).* 
This  occurs  in  the  entire  group  of  the  Phceodaria,  except  in  Didy- 
ocha  and  its  allies.    Lastly,  in  a  third  series  of  forms  the  skeleton 
consists  of  a  peculiar  organic  substance  ("acanthin")  allied  to 
chitine  or  horn.    The  forms  in  which  the  skeleton  is  of  this  nature 
are  grouped  together  by  Haeckel  under  the  name  of  Acantharia. 

As  regards  the  form  of  the  skeleton,  the  most  usual  type  is  that  of 
a  latticed  shell  (fig.  45),  enclosing  the  central  capsule.  In  certain 
Radiolarians,  however,  the  skeleton  consists  of  radially  or  tangen- 


Fig.  45.— Skeletons  of  Folycystina. 


,  Jincyrtidiiim  Ingena.    (After  Haeckel.)  * 


Of  ^'        !  '  ^''^^^  Of  '-i  Simple  ring,  or 

of  a    basal  tnpod  with  or  without  a  loose  tissue  of  trabecule  "  (Haec- 

bar.  f'^yy^^''^'  {Spumellaria  and  Nassellaria),  the  siliceous 

the  nnrl   f  1  '"^'-^"^bly  solid,  whereas  in  the  Phceodaria 

tne  parts  of  the  skeleton  are  always  hollow 

lariaLT^?  '^I'  't"?'"^'"'''  Haeckel  raises  the  Radio- 

hem  nfn  Ih'  ?u       '  °f       ^'"'"'"^'^  '-^"d  he  divides 

them  mto  the  following  four  legions  or  sub-classes  :— 

Vor^i^^Y^^A^-^^tZ^^^         membrane  perforated  by  innumerable  fine- 
VOL.  ongmally  spherical.    Skeleton  siliceous,  or 
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in  some  cases  absent.    No  dark  pigment-body  ("  phaeodium ")  in  the 
extra-capsular  sarcode. 

This  division  inckides  forms  such  as  Thalassicolla  and  Collozoum,  in 
which  the  skeleton  is  wanting,  with  others  having  a  skeleton  of  siliceous 
spicules,  and  with  a  large  number  of  the  forms  usually  spoken  of  as 
"  Polycystina  "  in  which  the  skeleton  has  the  form  of  a  latticed  siliceous 
shell. 

2.  ACANTHARIA.— Capsular  membrane  perforated  by  numerous  fine 
pores.  Fundamental  form  originally  spherical.  Skeleton  composed  of 
"  acanthin."  No  dark  pigment-body  in  the  extra-capsular  sarcode.  This 
group  includes  forms  such  as  Acanthometra  and  its  allies. 

3.  NasSELLARIA. — Capsular  membrane  perforated  by  a  porous  area,  or 
by  one  single  large  opening  divided  into  numerous  very  fine  pores. 
Fundamental  fonn  originally  egg  -  shaped.  Skeleton  siliceous.  No  dark 
pigment-body  ("  phseodium")  in  the  extra-capsular  sarcode.  This  group 
comprises  all  those  '■'■Polycystina^''  which  are  not  included  under  the 
head  of  Spumellaria. 

4.  Ph^odaria.  —  Capsular  membrane  double,  perforated  by  one 
simple  main  opening  prolonged  into  a  tube,  commonly  with  one  or  two 
small  accessory  openings.  Fundamental  form  originally  egg-shaped. 
A  dark  pigment-body  ("phaeodium")  is  constantly  present  in  the  extra- 
capsular sarcode.  The  skeleton  is  siliceous,  being  usually  composed  of 
a  compound  of  silica  with  some  organic  substance,  but  in  other  mstances 
{Dictyocha)  consisting  of  pure  silica. 

As  regards  their  distribution  in  space,  the  Radiolarians  are  exclu- 
sively marine,  and  are  found  in  all  seas  and  at  all  depths.  They  are 
commonly  floating  organisms,  and  are  often  present  in  enormous 
numbers,  the  greatest  variety  of  specific  types,  however,  being  found 
in  the  warm  seas  of  the  tropics.  Many  Radiolarians  are  "  pelagic,"^ 
and  inhabit  the  surface-waters  of  all  oceans ;  others  are  "  abyssal," 
and  are  confined  to  great  depths  in  the  sea ;  while  others,  again,  are 
"zonarial,"  and  are  restricted  to  particular  bathymetrical  horizons 
between  the  surface  and  the  bottom.  Over  large  areas  of  the  deep 
sea,  principally  at  depths  of  from  two  thousand  to  over  four  thousand 
fathoms,  the  bottom  is  found  to  be  covered  with  extensive  deposits 
of  "  Radiolarian  ooze."  The  deposit  so  called  is  a  siliceous  mud, 
with  little  calcareous  matter,  which  is  composed  more  or  less  largely 
of  the  siliceous  tests  of  various  Radiolarians.  The  skeletons  of 
Radiolarians  are,  however,  also  present,  in  smaller  or  greater  num- 
bers, in  many  of  the  marine  deposits  which  are  formed  at  compara- 
tively limited  depths.  . 

As  regards  their  distribution  in  time,  the  Radiolarians  are  abun- 
dantly represented  by  fossil  forms,  and  are  now  known  to  have  a 
high  antiquity.  Owing,  however,  to  the  vast  number  of  forms  in- 
cluded in  the  Radiolaria,  and  the  great  complexity  of  their  classifica- 
tion the  study  of  the  fossil  types  can  hardly  be  undertaken  except 
bv  t  specialist.    For  these  reasons,  nothing  further  will  be  here 

attempted  than  merely  to  give  a  brief  -^^^"^V'V'TVeTuden 
facts  relating  to  the  past  history  of  the  Radwlaria.    The  student 
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desirous  of  fuller  information,  or  anxious  to  study  the  fauna  of  any 
particular  Radiolarian  deposit,  will  of  necessity  consult  the  works  of 
Ehrenberg,  Rlist,  Haeckel,  and  others,  who  have  specially  devoted 
themselves  to  the  study  of  these  minute  organisms. 

As  regards  the  past  history  of  the  great  groups  of  the  Radiolarians, 
the  Acantharia,  in  which  the  skeleton  is  composed  of  "  acanthin," 
are  wholly  unknown  in  the  fossil  condition.  This  is  likewise  the 
case  with  the  group  of  the  Phceodaria — in  which  the  skeleton  is 
composed  of  silicate  of  carbon — with  the  single  exception  of  the 
small  group  represented  by  Didyocha  and  its  allies,  in  which  the 
skeleton  is  purely  siliceous.  In  Didyocha  (fig.  46,  d\  the  skeleton 
is  composed  of  irregular  bars  of  flint  united  into  a  loose  network  with 
wide  meshes.  The  genus  begins  in  the  Upper  Chalk,  and  is  repre- 
sented in  Tertiary  deposits  and  in  recent  seas. 

With  the  above-noted  exception,  all  the  known  fossil  Radiolarians 
belong  to  the  group  of  the  so-called  Folycystina,"  comprised  in  the 
two  divisions  defined  by  Haeckel  under  the  names  Spumellaria  and 
Nassellaria.  In  all  of  these  forms  the  skeleton  is  purely  siliceous, 
and  it  usually  has  the  form  of  a  porous  latticed  shell,  the  precise 
shape  of  which  varies  in  different  types. 

Until  recently,  Radiolarians  had  only  been  detected  in  the  fossil 
condition  in  deposits  of  Kainozoic  and  Mesozoic  Age;  and  our 
knowledge  of  Paleozoic  types  of  Radiolarians  is  still  very  incomplete. 
According  to  Haeckel,  however,  Dr  Riist  (whose  researches  on  this 
subject  are  still  unpublished)  has  discovered  various  types  of  Poly- 
cystina,  "  of  very  simple  form  and  primitive  structure,"  in  rocks  as 
old  as  the  Silurian,  or  even  the  Cambrian.  The  remains  of  Radio- 
larians have  also  been  indicated  as  occurring  in  the  Carboniferous 
Limestone  of  England,  but  the  true  nature  of  these  has  not  been 
clearly  established.  ^ 

Radiolarian  remains  have  now  been  discovered  in  all  the  great 
Mesozoic  systems.  From  the  Jurassic  system,  in  particular,  numer- 
ous fossil  Folycystina  have  been  described  by  Zittel,  Dunikowski, 
and  Rust.  A  noticeable  Jurassic  genus  is  Ccenosphcera,  which  is 
also  found  in  the  Chalk,  in  the  Miocene  marls  of  Barbados,  and  in 
recent  seas,  and  which  has  relationships  with  Collosphcera.  Many  of 
the  Jurassic  Radiolarians  occur  in  jasper,  flint,  or  chert:  but  they 

r"""?  ij^u''^""'^'""^  ^"  ^^^^  '^''^^^  been  termed  "Radiolarian 
rn I  \-  J  """^  cryptocrystalline  quartzites  or  hard  siliceous 
n?.;!/  K^n  ^°™Posed  "for  the  most  part  of  the  closely  com- 
pacted shells  of  Spumellaria  and  Nassellaria"  (Haeckel).  The 

siona^y  tinTaUv  cl'i?n='  f  r^l  Carboniferous  Limestone  of  Britain  are  occa- 
described  unde  V™^^^^  spheres  which  have  been 

composed  of  carbin-.t^^f  1°  "^'^^^^  enigmatical  bodies  are  now 

ally  s°l  ceous  and  th.f  h!.       '  ""^V  ^""f  ''f   conjectured  that  they  were  origin- 
>    "ceous,  and  that  they  are  really  referable  to  the  Radiolaria. 
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jaspers  with  Radiolarians  are  considered  by  Haeckd  as  of  the  nature 
of  true  "  sihcified  deep-sea  Radiolarian  ooze."  Many  forms  of  Radi- 
olarians have  also  been  yielded  by  the  so-called  "  Radiolarian  copro- 
lites  "  of  the  Lias  of  Hanover.  These  are  "  roundish  or  cylindrical 
bodies,  which  may  attain  the  size  of  a  goose-egg ;  they  probably 
originated  from  Fish  or  Cephalopods,  which  had  fed  upon  Crustacea, 
Pteropoda,  and  similar  pelagic  organisms,  whose  stomachs  were  al- 
ready full  of  Radiolarian  skeletons  "  (Haeckel). 

The  Radiolarians  which  have  hitherto  been  discovered  in  the 
Cretaceous  rocks  are  few  in  number,  but  Zittel  has  described  several 


Fig.  46.— Types  of  Polycystina.  «,  Podocyrtis  Schomlntrsii :  b,  Dktyomitra  Montgolficp  < 
c  Haliomma  liixifihos ;  d,  Dictyoc/ia  Messanensis  ;  e,  EucyHidiuvi  eltgans ;  f,  Lycluwcamutn 
lucerna.  d  is  living,  and  is  after  Haeckel  ;  the  remaining  are  Tertiary,  and  are  after  Ehrenberg. 
All  the  figures  are  greatly  enlarged. 

species  from  the  Upper  Chalk  of  Germany.  The  Cretaceous  genera 
Dictyomitra  (fig.  46,  b)  and  Stylodidya  (fig.  45.  a)  are  represented 
in  both  Tertiary  and  recent  seas. 

In  formations  belonging  to  the  Tertiary  period,  Radiolarians  are 
found  in  vast  abundance  in  certain  deposits  (marls  and  clays),  which 
may  be  regarded  as  "fossil  Radiolarian  oozes."  These  Tertiary 
Radiolarian  clays  and  marls  appear  to  be  very  widely  distributed, 
but  the  most  famous  of  these  deposits  is  the  Polycystine  Marl  of 
Barbados,  the  age  of  which  is  Miocene.  The  so-called  "  Barbados 
earth"  is 'a  friable,  earthy  or  chalky  marl,  which  rises  to  heights  of 
over  1000  feet  above  the  level  of  the  sea,  and  is  more  or  less 
extensively  composed  of  the  shells  of  Radiolarians,  with  a  variable 
proportion  of  the  calcareous  tests  of  the  Foramimfera.  According 
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to  Haeckel,  the  number  of  species  of  Radiolarians  in  the  Barbados 
earth  is  not  less  than  four  hundred,  and  is  probably  more  than  five 
hundred.  This  eminent  authority  regards  the  Barbados  earth  as  a 
deep-sea  deposit,  and  states  that  very  many  of  the  Barbados  Radio- 
larians "are  to-day  extant  and  unchanged  in  the  Radiolarian  ooze 
of  the  deep  Pacific  Ocean." 

Very  similar  to  the  Barbados  earth  is  the  Polycystine  marl  or 
"  tripoli "  of  Sicily,  Calabria,  Greece,  and  Northern  Africa,  the  age 
of  which  is  also  Miocene.  Another  deposit  of  the  same  nature  is 
the  tripoli  or  Radiolarian  clay  of  the  Nicobar  Islands,  which  rises 
to  elevations  of  about  2000  feet  above  the  level  of  the  sea,  and  is 
probably  of  Miocene  or  Oligocene  age. 

Of  the  more  common  Tertiary  genera  of  Radiolarians,  Haliomma 
(fig.  46,  c),  Heliodiscus,  Actinomma,  and  Didymocyrtis  belong  to  a 
group  of  forms  in  which  the  skeleton  consists  of  two,  three,  or 
more  porous  spherical  shells,  included  concentrically  within  one 
another,  the  smaller  within  the  larger,  and  united  by  radial  bars. 
In  other  cases,  as  in  the  genera  Podocyrtis  (fig.  46,  «),  Eucyrtidiiim 
(fig-  45)  c),  Lychtiocantum  (fig.  46,  /),  and  Didyomitra,  the  skele- 
ton has  the  form  of  a  latticed  shell,  which  may  be  undivided,  or  is 
partially  marked  off  into  two  or  more  compartments  by  transverse 
constrictions.  The  two  poles  of  the  shell  in  these  cases  are  quite 
unlike  each  other,  and  the  membranous  capsule  of  the  living  animal 
is  included  within  the  closed  apical  pole.  In  other  cases,  again,  the 
skeleton  consists  of  a  flat,  or  lenticular  and  biconvex  plate,  which  is 
sometimes  double,  and  has  a  more  or  less  complex  internal  structure. 
This  type  of  skeleton  is  found  in  such  genera  as  Astromma,  Trema- 
todisais,  Rhopalastrimi,  Stephanastrum,  and  Stylodictya  (fig.  45,  a). 
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CHAPTER  X. 
SUB-KINGDOM  II.—PORIFERA. 

Under  the  name  of  Porifera  are  included  all  those  singular  organ- 
isms which  are  commonly  known  as  Sponges.  Originally  regarded 
as  being  of  a  vegetable  nature,  the  Sponges  are  now  universally 
admitted  to  be  animals ;  though  naturalists  are  not  yet  in  absolute 
agreement  as  to  the  precise  position  in  the  animal  kingdom  which 
ought  to  be  assigned  to  them.  Owing  to  the  close  likeness  of  some 
of  the  cell-elements  of  the  Sponges  to  certain  of  the  Protozoa,  the 
entire  group  has  been  often  referred  to  this  latter  sub-kingdom. 
Thus,  some  of  the  cells  of  a  sponge  are  morphologically  identical 
with  the  Avioebce,  while  others  present  the  closest  possible  resem- 
blance to  the  Flagellated  Infusoria.  Hence,  a  sponge  has  often  been 
regarded  as  being  a  kind  of  colony,  the  units  of  which  are  morpho- 
logically Protozoans.  Naturalists  are,  however,  now  agreed  as  to  the 
removal  of  the  Sponges  from  the  Protozoa  ;  and  they  are  by  many 
authorities  regarded  as  forming  the  lowest  division  of  the  Zoo- 
phytes {Calenterata).  Other  authorities  consider  that  the  Sponges 
represent  a  distinct  morphological  type,  intermediate  between  the 
Protozoa  and  the  Coilenterata,  and  that  they  are  therefore  entitled  to 
take  rank  as  a  separate  sub-kingdom,  to  which  the  name  of  Porifera 
has  been  given.  In  the  present  state  of  our  knowledge,  this  view 
seems  to  be  the  one  which  is  attended  with  the  fewest  difficulties, 
and  it  will  therefore  be  followed  here. 

The  Sponges  may  be  defined  as  multicellular  organisms  of  variable 
shape,  the  cells  of  zvhich  are  typically  disposed  to  form  an  outer  mem- 
brane, an  inner  membrane,  ajid  an  intermediate  stratum  ;  and  ivhich 
are  traversed  by  ca?ials,  which  opefi  on  the  surface,  and  ivhich  are 
more  or  less  extensively  lined  by  flagellate  cells.  In  most  cases  the  cel- 
lullar  aggregate  is  supported  by  a  franmvork  of  horny  fib?-es,  or  of 
flinty  or  calcareous  spicules.  A  definite  mouth  and  stomach  are  ivant- 
tng,  and  a  nervous  system  is  not  knoiun  with  certainty  to  be  developed. 

The  entire  aggregate  of  cells  which  constitutes  a  sponge  is  so 
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arranged  as  to  be  traversed  by  a  series  of  canals,  which  convey  water 
in  and  out  of  the  organism,  and  which  are  thus  connected  with 
respiration  and  the  procuring  of  food.  Looking  at  the  skeleton  of  a 
dried  sponge,  the  most  obvious  sign  of  the  existence  of  this  "  aqui- 
ferous system  "  is  the  presence  of  one  or  more  large  superficial  open- 
ings, together  with  a  great  number  of  much  smaller  apertures  (fig.  47, 


Fig.  47. — Diagrammatic  representation  ot  the  structure  of  a  simple  Sponge,  as  seen  when  cut 
in  half  vertically.  The  general  "  sponge-flesh  "  is  lightly  shaded  (Jl) ;  the  canal-system  is  black, 
and  the  arrows  show  the  course  of  the  water-currents,  p  p,  "  Pores,"  opening  into  "inhalant 
canals,"  which  conduct  to  the  "ciliated  chambers"  (ir/().  From  these  chambers  proceed  the 
larger  "  exhalant  canals"  (zV),  which  open  into  a  general  central  .'ipace  or  "cloaca."  This  space 
terminates  on  the  surface  by  a  single  large  opening  or  "  osculum  "  (p),  which  serves  for  the 
exit  of  the  water.    (After  Haeckel  ) 

/  These  latter  are  termed  the  "  pores,"  and  though  permanently 
present  in  the  skeleton,  they  are  only  temporarily  present  in  the 
soft  parts,  being  produced  afresh,  when  required,  as  openings  be- 
tween the  sponge-bells  of  the  ectodermal  layer.  The  "pores"  (fig. 
A1-,  P  P)  open  directly,  or  through  the  intervention  of  more  or  less 
extensive  subdermal  cavities,  into  a  series  of  canals,  which  ramify  in 
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every  direction  through  the  sponge,  and  which  are  called  "  inhalant 
canals,"  as  it  is  through  these  that  the  water  is  conveyed  to  the 
interior  of  the  sponge.  The  "  inhalant  canals  "  ultimately  open  into 
a  second  series  of  canals,  which  converge  to  form  one  or  more  large 
tubes  which  open  on  the  surface  by  a  corresponding  number  of 
large  openings.  These  large  tubes  (fig.  47,  ic)  carry  the  water  out  of 
the  organism  again,  and  they  are  hence  called  "  exhalant  canals  "  ; 
while  their  surface-openings  are  known  as  the  "  oscula."  The 
"  oscula,"  though  capable  of  being  temporarily  closed,  are  perma- 
nent, and  are  often  placed  on  chimney-like  elevations.  If  there 
should  be  but  one  osculum,  it  is  placed  at  the  apex  of  the  sponge 
(fig.  47,  0),  while  the  pores  occupy  the  general  external  surface. 
What  is  commonly  called  a  "  sponge  "  may  consist  of  only  a  single 
excretory  opening  or  "  osculum,"  together  with  the  "  pores  "  belong- 
ing to  this  (fig.  47) ;  or  it  may  consist  of  a  larger  or  smaller  number 
of  such  "  oscula,"  each  with  its  proper  complement  of  "  pores."  In 
the  latter  case,  each  osculum,  with  its  accompanying  pores,  consti- 
tutes a  "  person,"  and  the  entire  organism  is  known  as  a  "  sponge- 
stock." 

In  a  living  sponge,  in  its  active  condition,  a  circulation  of  water 
is  kept  up  throughout  the  organism  by  means  of  this  system  of  canals. 
The  water  is  admitted  from  the  exterior  by  the  pores,  and  is  driven 
through  the  deeper  parts  of  the  sponge  by  means  of  flagellate  cells, 
which  line  a  series  of  globular  chambers  developed  between  the 
inhalant  and  the  exhalant  canals  (fig.  47,  ch).  From  these  "  flagellated 
chambers  "  the  water  is  driven  into  the  exhalant  canals,  and  finally 
escapes  again  by  the  osculum  or  oscula.  In  this  way,  the  separate 
sponge-cells  are  enabled  to  carry  on  their  nutritive  and  respiratory 
processes. 

In  a  few  sponges  (the  Myxospongia  of  Haeckel)  there  is  no 
skeleton,  and  the  above  description  would,  therefore,  fully  express 
the  general  structure  of  the  organism.  In  the  vast  majority  of 
sponges,  however,  the  soft  cellular  body  is  supported  by  more  or 
less  extensively  developed  hard  structures,  which  collectively  consti- 
tute the  skeleton.  The  nature  of  the  skeleton  varies  greatly  in  dif- 
ferent forms,  and  these  variations  have  been  largely  made  use  of  in 
the  identification  and  classification  of  the  Sponges.  Speaking  gen- 
erally, the  skeleton  has  the  form  of  a  more  or  less  coherent  frame- 
work, composed  either  of  horny  fibres,  or  of  needles  of  mineral  mat- 
ter, or  of  both  these  elements  in  combination.  The  difl'erent  modi- 
fications of  the  skeleton  will  be  more  particularly  spoken  of  in  deal- 
ing with  the  different  groups  of  sponges.  It  will  be  sufficient  to 
point  out  here  that,  apart  from  modifications  in  the  form  of  the 
sje  etal  elements,  there  are  the  following  four  principal  types  of 
skeleton  among  the  Sponges:— 
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I.  In  certain  sponges  (such  as  the  Common  Bath  Sponges)  the 
skeleton  (fig.  48,  a)  is  wholly  composed  of  netted  horny  fibres,  with- 
out proper  "  spicules."    The  substance  composing  the  fibres  in  such 


Fig.  48. — Forms  of  the  skeleton  in  the  fibrous  Sponges.  A,  Horny,  non-spiculate  skeleton  of 
the  Bath  Sponge,  enlarged  about  fifty  times;  B,  Horny  fibre  cored  with  sand-gr.-iins  ;  c.  Horny 
fibre  with  projecting  siliceous  spicules  ("  Echinonematous "  Sponge);  D,  Fibre  in  which  the 
spongin  has  been  more  or  less  completely  replaced  by  siliceous  spicules  ("  Holorhaphidote  " 
Sponge).    B,  c,  and  d  are  greatly  enlarged,  and  are  after  Carter. 


types  is  allied  to  horn,  but  not  precisely  of  the  same  nature,  and  it 
is  known  as  "  spongin  "  or  "  keratode." 

2.  In  another  group  of  sponges,  including  most  of  the  commoner 
forms,  the  skeleton  is  more  or  less  extensively  composed  of  siliceous 


0 


Fiff  dO  —Spicules  of  Sponges,  a,  Monactinellid  skeleton-spicule  o( Reniera  ;  b  Monactinellid 
spicul'e^of  cS;     Mo'^acfinellid  spicule  of  ;  /  Telract.nelhd  skeleton-sp.cu^^^^^^ 

alodia  -  e  SkelTton-kpicule  of  a  LithisHd  Sponge  (Jerea) ;  /,  Flesh-spicule  ofCrtbeUa  ,y,  Flesh- 
fpTcule  of  k./.V?r  irFresh-spicule  of  Hyaloncna.  All  the  figures  are  greatly  enlarged.  (After 
Schmidt,  Vosmaer,  Zittel,  &c.) 

needles  or  "  spicula,"  of  various  forms  (fig.  49)-  These  spicules 
may  be  embedded  in  various  ways  in  a  reticulated  fibrous  skeleton 
of  spongin  (fig.  48,  c) ;  or  the  horny  material  may  be  gready  reduced. 
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SO  that  the  skeleton-fibre  consists  essentially  of  minute  flinty  needles 

(fig.  48,  d).  .    ,     .        r  u 

3  In  a  third  group  of  sponges,  the  skeleton  is  destitute  of  horny 
matter,  and  consists  wholly  of  siliceous  spicules,  which  may  be  fused 
with  one  another  into  a  continuous  framework,  or  may  be  so  inter- 
locked by  their  ends  as  to  produce  practical  rigidity,  or  may  be  simply 
held  in  position  by  the  fleshy  substance  of  the  sponge.  In  both  this 
group  and  the  preceding,  in  addition  to  the  spicules  of  the  proper 
skeleton,  there  are  generally  developed  in  the  mesoderm  numerous 
still  more  minute  microscopic  needles  of  flint,  which  are  known  as 
"  flesh-spicules." 

4.  Lastly,  there  is  a  group  of  sponges  in  which  the  skeleton  is 
wholly  made  up  of  spicules  of  carbonate  of  lime. 

In  all  sponges  which  possess  hard  structures  of  flint  or  lime,  the 
"  spicules  "  consist,  each,  of  concentric  layers  of  mineral  matter  de- 
posited round  a  central  fibre  of  organic  matter  which  occupies  an 
"  axial  canal "  in  the  spicule.  In  the  Calcispongice  each  spicule  may 
be  regarded  as  essentially  a  single  crystal  of  carbonate  of  lime.  In 
the  ordinary  recent  siliceous  Sponges,  on  the  other  hand,  the  spicules 
are  composed  of  colloidal  silica,  which  is  as  clear  as  glass,  wholly 
non-crystalline,  and  entirely  unaffected  by  polarised  light  between 
crossed  Nicols.  The  silica  of  recent  sponge-spicules  is  also  soluble 
in  hot  solutions  of  caustic  potash. 

As  regards  the  distribution  of  the  Sponges  in  space,  the  great 
majority  are  marine,  but  representatives  of  the  Spongillidce  are  found 
in  fresh  waters  in  all  the  great  continental  regions  except  Australia. 
Of  the  marine  Sponges,  the  CalcispongicB  and  CeratospongicR  are 
principally  inhabitants  of  shallow  water.  On  the  other  hand,  the 
Hexactinellid  Sponges  are  mostly  found  in  deeper  water,  the  major- 
ity living  at  depths  of  from  100  to  2500  fathoms.  The  Lithistid 
Sponges,  on  the  contrary,  are  found  in  comparatively  shallow  water, 
being  most  abundant  between  depths  of  10  to  150  fathoms. 

In  connection  with  the  subject  of  the  distribution  in  time  of  the 
Sponges,  it  is  necessary  to  briefly  consider  the  different  modes  in  which 
the  skeleton  of  the  Sponges  may  be  preserved  in  the  fossil  condition. 
Taking  first  the  Sponges  which  secrete  a  siliceous  skeleton,  it  has  been 
pointed  out  above  that  the  silica  of  the  spicules  or  spicular  network  of 
these,  in  the  recent  condition,  is  colloidal  and  non-crystalline,  glassy,  and 
entirely  unafifected  by  polarised  light.  Though  unaffected  by  acids,  the 
spicules  undergo  solution  in  hot  caustic  potash,  and  there  is  reason 
to  know  that  they  readily  become  changed,  or  even  dissolved,  under 
certain  natural  conditions  which  it  is  difficult  or  impossible  to  imitate  in 
the  laboratory.  While  the  above  is  the  condition  of  the  siliceous  spicules 
in  recent  Sponges,  these  structures  in  fossil  Sponges  have,  as  a  rule,  under- 
gone more  or  less  change  during  the  process  of  fossilisation,  the  following 
being  the  principal  forms  of  alteration  which  have  been  obsei-ved. 

(rt.)  The  silica  of  the  spicules  may  be  changed  into  an  amorphous 
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condition.  The  alteration  is  in  this  case  but  slight,  since  the  silica  is 
still  in  the  colloidal  state,  and  the  principal  change  that  has  occurred  is 
that  the  spicules  have  lost  their  original  glassy  aspect,  and  have  become 
porcellanous  and  milky-white  when  viewed  by  reflected  light. 

(6.)  The  silica  of  the  spicules  may  have  become  cryptocrystalline  or 
crystalline.  In  this  fonn  of  alteration,  the  original  colloidal  silica  of  the 
spicules  has  become  changed  into  chalcedony  or  quartz,  and  the  spicules 
now  exhibit  with  polarised  light  the  same  colour-changes  as  are  shown 
by  the  above  minerals. 

(c.)  In  a  great  many  cases  among  fossil  Sponges,  the  original  flinty 
skeleton  has  undergone  more  or  less  complete  solution  during  fossilisa- 
tion,  the  Sponge  being  now  represented  only  by  hollow  casts  of  the 
original  skeleton  in  the  matrix  of  the  enclosing  rock.  In  the  case  of 
calcareous  organisms  it  has  long  been  well  known  to  palaeontologists 
that  the  skeleton  very  commonly  undergoes  solution,  leaving  nothing  but 
a  hollow  inould  or  impression  in  the  rock  to  mark  its  former  existence. 
Silica  being  a  much  more  stable  substance  than  carbonate  of  lime,  it  used 
to  be  supposed  that  an  originally  flinty  skeleton  would  not  be  liable  to 
undergo  a  similar  solution.  It  has,  however,  been  conclusively  shown 
by  Zittel,  Sollas,  and  Hinde,  that  this  supposed  stability  of  organic  silica 
is  largely  imaginary.  According  to  the  last-named  observer,  "  it  may  be 
accepted  as  proved  that  silica  in  the  colloid  state,  in  which  it  occurs  in 
the  skeleton  of  recent  siliceous  Sponges,  and  also  in  the  original  condi- 
tion of  fossil  Sponges,  is  extremely  liable  to  chemical  changes,  and  that  it 
is  only  when  it  is  in  the  condition  of  chalcedony,  or  is  crystalline,  that  it 
can  be  regarded  as  stable.  The  changes  in  the  siliceous  skeletons  of 
fossil  Sponges,  mentioned  above,  show  the  tendency  of  the  silica  to  pass 
from  the  unstable  colloid  to  the  stable  chalcedonic  or  crystalline  condi- 
tion. Under  favourable  conditions  this  chemical  change  has  taken  place 
without  destroying  the  form  of  the  spicular  skeleton,  but  in  other  circum- 
stances the  colloid  silica  of  the  skeleton  has  been  wholly  dissolved  away, 
and  redeposited,  usually  in  the  chalcedonic  condition,  so  as  to  form  solid 
beds  of  chert  and  bands  of  nodular  flints." 

(d.)  In  the  cases  just  spoken  of,  the  original  sihceous  skeleton  of  the 
Sponge  has  undergone  solution,  and  there  is  left  in  the  rock  a  hollow 
mould  of  the  skeleton,  this  mould  being  commonly  so  accurate  as  to 
preserve  with  fidelity  the  form  of  the  component  spicules  of  the 
skeleton.  Very  usually,  however,  the  mould  thus  formed  becomes 
ultimately  completely  filled  up  with  some  mineral  substance  de- 
posited from  the  water  which  percolates  through  the  rock ;  the  result 
laeing  the  formation  of  a  "  pseudomorph "  of  the  original  Sponge,  or,  in 
other  words,  a  body  which  has  the  exact  form,  and  may  even  have  the 
microscopic  structure,  of  the  original  Sponge,  but  which  consists  of  some 
secondary  substance  which  has  taken  the  place  of  the  original  skeleton. 
The  substance  which  has  in  this  way  replaced  the  original  Sponge  is 
most  commonly  crystalline  calcite,  but  peroxide  of  iron  is  likewise  often 
the  replacing  material,  or,  less  commonly,  iron-pyrites  or  glauconite  ; 
while  in  some  cases  it  would  appear  that  the  replacing  substance  has 
been  chalcedonic  silica.  It  only  needs  to  be  added  in  this  connection 
that  the  changes  above  spoken  of  do  not  necessarily  aflfect  an  entire 
Sponge,  but  that  specimens  often  occur  in  which  a  portion  of  the 
skeleton  has  been  fossilised  in  one  way,  while  another  part  may  have 
been  preserved  in  a  different  manner. 

The  Calcispon^^icE  do  not,  as  a  rule,  undergo  fundamental  alteration, 
as  regards  their' skeletal  structures,  during  fossilisation.    In  some  late 
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deposits,  the  spicules  of  Calcareous  Sponges  are  found  in  a  condition  not 
recognisably  different  from  that  of  recent  examples.  As  a  rule,  "the 
spicular  fibres  of  fossil  Calcisponges  retain  their  original  structure  of 
carbonate  of  lime,  though  the  form  of  the  component  spicules  has  to  a 
large  extent  disappeared,  and  the  fibres  are  now  either  of  ci-ystalline 
grains  of  calcite  or  show  a  finely  radiate  prismatic  structure"  (Hinde). 
In  certain  cases,  however,  the  calcareous  skeleton  of  a  Calcisponge  may 
be  found  to  be  replaced,  as  occurs  commonly  in  the  case  of  Corals  and 
other  calcareous  organisms,  by  chalcedonic  silica.  Such  "  silicified " 
specimens  have  necessarily  undergone  an  entire  destruction  of  the 
minute  structure  of  the  skeleton,  though  the  form  of  the  skeleton  may  be 
perfectly  well  preserved. 


As  regards  their  general  geological  distribution,  the  Sponges  are 
very  largely  represented  in  past  time,  and  have  a  very  high  an- 
tiquity.   The  two  recent  groups  of  the  Myxospongia  and  Cerato- 
spojigice,  being  devoid  of  hard  parts  or  having  only  a  horny  skeleton, 
are  unknown  in  the  fossil  condition,  though  doubtful  examples  of 
the   latter  have  been  brought 
forward.    The  Sponges  with  a 
skeleton  of  siliceous  spicules  are 
known  to  occur  in  deposits  as 
ancient  as  the   Cambrian,  the 
oldest  Sponge  at  present  known 
being  the  Protosportgia  fenestrata 
(fig.  50)  of  the  Menevian  Slates 
of  St  David's,  South  Wales.  In 
strata  of  Ordovician  age  the  re- 
mains of  Sponges  are  not  very 
uncommon,  the  groups  of  the 
Lithistidm  and  Hexactinellidce  be- 
ing both  represented,  the  former 
by  types  like  Hindia,  and  the 
latter   by  Hyalostelia,  Recepta- 
culites,  and  Ischadites.    In  the 
Silurian  deposits  the  same  groups 
of  Sponges  are  well  represented 
by  forms  such  as  Aulocopium,  Astylospongia,  and  Didyophyton ; 
while  the  group  of  the  Monactinellid  Sponges  is  represented  by  the 
genus  CUmacospongia.    If  we  except  the  aberrant  group  of  the  Re- 
ceptaculitidce,  the  Devonian  system  has,  so  far,  proved  to  be  singularly 
barren  of  Sponge  remains,  though  a  few  types  {Astrceospongia, 
Didyophyton,  &c.)  have  been  detected  in  strata  of  this  age.  On 
the  other  hand,  the  sea.-;  of  the  Carboniferous  period  were  tenanted 
by  a  vast  abundance  of  Sponges,  belonging  to  few  generic  types — 
so  far  as  yet  known— but  representing  the  distinct  groups  of  the 
Monadmellidce,    Tetradinellidcc,    Lithistidce,    Hexadiriellidce ,  and 


Fig.  so- — Part  01  the  spicular  mesh  of  Proio- 
spotigia  fenestrata,  enlarged  five  diameters, 
from  the  Menevian  strata  of  South  Wales.  The 
spicules  are  slightly  distorted  by  cleavage. 
(After  Hinde.) 
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Heteradinellidce.  So  great  was  the  profusion  of  Sponge-life  during 
Carboniferous  times  that  thick  beds  of  chert — as  conclusively  de- 
monstrated by  Hinde — were  formed  by  the  gradual  accumulation  of 
siliceous  spicules  on  the  floor  of  the  sea.  These  siliceous  sponge- 
beds  are  largely  developed  in  the  Carboniferous  limestone  and  Yore- 
dale  beds  of  the  North  of  England,  Wales,  and  Ireland,  and  may 
reach  a  thickness  of  more  than  fifty  feet  [in  Ireland,  a  maximum 
thickness  of  over  300  feet  of  these  chert-beds  has  been  observed]. 
The  highest  Palaeozoic  deposits — viz.,  the  Permian — have  hitherto 
yielded  few  or  no  unequivocal  remains  of  Sponges. 

Coming  to  the  Mesozoic  deposits,  the  Trias  has  not  yielded  a 
large  number  of  Sponges,  and  the  great  majority  of  the  known  forms 
of  this  period  belong  to  the  Calcispongice,  and  are  referable  to  the 
extinct  group  of  the  Fhnreh-ones.  On  the  other  hand,  an  enormous 
number  df  Sponges  are  known  to  occur  in  strata  of  Jurassic  age, 
almost  all  the  hitherto  recognised  types  of  this  period  belonging  to 
the  three  groups  of  the  Lithistidce,  Hexactinellidce,  and  Pharetrones 
(Calcispongice).  At  the  summit  of  the  Jurassic  system  (in  the  Pur- 
beck  beds)  we  also  meet  with  the  first  undoubted  representative  of 
the  fresh-water  genus  Spongilla.  In  the  Cretaceous  system,  and 
especially  in  its  upper  division,  Sponges  also  occur  in  vast  numbers, 
the  three  groups  above  mentioned  being  those  most  largely  repre- 
sented. It  is  noticeable,  however,  that  the  aberrant  Calcisponges 
which  form  the  group  of  the  Pharetrones  diminish  in  numbers  to- 
wards the  close  of  the  Cretaceous  period ;  while  the  groups  of  the 
Monactinellidce  and  Tetractinellidce  have  a  fair  representation.  In 
parts  of  the  Cretaceous  system,  and  particularly  in  the  Lower  and 
Upper  Greensand,  occur  beds  of  siliceous  rock,  which  have  been 
shown  by  Hinde  to  have  been  formed  by  the  accumulation  of  the 
microscopic  spicules  of  various  types  of  Sponges.  In  some  cases, 
these  spicules  are  loosely  compacted  together,  and  give  rise  to  a 
porous  siliceous  rock.  More  commonly,  however,  the  spicules  have 
undergone  partial  solution  in  sea-water,  and  the  dissolved  silica  thus 
obtained  has  been  subsequently  redeposited,  and  has  formed  a 
siliceous  cement  which  has  bound  together  the  undissolved  spicules 
in  a  general  cherty  matrix.  In  such  cases,  the  true  nature  of  the 
rock  can  only  be  recognised  by  an  examination  of  thin  sections 
(fig.  51)  under  the  microscope. 

There  is,  further,  every  reason  to  believe  that  the  nodular  flints 
which  form  such  a  striking  feature  in  the  White  Chalk  have  been  in 
reality  produced  by  the  solution  of  the  skeletons  of  flinty  Sponges 
and  other  siliceous  organisms,  and  the  subsequent  redeposition  of 
the  silica  thus  obtained  in  a  solid  form.  It  is  well  known,  namely, 
that  the  siliceous  Sponges  of  the  White  Chalk  have  usually  had 
their  original  siliceous  skeleton  more  or  less  wholly  dissolved  out. 
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the  original  skeleton  being  now  represented  either  by  empty  casts  in 
the  rock  or  by  pseudomorphs  of  lime,  peroxide  of  iron,  or  iron- 
pyrites.  The  general  freedom  of  the  body  of  the  White  Chalk 
from  silica  can  thus  be  readily  explained  on  the  ground  that  the 
siliceous  organisms  which  it,  to  begin  with,  contained,  underwent  a 
more  or  less  complete  solu- 
tion. The  dissolved  silica 
thus  obtained  must,  however, 
have  been  from  time  to  time 
redeposited  in  a  solid  form, 
thus  giving  rise  to  the  nod- 
ules of  flint  which  are  so 
largely  disseminated  through 
parts  of  the  White  Chalk. 
On  this  view,  the  silica  of  the 
Chalk-flints  had  an  organic 
origin,  though  deposited  from 
solution  in  sea-water.  On 
this  view,  it  is  also  possible 
to  account  for  the  fact  that 
the  silica,  in  course  of  re- 
deposition,  should  not  only 
have  accumulated  in  a  nod- 
ular form  round  any  foreign 
bodies  which  may  have  been  lying  on  the  sea-bottom  at  the  time, 
but  should  also  have  commonly  penetrated  into  the  internal  cavities 
of  organic  bodies,  or  should  even  have  given  rise  to  tabular  masses 
or  to  actual  veins. 

In  deposits  of  Tertiary  age,  finally,  remains  of  Sponges  have 
hitherto  been  detected  in  much  smaller  numbers  than  in  the  pre- 
ceding Mesozoic  strata.  The  great  group  of  the  Pharetrones  among 
the  Calcispongia  seems  to  have  become  extinct  with  the  close  of  the 
Cretaceous  period,  and  the  Hexactinellids  and  Lithistids  are  for  the 
most  part  but  poorly  represented.  In  the  Miocene  strata  of  Algeria, 
however,  Pomel  has  described  an  abundant  fauna  of  Hexactinellid 
and  Lithistid  Sponges. 


Fig.  51. — Section  of  chert  from  the  Upper  Green- 
sand,  showing  numerous  sponge-spicules  embedded  in 
a  chalcedonic  matrix,  enlarged  forty  diameters.  (Af- 
ter Hinde.) 
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CHAPTER  XI. 

PORIFERA— Continued.  \ 

Classification  and  Principal  Groups  of  the  Sponges. 

There  is,  perhaps,  no  single  group  of  the  animal  kingdom  in  which 
it  has  proved  so  difficult  to  establish  a  natural  classification,  as  has 
been  found  to  be  the  case  with  the  Sponges.  Even  at  the  present 
day  there  is  no  extant  classification  which  can  be  regarded  as  final. 
It  is,  however,  now  generally  admitted  that  the  calcareous  Sponges 
are  so  far  separated  from  all  the  other  groups  of  Sponges  as  to  pro- 
perly constitute  a  distinct  class  of  Sponges.  The  non-calcareous 
Sponges  may  be  grouped  together  in  a  second  class  under  the  name 
of  FlethosJ>ongice,  proposed  for  them  by  Professor  Sollas.  As  regards 
the  ordinal  divisions  of  the  Plethospongice,  the  grouping  followed  by 
Professor  Zittel  may  be  adopted,  with  some  modification,  and  the 
general  classification  of  the  Sponges  is  thus  expressed  in  the  following 
table  : — 

SUB-KINGDOM  PORIFERA. 

Class  I.  Plethospongi.^  (Sollas). 

Order  i.  MyxospongijE  (Halisarca). 

„    2.  CeratospongijE  {Eiispo7igia). 

„    3.  M0NACTINELLID.E  {HaHchondria,  &c.) 

„    4.  Tetractinellid^  {Geodia,  Tethya,  Szc.) 

„    5.  LiTHLSTiDiE  (Discoden/iia,  &c.) 

„    6.  Hexactinellid^  {Holtenia,  &c.) 

„     7.  Octactinellid^  {Astrceospongia). 

8.  Heteractinellid^  {Asteractinella,  &c.) 

[The  last  six  of  the  above-mentioned  orders  are  regarded  by  Hinde  as 
sub-orders,  and  are  included  in  the  single  order  SilicispongicE.] 
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Class  II.  Calcispongi^. 

Family  i.  Ascones  {Ascetta,  &c.) 

2.  Leucones  {Leiuandra,  &c.) 
„      3.  Sycones  (Grantia). 
„     4.  Pharetrones  {Corynella,  &c.) 

Class  I.  PLEXHOSPONGiyE. 

The  Sponges  included  in  this  class  are  occasionally  destitute  of 
hard  structures,  but  the  great  majority  possess  a  skeleton,  which  may 
be  composed  of  horny  fibres  alone,  or  of  siliceous  spicules  alone,  or 
which  is  formed  by  a  combination  of  these  two  sets  of  structures. 
In  no  case  is  the  skeleton  composed  of  carbonate  of  lime. 

Order  i.  Myxospongi^. — The  Sponges  of  this  order  are  entirely 
destitute  of  skeletal  structures,  or,  at  most,  possess  a  few  scattered 
siliceous  spicules.  The  type-genus  is  Halisarca,  comprising  a  num- 
ber of  soft  fleshy  sponges,  widely  distributed  in  recent  seas,  which 
form  crusts  upon  submarine  objects.  No  example  of  this  order,  as 
might  be  expected  from  the  soft  nature  of  the  organism,  is  known  as 
occurring  in  the  fossil  condition. 

Order  2.  CERATOSPONGiyE. — In  this  group  of  Sponges,  the  skele- 
ton is  composed  of  the  horny  substance  known  as  "  spongin,"  and 
there  are  either  no  proper  spicules,  or  in  some  cases  a  few  siliceous 
spicules  may  be  scattered  in  the  mesoderm.  The  horny  fibre  of  the 
skeleton  forms  a  close  reticulation  or  network  (fig.  48,  a),  and  can 
be  shown  to  consist  of  a  delicate  axial  thread  of  organic  matter  sur- 
rounded by  a  laminated  horny  sheath.  In  many  cases,  the  horny 
fibre  includes  numerous  sand-grains  or  other  foreign  bodies  in  its 
interior  (fig.  48,  b),  these  being  taken  in  at  the  free-growing  ends  of 
the  fibres,  to  which  they  form  a  kind  of  core,  replacing  the  soft  or- 
ganic axis  which  in  some  cases  is  alone  present.  The  type  of  this 
order  is  the  recent  genus  Euspongia,  comprising  the  Turkey  Sponges 
of  commerce.  No  undoubted  fossil  representatives  of  the  Cerato- 
spongice  have  been  as  yet  detected  in  the  fossil  condition,  the  cylin- 
drical antler-shaped  bodies  from  the  Cretaceous  rocks  of  Germany, 
which  Geinitz  described  under  the  name  of  Spongites,  being  of  an 
altogether  problematical  nature. 

Order  3.  Monactinellid^. — This  order  comprises  an  extensive 
series  of  Sponges  characterised  by  the  possession  of  a  skeleton  which 
is  typically  composed  of  horny  fibres  with  included  spicules  of  flint. 
The  spicules  vary  much  in  form,  but  are  always  uniaxial,  being  most 
commonly  fusiform,  pin-shaped,  or  bow-shaped  (fig.  49,  a,  b,  c,  and 
fig-  52).  In  recent  Monactinellids  the  proportion  borne  by  the  spi- 
cules to  the  horny  fibre  is  very  variable,  and  in  some  types  the  skele- 
ton consists  almost  wholly  of  uniaxial  spicules  without  any,  or  with 
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very  little,  horny  connecting-substance  (fig.  48,  d).  In  addition  to 
the  proper  skeleton-spicules,  which  are  usually  connected  by  a  horny 
fibre,  there  are  developed  in  the  mesoderm  more  or  less  numerous 
disconnected,  uniaxial,  siliceous  needles  or  "  flesh-spicules." 

The  order  of  the  Monadinellidce.  is  represented  l^y  a  very  large 
number  of  existing  marine  Sponges,  as  well  as  by  the  fresh-water 
group  of  the  Spongillidcc.  Owing  to  the  nature  of  the  hard  struc- 
tures in  this  order,  the  entire  skeleton  does  not  readily  admit  of  pre- 
servation, and  most  of  the  known  fossil  forms  are  therefore  repre- 


Fie  q2.-FossIl  Monactinellid  Sponges.  A,  Part  of  the  spicular  network  of  Cltmacosf,ong,a 
radiatl,  Silurian,  Tennessee,  enlarged  twelve  times;  D,  Part  of  the  spicular  netw-ork  of /^f««- 
iholaTkh  intcrtlx-tus.  Chalk,  Kent,  enlarged  ten  times;  c,  Spicu  es  oi  Spongilla  Purbcckcnsu. 
as  shTwn  in  a  thin  sliie  of  chert  from  the  Purbeck  formation,  enlarged ;  d.  Spicule  of  Rcmaa 
^raaVrCarboniferous,  Yorkshire,  enlarged  sixty  times;  E,  Spicule  oi  Remeraclayata,  Carbon- 
ffe?o us  Wkshire,  enlarged  sixty  times  ;  F,  Spicule  oi  Axinella  faxUlus  Carboniferous,  Lan.^- 
sWre  enlarged  thirty  times,    (c  is  after  John  Young,  and  the  remaining  figures  are  after  Hinde.) 

sented  by  mere  fragments  or  by  detached  spicules.  The  record  of 
the  distribution  of  the  Monactinellid  Sponges  in  past  time  is,  there- 
fore, necessarily  a  very  imperfect  one.  The  oldest  types  which  have 
been  determined  with  any  certainty  occur  in  the  Silurian  deposits, 
in  which  are  found  the  large  uniaxial  spicules  upon  which  Hinde  has 
founded  the  genus  Atractosella.  Of  the  same  age  is  the  genus 
Climacospongia  (fig.  52,  a),  in  which  the  skeleton  is  composed  of 
elongated  acerate  spicules  arranged  in  a  ladder-like  manner.  Cer- 
tain tubular  borings  in  Silurian  shells  have  also  been  referred  to  the 
operations  of  a  Sponge  ( /mr«),  supposed  to  be  related  to  the 
living  boring  Sponges  {Cliona\  but  the  nature  of  these  is  very  doubt- 
ful On  the  other  hand,  fossil  shells  pierced  by  borings  in  all  respects 
similar  to  those  produced  by  the  recent  Clioncc  are  not  uncommon 
in  Secondary  and  Tertiary  deposits.    In  the  Devonian  rocks,  Monac- 
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tinellid  Sponges  are  almost  unknown,  but  strata  of  this  age  in  Bel- 
gium have  yielded  remains  on  which  the  genus  Lasiocladia  has  been 
founded.  In  the  Carboniferous  system,  on  the  other  hand,  particu- 
larly in  some  of  the  chert-beds  associated  with  the  Mountain  Lime- 
stone and  Yoredale  series,  the  remains  of  Monactinellid  Sponges  are 
comparatively  abundant.  The  best  known  types  of  this  age  are 
Reiiiera  and  Axiiiella,  the  former  represented  by  cylindrical  spicules 
(fig.  52,  D  and  e),  and  the  latter  by  pin-shaped  spicules  (fig.  52,  f). 
In  the  genus  Haplistmi  more  or  less  complete  spec-imens  have  been 
found,  showing  that  the  sponge  possessed  a  fibrous  skeleton  com- 
posed of  minute,  straight,  or  curved,  acerate  spicules. 

In  the  Permian  rocks  no  certain  remains  of  Monactinellid  Sponges 
are  known,  the  Spoiigillopsis  of  Geinitz  being  apparently  inorganic  ; 
and  the  Trias  has  also  yielded  so  far  no  traces  of  this  group.  In 
the  Jurassic  system  also,  vast  as  is  the  number  of  known  Sponges 
belonging  to  other  orders,  no  type  of  the  Monactinellids  has  hitherto 
been  recognised  till  the  very  summit  of  the  formation  is  reached. 
In  the  Purbeck  beds,  however,  in  chert  containing  the  remains  of  the 
fresh-water  Chara,  are  found  numerous  spicules  belonging  to  a  fresh- 
water Sponge,  to  which  the  name  of  Spongilla  Purbeckensis  has  been 
given  (fig.  52,  c).  In  the  Cretaceous  system,  likewise,  the  remains 
of  Monactinellids  are  very  rare,  but  the  Upper  Chalk  has  yielded 
shells  bored  by  species  of  Cliona,  and  also  the  skeleton  of  the  genus 
Actifitkoraphis  {fig.  52,  b),  in  which  the  spicules  are  fusiform  and 
minutely  tuberculate.  In  the  Tertiary  rocks,  lastly,  the  Monactinel- 
lids are  mostly,  if  not  wholly,  represented  by  the  tunnels  bored  in 
shells  by  species  of  Cliona. 

Order  4.  Tetractinellid^e. — This  order  comprises  marine 
Sponges  in  which  the  skeleton  consists  of  siliceous  skeleton-spicules, 
frequently  arranged  in  bundles  in  a  radiating  manner,  and  held  to- 
gether by  spongin.  The  characteristic  skeleton-spicules  are  tetraxial, 
the  commonest  form  being  that  of  an  elongated  rod  carrying  three 
shorter  summit-rays  at  the  upper  end  (fig.  49,  d).  In  addition  to 
the  typical  tetraxial  spicules  there  are  usually  other  uniaxial  forms,  as 
well  as  smaller  "  flesh-spicules,"  generally  of  a  globate,  stellate,  or 
reniform  shape. 

The  Tetractinellid  Sponges  are  largely  represented  at  the  present 
day,  the  genera  Tethya  and  Geodia  being  well-known  examples  of 
the  group.  Owing  to  the  want  of  a  continuous  siliceous  skeleton, 
however,  the  Tetractinellids  are  not  commonly  preserved  as  fossils, 
and  they  are  usually  represented  by  detached  spicules  only.  The 
oldest  known  examples  of  this  order  occur  in  the  Carboniferous 
rocks,  which  have  yielded  the  remains  upon  which  the  genera 
Geodites  and  Pachastrella  have  been  founded.  The  former  of  these 
IS  supposed  to  be  allied  to  the  recent  Geodia,  and  is  characterised 
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by  the  possession  of  elongated  spicules  with  bifid  or  trifid  summits, 
associated  with  a  dermal  layer  of  globate  or  reniform  spicules.  The 
gtrms  Fachastrella,  again,  comprises  "  massive,  nodose,  platter-shaped, 
or  irregularly  expanded  Sponges  without  a  specialised  dermal  layer  " 
(Hinde).  The  skeleton  is  composed  of  four-rayed  spicules,  asso- 
ciated with  acerate  spicules.  The  oldest  species  of  Pachastrella  are 
found  in  the  Carboniferous,  but  other  forms  of  the  genus  have  been 
recognised  in  the  Jurassic  rocks,  the  Upper  Chalk,  and  the  Eocene 
Tertiary.  In  the  Upper  Chalk  occur  the  remains  of  various  Tetrac- 
tinellid  Sponges,  of  which  the  genus  Tethyopsis  is  perhaps  the  most 
characteristic.    In  this  genus  (fig.  53),  the  skeleton  is  composed 

of  radiately  arranged  trifid  spicules, 
mingled  with  acerates,  while  the 
surface  is  covered  with  a  layer  of 
minute  trifid  anchorate  spicules 
(Zittel). 

Order  5.  LiXHisxiOiE.  —  The 
Sponges  included  in  this  order  are 
massive,  stony,  and  thick  -  walled, 
with  a  very  variable  external  figure. 
The  skeleton  is  composed  princi- 
pally of  four -rayed  or  irregular  spi- 
cules (fig.  54),  which  usually  branch 
at  their  extremities,  their  ends  being 
blunt,  or  being  furnished  with  min- 
ute articular  surfaces.  The  skeletal 
spicules  are  not  fused  together,  but 
are  so  interlocked  "  by  the  intertwin- 
ing of  their  branches  or  by  the  close 
apposition  of  their  expanded  extremities  "  (Hinde)  as  to  give  rise  to 
a  practically  continuous  framework  (fig.  54,  b).  There  are  generally 
small  monaxial  "  flesh-spicules,"  and  also  a  dermal  layer  of  trifid  or 
discoid  spicules,  in  addition  to  the  ordinary  skeleton-spicules.  There 
may  be  a  single  terminal  osculum  only,  or  the  Sponge  may  be 
provided  with  numerous  scattered  oscula;  while  the  canal-system 
exhibits  numerous  modifications  in  different  groups  of  the  order, 
and  in  some  cases  is  not  developed  as  a  special  structure. 

The  order  of  the  Lithistid  Sponges  has  been  divided  by  Zittel  into  the 

S:!^?.:-tthi7group  of  Lithistids  the  skeleton-spicules  are 
elongated  and  irregularly  branched  (fig.  55,  B),.the  branches  terminating 
,n  minute  articular%urfaces  which  unite  adjoining  spicules  into  an  irre^- 
dar  and  confused  network.    Typical  genera  are  Cncmtdtastrum,  Sclis- 

'T'm^amo^^^^^^^  group  the  skeleton-spicules  are  large  and 

either  iSe  or  frregularl^  branched,  the  branches  terminating  in  obtuse 


Fig.  53.— Part  of  the  skeleton  of  Te- 
thyopsis Stcinmaimi,  from  the  Upper 
Chalk.  Enlarged  14  times.  (After 
Zittel.) 
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ends  or  expanded  articular  surfaces.  The  spicules  form  an  open  mesh- 
work  by  the  apposition  of  their  tenninal  facets.  Typical  genera  are 
Dorydenna,  Pachypoterion,  and  Carterclla. 

3.  Anomocladina.—\r\  this  group  the  skeleton-spicules  have  the  form 
of  a  central  node  from  which  radiate  simple  or  bifurcate  arms,  which 
have  slightly  expanded  ends,  and  are  variable  in  number.  The  skeleton 
fonns  a  regular  network  produced  by  the  union  of  the  expanded  ends  of 
the  spicular  arms  with  the  nodes,  or  sometimes  with  the  branches  of 
adjoining  spicules  (fig.  55,  a).  Typical  genera  are  Vetiilina,  Hmdia, 
and  Astylospongia. 

4.  Tetracladi7ia.—\n  this  group,  the  spicules  (fig.  54)  consist  of  four 
rays  which  meet  in  a  non-inflated  centre  in  such  a  way  that  one  ray 


fi.5^'f'  3^'"'*'  ^  ^'"S'S  skeleton-spicule  of  the  living  Uthistid  Discodermia  polydiscus,  magn!- 
(AftersS  r'*'  portion  of  the  skeleton  of  ^■ytWa  /yn/onnw,  similarly  enlar|ed. 

forms  a  shaft  from  which  the  other  three  rays  spring,  approximately 
meetmg  at  angles  of  120°.  The  ends  of  the  rays  are  branched,  and 
mterlock  with  the  ends  of  adjoining  spicules  to  form  a  continuous  mesh- 

JT^I  c-.f^P'.'^^,l^''^'^P^^^  ^'■^  '^^e  genera  Jerea  (fig.  49,  e\  Aulocopium, 
and  Siphonia  (fig.  58).  \  5  tv,  . 

The  Lithistid  Sponges  are  all  inhabitants  of  the  sea,  and  the 
existmg  genera  {Discodermia,  Corallistes,  Vetulina,  &c.)  are  mostly 
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found  in  water  of  moderate  depth.  As  regards  the  distribution  of 
the  order  in  time,  one  of  the  most  ancient  representatives  of  the 

group  would  appear,  from  the 
researches  of  Dr  Hinde,  to  be 
the  genus  Airhceoscyphia  (based 
upon  the  Archccocyathus  Min- 
ganensis  of  Billings),  which  oc- 
curs in  the  Upper  Cambrian 
rocks  (Calciferous  series)  of 
Canada,  along  with  allied  types 
such  as  Calathium.  Closely 
related  forms  are  found  at  a 
corresponding  geological  hori- 
zon (the  Durness  Limestone) 
in  Britain.  The  skeleton  in 
Archaoscyphia  Mingatiejtsis  (fig. 
56)  has  the  form  of  a  curved 
funnel  attached  by  its  pointed 
base,  and  with  a  deep  central 
cavity  or  "cloaca"  apparently 
without  an  internal  wall.  The  constituents  of  the  skeleton  have  a 
radial  disposition,  and  distinct  spicules,  usually  four-armed,  and  inter- 


Fig.  35. — A,  Part  of  the  spicular  network  of  As- 
tylosfongia,  from  the  Silurian  of  Gotland,  enlarged 
60  times  ;  b,  Rhizomorine  spicule  of  Seliscothon 
'Mantelli,  from  the  Cretaceous  rocks,  enlarged  60 
times.    (After  Hinde.) 


Fig.  56.-Restoration  of  the  lower  part  of  Fig.    57- -Section   of  Astylos/.onpa 

Arclueoscyphia  Mingancnsh.    a.  The  pores       prcemorsa,  Silurian,  lennessee.  (After 
of  the  inner  wall  of  the  cup.    Ordovician.  Roemer.) 
(After  Billings.; 

linked  iDy  their  subdivided  ends,  are  present.  The  siliceous  nature 
and  spicular  structure  of  the  skeleton  in  Archaoscyphia  Minganemis 
render  it  clear  that  we  have  to  deal  here  with  a  genuine  Sponge. 
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In  the  Ordovician  rocks  we  meet  with  species  of  the  genera 
Hindia  and  Astylospongia,  both  of  which  are  represented,  still  more 
abundandy  in  Silurian  strata.  The  genus  Astylospongia  (fig.  57) 
comprises  globular  or  ovate,  unattached  sponges,  furnished  with  a 
cup-shaped  or  funnel-shaped  depression  at  the  summit.  There  are 
two  principal  sets  of  aquiferous  canals,  those  of  the  one  series  being 
radial  and  directed  from  the  surface  towards  the  centre,  while  those 
of  the  other  series  are  radial,  but  are  vertically  disposed  in  a  direction 
parallel  to  the  surface,  so  as  ultimately  to  open  into  the  summit-cup. 
Astylospongia  was  formerly  referred  to  the  Hexactinellids,  but  recent 
researches"  have  shown  that  it  is  truly  referable  to  the  Anomocladine 
group  of  the  Lithistids.  The  skeleton  consists  of  siliceous  spicules 
(fig.  55,  a)  with  solid  nodes,  from  which  radiate  from  six  to  nine 
straight  rays,  the  ends  of  which  are  branched  and  are  furnished  with 
slightly  expanded  articular  processes.  The  rigid  skeletal  network  is 
formed  by  the  apposition  of  the  branched  ends  of  the  spicules  to  the 
nodes  of  adjoining  spicules,  or,  sometimes,  to  the  ends  of  their 
immediate  neighbours.  More  or  less  closely  allied  to  Astylospongia 
are  the  Silurian  genera  PalcEomanon  and  Protachilleum,  and  probably 
the  Ordovician  genus  Eospongia;  while  the  Jurassic  genera  Melonella 
and  Cylindrophyma,  the  Cretaceous  Mastosia,  and  the  recent  Vetiilina 
are  regarded  by  Zittel  as  belonging  to  the  same  family. 

The  genus  Hindia  comprises  free,  spherical  or  subspherical 
sponges,  in  which  the  body  is  traversed  by  numerous  canals  which 
radiate  from  a  central  space  and  open  on  the  surface.  The  skeleton 
consists  of  four-rayed  spicules,  the  digitated  ends  of  which  embrace 
the  nodes  or  rays  of  adjoining  spicules  in  such  a  way  as  to  form  a 
regular  meshwork.  The  species  of  the  genus  are  chiefly  found  in 
the  Ordovician  and  Silurian  rocks,  but  spicules  have  been  recognised 
by  Hinde  in  strata  of  Carboniferous  age. 

No  Devonian  Lithistids  are  at  present  known,  but  a  few  forms  of 
this  group  {Cnemidiastrum  and  Dorydernia)  have  been  recognised 
in  the  Carboniferous  deposits.  No  forms  of  the  Lithistidce  are 
known  in  the  Permian  or  Triassic  rocks,  but  very  numerous  types 
of  this  order  of  sponges  have  been  recognised  as  occurring  in  the 
Jurassic  deposits.  In  the  Upper  Jurassic  rocks  of  Germany,  in 
particular,  are  numerous  Lithistids,  belonging  to  such  genera  as 
Cnemidiastrum,  Byalotragos,  Platychonia,  Flaconella,  &c.  It  is, 
however,  in  the  upper  portion  of  the  Cretaceous  system  that  the 
Lithistid  Sponges  attain  their  maximum  development,  the  genera 
Chenendopora,  Siphonia,  Verriiculina,  Cho7iella,  Jerea,  Jereica,  Bol- 
idiian,  Turonia,  Plinthosella,  Szc,  being  characteristic  and  widely 
distributed  types.  Of  all  the  Cretaceous  Lithistids  none  is  more 
generally  familiar  than  the  genus  Siphonia  (fig.  58),  in  which  the 
sponge  consists  of  a  pyriform  or  subspherical  body,  supported 
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usually  on  a  longer  or  shorter  stem,  and  attached  thereby  to  some 
foreign  body.  In  some  cases,  however,  the  stem  is  wanting,  and 
the  sponge  is  attached  simply  by  diverging  root-fibres.  The  ex- 
halant  water-canals  open  at  the  summit  of  the  sponge  by  oscula 
situated  within  an  apical  cavity  or  cloaca,  while  the  inhalant  canals 
open  by  pores  on  the  lateral  surfaces.  The  skele- 
ton-spicules  (fig.  54,  b)  are  four-armed,  the  ends 
of  the  rays  being  expanded  and  furnished  with 
tubercles  and  intervening  depressions,  by  means  of 
which  they  are  interlocked  with  the  rays  of  adjoining 
spicules  so  as  to  produce  a  rigid  framework.  As 
pointed  out  by  Sollas,  there  is  a  close  agreement  in 
form  between  the  spicules  of  Siphonia  and  those  of 
the  recent  genus  Discodermia.  The  genus  Jerea  is 
very  closely  allied  to  Siphonia,  but  there  is  nQ  general 
cloacal  chamber  ;  while  in  the  related  genus  Hallirhoa 
the  body  of  the  sponge  is  lobed. 

In  the  Tertiary  period,  lastly,  the  remains  of 
Lithistids  are  for  the  most  part  of  infrequent  oc- 
currence, though  numerous  sponges  belonging  to 
this  order  have  been  detected  in  Miocene  strata 
in  Algeria. 

Order  6.  HEXACXiNELLiDiE. — In  this  group  of 
the  siliceous  Sponges,  the  skeleton  is  composed  of 
six-armed  flinty  spicules,  the  rays  of  which  are  at 
rxz.s^.-sipho7iia  right  angles  to  each  other  (fig.  59,  b).  In  the 
Lit'Ssttd^Sponge""'  Centre  of  each  spicule  are  three  canals  cutting  each 
other  at  right  angles,  and  forming  an  axial  six-rayed 
tube.  In  some  Hexactinellid  Sponges,  the  spicules  are  simply 
united  by  the  soft  tissues.  More  commonly,  the  spicules  are 
fused  with  one  another  by  the  ends  of  corresponding  rays,  or  are 
united  by  means  of  amorphous  silica,  so  as  to  form  a  trellis-work 
of  rectangular  or  polyhedral  meshes,  the  individual  spicules  of 
which  may  be  only  recognisable  by  the  persistence  of  their  axial 
canals  (fig.  63).  The  "  flesh-spicules  "  are  fundamentally  six-armed, 
but  may  give  off  secondary  branches  so  as  to  form  a  rosette. 

The  Hexactinellid  Sponges  may  be  divided  into  two  groups  ac- 
cording as  the  skeletal  spicules  are  fused  with  one  another  or  are 
free.  In  the  group  of  the  Dictyonina,  comprising  such  genera  as 
Euplectella,  Vetitriculites,  Tremadictyon,  Cceloptychium  (fig.  59),  and 
many  others,  the  skeleton  is  composed  of  six-armed  spicules  which 
became  fused  with  one  another  by  a  secondary  deposit  of  silica,  so 
as  to  form  a  latticed  trellis-work.  On  the  other  hand,  in  the  group 
of  the  Lyssakina,  comprising  such  genera  as  Stauractinella  and 
ffyalostelia,  the  skeletal  spicules  are  interlaced,  and  are  usually 
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simply  held  in  position  by  the  soft  parts  of  the  sponge,  no  fusion 
taking  place  between  them. 

The  recent  Hexactinellids  are  all  inhabitants  of  the  sea,  and  are 
mosdy  found  in  deep  water,  and  palaeontologists  are  now  acquamted 
with  a  very  extensive  series  of  fossil  forms,  dating  from  the  Cam- 


Fig.  59.— A,  Side-view  of  a  specimen  o{  Cocloptychiuin  Seebachi,  of  the  natural  size,  from  the 
Lretaceous  formation ;  B,  Portion  of  the  hexradiate  skeleton  of  the  same,  enlarged  63  times. 
(After  Zittel.) 

brian  period.  The  oldest  known  type  of  the  Hexadijtellidce  is  the 
genus  Protospongia,  species  of  which  occur  in  deposits  of  Cambrian 
age.  In  this  genus,  the  sponge  is  cup-shaped,  with  a  thin  wall, 
composed  of  large  cruciform  spicules  arranged  so  as  to  form  a  quad- 
rate network,  the  interspaces  of  which  are  filled  up  by  similarly  dis- 
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posed  cross-shaped  spicules  of  smaller  size  (fig.  50).  Owing  to  the 
condition  of  preservation  of  the  sponge,  it  is  still  not  absolutely 
certain  whether  the  spicules  were  fused  with  one  another  or  free, 
but  it  would  seem  probable  that  the  former  was  the  case,  and  that 
the  genus  belongs  therefore  to  the  Dictyonine  section  of  the 
Hexactinellids. 

Another  very  ancient  genus  of  this  order  is  Uyalostelia,  one  of 
the  Lyssakine  section  of  the  Hexactinellids,  which  is  first  known 


a  long  "rope"  of  cylindrical  or  rod -like,  siliceous  "anchoring 
spicules,"  which  often  terminate  at  their  distal  ends  in  four  recurved 
rays  (fig.  60).  The  "rope"  is  the  part  usually  found  in  the  fossil 
condition,  and  in  the  case  of  the  Hyalostelia  paralkla  of  the  Car- 
boniferous rocks  it  was  originally  described  as  a  tubicolar  Annelide, 
under  the  name  of  Serpula  paralkla. 

In  strata  of  Ordovician  age,  the  Hexactinellid  Sponges  are  rep- 
resented not  only  by  the  genus  Hyalostelia,  but  also  by  the  singu- 
lar group  of  the  Receptaculitidce,  the  true  relations  of  which  have 
been  recently  determined  by  Dr  George  J.  Hinde.  The  two  prin- 
cipal genera  of  this  family — viz.,  Receptaailites  and  Ischadites — have 
long  been  known  to  palaeontologists,  but  the  investigation  of  their 
structure  has  proved  to  be  attended  with  great  difficulties,  and 
various  opinions  have  been  held  as  to  their  relations  and  systematic 
position.  \x\  Receptaailites  {^g.  61)  the  organism  is  a  cup-shaped 
or  platter-shaped  body  which  grows  from  a  small  inversely  conical 


Fig.  60. — A,  Part  of  the  anchoring-rope  oi  Hyal- 
ostelia Siiuthii,  from  the  Carboniferous  Limestone, 
of  the  natural  size  ;  b,  Fragment  of  one  of  the  anchor- 
ing spicular  rods  of  the  same  species,  showing  four 
recurved  rays  at  the  distal  end,  enlarged  ten  diame- 
ters.   (After  Hinde.) 


A 


R 


in  the  Cambrian  deposits, 
is  found  in  Ordovician  and 
Silurian  strata,  and  is  abund- 
antly represented  in  the  Car- 
boniferous rocks.  Detached 
spicules  from  the  Chalk 
have  also  been  referred 
here.  The  genus  Hyalos- 
telia is  related  to  the  recent 
genus  Hyalonevia,  compris- 
ing the  so-called  "  Glass-rope 
Sponges."  The  body  of  the 
Sponge  in  Hyalostelia  is  im- 
perfectly known,  but  is  com- 
posed of  siliceous  spicules 
some  of  which  are  of  the 
hexactineUid  type,  with  one 
ray  much  elongated,  while 
others  are  variously  modi- 
fied. The  sponge  was  at- 
tached to  the  sea-bottom  by 
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nucleus,  and  may  reach  a  foot  or  more  in  diameter  but  is  not 
attached  by  a  stem  to  tjie  sea-bottom.  In  the  nearly  allied  hchad- 
ifes  the  organism  is  conical,  ovate,  or  pyriform  in  shape,  with  a 
summit-aperture  leading  into  a  central  cavity.  In  Receptaculites,  on 
the  other  hand,  there  is  no  distinct  evidence  that  the  cup-shaped 
cavity  was  ever  roofed  over  as  it  is  in  Ischadites.    The  internal 


Fig.  61.— Morphology  ot  Receptaculitcs.  A,  Outline  of  a  perfect,  basin-shaped  specimen  of 
Receptaciditcs  Neptuni,  viewed  in  profile,  ot  the  natural  size  ;  B,  Part  of  the  outer  integument 
of  the  same,  enlarged  two  diameters,  and  so  far  weathered  as  to  show  the  four  transverse  or 
horizontal  rays  which  underlie  the  summit-plates  of  the  skeleton-spicules  ;  c,  Side-view_  of  a 
fragment  of  the  same,  showing  the  skeletal  spicules  ;  D,  Vertical  section  of  the  same,  magnified, 
showing  the  skeletal  spicules  with  their  axial  canals  and  expanded  extremities.  From  the  De- 
vonian of  Germany.    (After  Giimbel.) 


structure  of  these  singular  organisms  will  be  best  understood  by  refer- 
ence to  fig.  62,  which  is  an  ideal  figure  constructed  by  Mr  Billings 
to  show  the  morphological  characters  of  ReceptaciiUtes.  It  should 
be  noted,  however,  that  this  figure,  though  well  representing  the 
structure  of  Receptaailites,  gives  an  incorrect  idea  of  the  fo7-m  of  the 
organism ;  since  the  known  species  of  this  genus  are  cup-shaped 
and  open  superiorly,  as  shown  in  fig.  60,  a.  The  cup-shaped  body 
of  Receptaailites  is  furnished  with  a  thick  wall  composed  of  pillar- 
like spicules  arranged  at  right  angles  to  the  surface.  These  spicules 
are  shown  in  thin  sections  (fig.  61,  d)  to  be  furnished  in  their  in- 
terior with  an  axial  canal,  and  they  are  expanded  at  their  outer  ends 
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Fig.  62. — Diagram  of  the  structure  of  Recep- 
taciUites,  as  it  would  be  shown  by  a  vertical  sec- 
tion of  a  perfect  specimen,  a,  The  aperture  at  the 
summit  ;  b,  The  inner  plates  of  the  spicules ;  c. 
The  summit-plates  of  the  spicules  ;  «,  The  usual 
position  of  the  nucleus  ;  v,  The  great  internal 
cavity.  The  unshaded  bands  running  from  the 
outer  to  the  inner  integument  represent  the  spic- 
ules. (After  Billings.)  The  fonn  of  this  figure 
agrees  with  that  of  Ischadites,  the  body  in  Recep- 
taculites  being  of  the  nature  of  an  open  cup  or 
bowl. 


into  rhomboidal  "summit  plates"  (fig.  61,  b),  which  fit  into  one 
another  so  as  to  form  a  mosaic-like  outer  layer  or  membrane,  the 

plates  being  disposed  in  de- 
cussating lines.  Immediately 
below,  or  internal  to,  the  sum- 
mit-plates, the  vertical  spicules 
give  off  four  transverse  or  hori- 
zontal rays,  which  only  become 
visible  externally  when  the  sur- 
face-plates are  worn  away  or 
are  viewed  from  the  inside  (fig. 
61,  b).  At  their  inner  ends, 
where  they  abut  upon  the 
central  cavity  of  the  organism, 
the  vertical  spicules  expand  so 
as  to  form  small  horizontal 
plates  (fig.  62,  b\  which  are 
traversed  by  horizontal  canals, 
and  are  so  apposed  to  each  other 
as  to  give  rise  to  an  inner  cal- 
careous membrane.  In  one 
species  of  the  genus,  if  not  in 
all,  the  plates  of  this  inner 
membrane  are  so  disposed  as  to  leave  cylindrical  canals  at  their 
angles  of  junction,  through  which  the  water  which  has  filtered  be- 
tween the  summit-plates  of  the  outer  layer  of  plates  is  admitted  to 
the  internal  cavity  of  the  organism.  In  most  specimens  of  Recep- 
taculites  the  skeleton-spicules  are  now  composed  of  calcite  or  per- 
oxide of  iron,  but  Hinde  has  adduced  evidence  to  show  that  the 
spicules  were  originally  siliceous,  and  that  their  present  condition  is 
the  result  of  replacement.  The  species  of  Receptaculites  are  widely 
distributed  in  the  Ordovician  and  Silurian  deposits,  and  are  also 
well  represented  in  the  Devonian  rocks,  while  a  species  is  recorded 
as  occurring  in  the  strata  of  Carboniferous  age. 

The  genus  Ischadites'^  comprises  fossils  which  are  in  many  respects 
closely  allied  to  Receptaculites,  but  in  which  the  central  cavity  is  roofed 
over  superiorly,  instead  of  being  widely  open  as  it  is  in  the  latter  genus. 
The/<?rwz  of  the  organism  is,  therefore,  that  represented  in  the  diagram- 
matic figure  of  Receptaculites  given  above  (fig.  62),  being  conical  or 
pyriform,  usually  with  a  summit-perforation  opening  into  the  central 
cavity.  The  wall  of  the  organism  is  composed  of  cylindrical,  piUar-like 
spicules,  arranged  at  right  angles  to  the  surface,  and  in  most  respects 
sm-iilar  to  the  corresponding  structures  in  Receptaculites.  The  outer 
ends  of  these  hexactinellid  spicules  are  modified  to  fonn  rhomboidal 

'  The  fossils  to  which  the  name  Tdragoiiis  have  been  given  belong  in  part  to 
Ischadites,  and  are  in  part  referable  to  the  Hexactinellid  genus  Dtctyophyton. 
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"summit-plates,"  which  are  nearly  in  contact,  and  are  arranged  in 
obliquely  curved  intersecting  rows,  giving  the  external  surface  of  the 
fossil  very  much  the  appearance  of  the  engine-turned  case  of  a  watch. 
Internal  to  the  summit-plate,  each  radial  spicule  gives  off  four  transverse 
or  horizontal  rays,  as  in  the  genus  Receptaculites j  but  the  inner  ends  of 
the  radial  spicules  simply  terminate  in  pointed  extremities,  and  there  is, 
therefore,  no  internal  plated  membrane  such  as  characterises  the  latter 
genus.  The  species  of  Ischadites  are  found  in  the  Ordovician  rocks, 
and,  more  abundantly,  in  Silurian  deposits,  but  they  are  not  known  to 
have  survived  into  the  Devonian  period.  Nearly  allied  to  Ischadites  is 
the  genus  Acanihochotiia,  which  is  also  of  Silurian  age.  Lastly,  the 
genus  Sphcerospongia  includes  pyriform  or  cup-shaped  organisms,  the 
outer  integument  of  which  consists  of  regularly  arranged  hexagonal 
calcareous  plates,  which  represent  the  expanded  outer  ends  (or  "  summit- 
plates  ")  of  a  series  of  Hexactinellid  spicules.  Immediately  below,  or 
internal  to,  the  summit-plate,  each  spicule  gives  off  four  transverse  or 
horizontal  rays,  but  the  actual  stem  of  the  spicule,  or,  in  other  words,  its 
radial  ray,  is  either  aborted  or  is  represented  only  by  a  short  knob-like 
projection.  The  species  of  Sphcerospongia  are  confined,  so  far  as  known, 
to  the  Devonian  rocks. 

In  spite  of  their  abnormal  form  and  structure,  as  compared  with  recent 
types,  there  seems  to  be  no  reason  for  doubting  that  Dr  Hinde  is  correct 
in  his  view  that  the  genera  Receptaculites,  Ischadites,  Acanthochonia,  and 
SphcErospongia  constitute  a  peculiar  group  of  Lyssakine  Hexactinellid 
Sponges,  all  the  members  of  which  are  Palaeozoic. 

In  rocks  of  Silurian  age,  the  Hexactinellid  Sponges  are  represented 
not  only  by  the  Anchoring-Sponges  belonging  to  the  genus  Hyalo- 
stelia  and  by  the  abnormal  genera  of  the  Receptaculitidce  ]\x?,t  noticed, 
but  also  by  the  curious  types  known  as  Dictyophyton  and  Plectoderma. 
The  genus  Dictyophyton  comprises  cylindrical  or  cup-shaped  sponges, 
apparendy  not  attached  to  foreign  bodies,  in  which  the  wall  consists 
of  a  connected  spicular  framework  disposed  so  as  to  form  a  series  of 
quadrangular  areas.  The  precise  structure  of  the  spicules  and  their 
mode  of  union  are  points  as  yet  imperfectly  known.  The  species  of 
pictyophyto7i  are  not  only  found  in  the  Silurian  rocks,  but  likewise 
in  Devonian  strata,  and  species  occur  also  in  the  Carboniferous 
deposits.  The  Silurian  genus  Plectoderma  is  related  to  Dictyophy- 
to)i,  but  the  spicular  network  is  much  less  regular. 

In  the  Devonian  deposits,  the  groups  of  He.xactinellids  represented 
by  Sphcerospongia  and  Dictyophyton  still  persist,  but  our  knowledge 
of  other  types  is  very  imperfect.  In  the  Carboniferous  period,  again, 
the  Hexactinellids  are  chiefly  represented  by  the  genus  Hyalostelia, 
the  anchoring  fibres  of  which  are  not  very  uncommon  in  the  lower 
beds  of  the  system  ;  but  other  genera  of  the  Lyssakina  (such  as 
Holasterella)  are  likewise  represented. 

In  the  Permian  and  Triassic  systems,  so  far  as  oul-  certain  know- 
ledge goes,  Hexactinellid  Sponges  may  be  said  to  be  still  unknown  ; 
though  the  imperfectly  examined  Bothroconis  of  King,  from  the  Per- 
mian of  the  North  of  England,  may  possibly  belong  here. 
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On  the  Other  hand,  in  the  Jurassic  rocks  the  Hexactinellid  Sponges, 
though  comparatively  few  in  number  in  the  lower  division  of  the 
system,  attain  a  great  development  in  the  upper  beds  of  the  system, 
in  certain  regions.  Of  the  Jurassic  Hexactinellids,  Craticularia, 
VerrncocKlia,  Tremadictyon  (fig.  63),  Spradopyle,  and  Sphe^iaulax 
possess  a  skeleton  built  upon  the  same  type  as  the  recent  Eurete  and 
Farrea  ;  Pachyteichisma  and  Trochobolus  are  early  forms  of  the  great 


TT.V  fit,  —Portion  01  the  skeleton  of  Tremadictyon  reiicnlatum,  enlarged  5°  diameters,  from 
.hrh.rasLic  rocks  (After  littel.)  The  original  spicules  are  soldered  into  a  continuous  trell.s- 
wnrk  bv  a  coating  of  silka;  bu  their  potition  and  hexradiate  form  ,s  shown  by  the.r  ax,al 
«nals.  ^The°' eroding  nodes."  or  points  of  intersection  of  the  arms  of  each  spicule,  are  solid. 

family  of  the  Ventriciilitidce ;  Cypellia,  Stauroderma,  and  others  repre- 
sent the  extinct  family  of  the  Staurodermidce ;  and  Stauractinella 
belongs  to  the  group  of  Hexactinellids  {Lyssakifia)  in  which  the 
skeleton-spicules  are  only  united  by  sarcode,  so  that  they  do  not 
form  a  continuous  network. 

In  the  Cretaceous  deposits,  and  especially  m  the  Chalk  itselt,  the 
Hexactinellids  are  very  largely  and  abundantly  represented.    Of  the 
family  of  the  Euretida,  with  their  regular  spicular  mesh  and  simple 
spicular  nodes,  we  have  now  few  forms  {Craticularia,  Vernicoca-/ia 
&c  )  ■  but  the  great  family  of  the  Ventriculitidce  and  the  groups  allied 
to  this  now  undergo  a  marvellous  expansion.    In  the  VentncuhtidcT. 
proper  the  sponge-body  is  of  variable  shape,  but  usually  more  or 
ks°  cup-shaped  or  infundibuliform  (figs.  64  and  65),  or  cyhndnca^ 
he  wall  bei.  g  often  folded.   The  skeleton-spicules  are  always  united 
nto  a  continuous  lattice-work,  and  their  "  crossing-nodes "  are  no 
olid     On  the  other  hand,  the  point  of  intersection  of  the  arms  o 
each  hexradiate  spicule  forms  an  open  octahedron,  in  the  centre  of 
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which  the  central  canals  of  the  six  rays  form  a  delicate  axial  cross. 
The  boundaries  of  the  central  space  are  formed  by  twelve  oblique 
uniting  beams,  the  whole  forming  an  elegant  octahedron,  which  is 
known  as  the  "  lantern "  (see  the  same  type  of  spicule  in  Calopty- 
ckiiim,  fig.  59,  b).  The  sponge -body  in  the  Ventriculitidce  was 
attached  to  the  sea-bottom  by  a  root  of  fasciculate  flinty  fibres,  and 
a  dermal  layer  in  the  form  of  a  cribriform  siliceous  membrane  was 


Fig.  64. — Ventriculites  s/.  White 
Chalk,  Britain. 


Fig.  65.  —  Ventriculites  st7-iatiis, 
from  the  Cretaceous  rocks  of  Han- 
over, one-half  of  the  natural  size. 


present.  Typical  Cretaceous  genera  of  the  Ventriciilitida.  are  Ven- 
triculites itself  (figs.  64  and  65),  of  which  numerous  species  are  known, 
Rhizopoterion  and  Cephalites. 

Closely  allied  to  the  preceding  is  the  family  of  the  Cceloptychidce, 
comprising  the  beautiful  Chalk  Sponges  which  constitute  the  genus 
Caloptychiiiin  (fig.  59).  These  are  in  most  respects  very  similar  to 
Ventricnlites,  but  have  a  flattened  or  discoid  body  supported  on  a 
short  stem,  the  skeleton  being  folded  into  laminated  walls  which 
divide  the  central  cavity  into  radial  chambers. 

The  group  of  the  Mceandrospongidoi  is  also  closely  related  to  that 
of  the  Ventriculitidce,  and  comprises  variably  shaped  sponges  with 
to  ded  walls,  the  folds  often  anastomosing  so  as  to  give  rise  to  open 
"rf  ^- .  ge"era  of  this  family— such  as  Plocoscyphia,  Treviabolites, 
^t/ieridiria,  Toulminia,  and  Cainerospongia  (fig.  66)— are  mostly  Cre- 
taceous, though  a  few  types  occur  in  the  Jurassic  deposits. 
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As. regards  the  remaining  groups  of  the  Cretaceous  Hexactinellids, 
the  body-wall  in  the  family  Callodictyonidce  is  composed  of  hexacti- 
nellid  spicules  the  nodes  of  which  are  octahedral,  and  which  give 
rise  by  their  union  to  an  exceedingly  regular  open  meshwork,  while 
the  canal-system  is  wanting  or  rudimentary.    The  Cretaceous  genera 


Fig.  ti>.—Camerospongiafungi/ormis.  Cretaceous. 

Callodictyon  and  Pleurope  are  good  representatives  of  this  family. 
In  the  Mellitionidce,  are  included  Sponges  in  which  the  walls  are 
closely  perforated  by  tubular  canals  like  the  cells  of  honeycomb,  and 
the  spicules  have  simple  nodes.  This  family  includes  the  Creta- 
ceous genus  Stauronema  and  the  genus  Aphrocallistes,  which  ranges 
from  the  Chalk  to  the  present  day.    The  family  of  the  Cosanopon- 

dce  comprises  variously  shaped 
Sponges,  with  a  close  and  irre- 
gular skeletal  network,  and  hav- 
ing  numerous    straight,  blind, 
radiate  canals  which  open  alter- 
nately  on   both   sides  of  the 
sponge  -  wall.      In  Coscinopora 
itself  (fig.  67),  the  cup-shaped 
sponge-body  is  affixed  to  some 
foreign  object  by  ramified  roots. 
The  lattice-work  of  the  skeleton 
is  irregular,  and  the  crossing- 
nodes  of  the  spicules  are  partly 
solid  and  partly  furnished  with 
a    "  lantern."     In   the  nearly 
allied  Guettardia,  which  is  also 
Cretaceous  in  its  range,  the  wall  is  deeply  folded  in  a  stellate 
manner,  and  the  crossing-nodes  of  the  spicules  are  solid  Nearly 
eS  'to  the  preceding  is  the  family  of  the  ^^^^^^^^ 
though  principally  Jurassic  m  its  range,  is  not  without  Cretaceous 

^^^^SS^ScS^eSt:;^.  are  comparatively  f.w  m  nun. 
ber  and  are  imperfectly  known,  but  the  order  is  represented  at  the 
present  day  by  such  geii^era  as  Euplectella,  Hyalo.ona,  Aphrocalhstes, 

^£  ^  ^nie^S  »  a  few  words  may  be 
added  witfregld  to  the  Silurian  genus  A.nphispons.a.  the  char- 


p:„  (^1— Coscinopora  cupuliformis,  and  a  por 
tion  of  its  surface  enlarged.  Cretaceous. 
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acters  of  which  are  in  some  respects  anomalous.  In  this  curious 
genus  (fig.  68,  ^-  and  d)  the  sponge-body  is  eUiptical,  greatly  com- 
pressed, and  free,  without  any  traces  of  a  canal-system.    The  basal 


Fig.  68. — a.  Side-view  of  a  specimen  of  Astrceospongia  meniscus,  of  the  natural  size,  Sil- 
urian :  b,  Spicules  of  the  same,  enlarged  (after  Roemer) ;  c,  A  split  specimen  of  Amphi- 
spongia  oblonga,  of  the  natural  size,  Silurian ;  d,  Part  of  the  upper  portion  of  the  same, 
enlarged.  (Original.) 

portion  of  the  sponge  consists  of  large  conical  spicules,  arranged 
with  their  pointed  lower  ends  converging  towards  the  middle  line  ; 
while  the  upper  portion  consists  of  "  slender  four-  and  five-rayed 
spicules  with  the  rays  at  right  angles  to  each 
other  "  (Hinde).    The  spicules  are  not  fused 
with  one  another,  and  their  arrangement  is 
peculiar.    In  spite  of  its  aberrant  character, 
however,  it  would  seem  that  Amphispongia 
should  be  regarded  as   belonging  to  the 
Hexactinellida. 

Order  7.  OcxACTiNELLiDyE. — This  order 
is  represented  only  by  the  single  genus  As- 
ircBospongia,  and  is  characterised  by  the  pre- 
sence of  skeleton-spicules  which  are  normally 
eight-rayed,  six  of  the  rays  radiating  at  equal 
angles  from  a  central  point  (fig.  68,  b),  while 
the  other  two  rays  form  a  vertical  axis.  The 
spicules  are  not  fused  with  one  another,  and 
the  vertical  rays  are  often  obsolete  or  wholly 
wantmg.  The  sponges  which  constitute  the 
g^m^  Asirceospongia  (fig.  68,  a)  are  discoid 
or  basin-shaped  in  form,  without  anv  stem  of      Astcractinciia  cxp, 

nf(-ni^V,.^«   4.  J       •  1  ,         .  of  'he  Heteraclniellid 

'luacnment,  and  without  any  definite  canal-  Sponges,  from  the  Carbon- 
systeni.  The  spicules  have  the  form  above  lilreUr^tr' hI:!.)" 
aescnbed,  and  are  now  usually  found  in  the 

condition  of  calcite.  According  to  the  views  of  Dr  Hinde,  however, 
tne  present  calcareous  condition  of  the  spicules  is  the  result  of 
secondary  changes  or  replacement,  and  the  skeleton  was  originally 

^"  M 


Fig.  69. — Skeleton-spicule 
'ansa. 
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siliceous.  The  oldest  known  species  of  Astraospongia  appear  in  the 
Silurian,  but  the  genus  is  principally  characteristic  of  the  Devonian 
system. 

Order  8.  HEXERACXiNELLiDiE. — This  group  has  been  founded 
by  Hinde  to  include  certain  Palaeozoic  siliceous  Sponges  in  which 
the  skeleton-spicules  consist  of  "  an  indefinite  number  of  rays,  vary- 
ing from  six  to  thirty,  radiating  from  a  common  centre  "  (fig.  69). 
The  body-spicules  are  irregularly  disposed  and  are  not  fused  with 
one  another ;  but  the  dermal  spicules  are  interwoven  together,  and 
their  rays  are  partially  or  completely  fused  with  one  another.  The 
genera  ThoUasterella  and  Asteractinella  (fig.  69),  included  by  Hinde 
in  this  group,  are  confined  to  strata  of  Carboniferous  age,  and  are 
only  known  by  detached  spicules  or  imperfect  fragments. 


Class  II.  Calcispongi^. 

The  class  of  the  Calcareous  Sponges  comprises,  as  the  name  im- 
plies, all  those  sponges  in  which  the  skeleton  is  composed  of  spicules 
of  carbonate  of  lime.    The  spicules  vary  considerably  in  form,  and 
different  forms  are  often  associated  in  the  same  sponge.    In  livmg 
Calcisponges  the  spicules  are  never  fused  with  one  another,  nor 
united  by  horny  fibre,  but  in  the  group  of  fossil  Calcisponges  de- 
scribed by  Zittel  under  the  name  of  Pharetrones,  the  skeleton  is 
formed  by  a  reticulated  calcareous  fibre  which  is  "  wholly  composed 
of  spicules  in  close  approximation  to  each  other,  and  as  closely  in- 
terwoven together  as  the  strands  of  a  rope"  (Hinde).    The  follow- 
ing are  the  principal  types  of  spicules  found  in  the  calcareous 
Spon-es.    id)  Simple  uniaxial  spicules,  which  may  be  associated 
with  the  other  forms  of  spicules,  or,  as  in  Pharetrospongia  may  be 
the  only  forms  present,    ib)  Three-rayed  spicules,  in  which  all  the 
rays  are  in  one  plane  and  the  rays  and  angles  are  equal  (figs.  70  and 
71  b)     In  some  cases  the  spicules  are  triradiate,  but  two  ot  the 
three  rays  are  paired  and  equal,  and  the  third  ray  is  longer  or 
shorter  than  the  other  two.    {c)  Four-rayed  spicules,  ^vith  three 
rays  equal  and  in  one  plane,  but  with  a  fourth  ray  directed  at  right 
angles  or  obliquely  to  the  others. 

The  recent  Calcisponges  are  all  of  small  size  and  are  inhabitants 
of  comparatively  shallow  water,  all  being  marine.  By  Vosmaer  the 
Calcisponda  are  divided  into  the  following  two  orders  :— 

Order  i.  HoMOca.LA.-In  this  order  there  are  no  special 
"flagellated  chambers,"  and  the  canal-system  can  hardly  be  said  to 
exist  in  a  definite  form ;  but  the  thin  walls  of  the  sponge  (fig.  70 
perforated  by  numerous  pores  opening  directly  into  a  general 
'^vity  S  is  lined  by  ciliated  epithelium  and  terminates  on 
Sl  Jurflce  by  a  single  osculum.    The  order  corresponds  with  the 
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Ascones  of  Haeckel,  and  includes  the  recent  genus  Leucosolenia 
{  =  Ascetta).  No  fossil  forms  belonging  to  this  order  are  known 
to  occur. 

Order  2.  Heteroccela. — In  this  order  "  flagellated  chambers  " 
are  present,  and  there  is  a  canal-system  of  different  form  in  the  dif- 
ferent families  of  the  order.  In  the  family  of 
the  Syconidce  (  =  the  Sycones  of  Haeckel)  the 
flagellated  chambers  are  elongated,  and  con- 
stitute a  series  of  radial  tubes  which  open  di- 
rectly into  a  central  cloacal  chamber.  This 
family  includes  such  recent  genera  as  Grantia 
and  Sycon,  together  with  the  Jurassic  genus 
Protosycon.  This  latter  is  the  earliest  repre- 
sentative of  the  modern  Calcisponges,  and  pos- 
sesses a  cylindrical  or  clavate  body,  with  a  long 
tubular  cloaca,  and  having  the  three-rayed  or 
four-rayed  spicules  so  disposed  as  to  form  a 
series  of  radial  canals. 

In  the  family  of  the  Leuconidce  (  =  the  Leu- 
cones  of  Haeckel)  the  flagellated  chambers  are 
mostly  rounded,  and  are  placed  in  communi- 
cation with  the  cloacal  chamber  by  exhalant 
canals ;  while  the  skeletal  spicules  are  arranged 
in  no  definite  order.  This  family  includes  such 
recent  genera  as  Leticonia  and  Leiicandra,  de- 
tached spicules  of  both  of  which  have  been 
recognised  in  the  Pliocene  beds  of  St  Erth, 
Cornwall.  Very  closely  allied  to  this  family  is 
the  group  of  the  Tetchonidce,  of  which  no  fossil 
forms  are  known. 

Lastly,  we  have  the  large  and  important 
group  of  the  Fharetronida  (the  Fharetrones 
members  of  which  are  extinct.  This  group  includes  the  largest 
and  most  massive  of  all  the  Calcisponges,  and  its  characters  depart 
m  many  important  respects  from  those  of  all  recent  forms.  The 
Sponges  included  by  Zittel  under  the  name  of  Fharetrones  are 
variably  shaped,  simple  or  branched  sponges,  with  thick  walls,  and 
attached  by  their  bases  to  foreign  bodies.  In  some  forms  {e.g.,  in 
Peronella)  the  canal-system  is  not  distinctly  developed,  but  there  is 
usually  a  special  system  of  irregular,  branched  water-canals.  The 
skeleton  consists  of  calcareous  spicules  disposed  to  form  a  network 
ot  solid  anastomosing  fibres  (fig.  71,  d),  and  there  is  a  well-de- 
veloped smooth  or  winkled  dermal  membrane. 

The  eadiest  known  types  of  the  Fharetrones  appear  in  the  De- 
vonian rocks,  and  belong  to  the  genus  Feronella,  which  in  later 


Fig.  70. — Asceita prim- 
ordialis,  a  simple  Cal- 
careous Sponge,  enlarged 
fifty  times.  (After  Haec- 
kel.) 


of  Zittel),  all  the 
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deposits  is  represented  by  very  numerous  forms.  In  this  genus, 
the  sponge  is  simple  or  branched,  there  is  no  definite  canal-system, 
and  the  skeleton  consists  (where  its  structure  can  be  determined  at 
all)  of  anastomosing  calcareous  fibres  composed  of  comparatively  large 
three-rayed  and  four-rayed  spicules  surrounded  by  similar  spicules 
of  small  size.  Little  is  known  of  the  Pharetroms  of  the  Carbon- 
iferous and  Permian  deposits;  but  the  Upper  Triassic  beds  have 
yielded  numerous  forms  belonging  to  such  genera  as  Eudea,  Ver- 
ticillites,  Peronella,  Corynella,  and  Stellispofigia.  In  the  Jurassic 
and  Cretaceous  rocks  the  remains  of  Pharetrones  are  often  very 
abundant,  and  belong  to  very  numerous  genera.     Of  the  many 


uralfize;  B,  ^o-'l'^- °^ ^Trn"^  T^li^^^A^^^^  belonging  to  the  dermal 

dermal  layer,  enlarged  thirty  times,  '^a^^'f ==7^^ '"he  svl\^ioAhr^  oi  Elasmostoma  scdulum, 
"Z^A^^^^^^^^^o^-ifP^  -''^  small  filiform  spicules,  from  the  Upper 
Chalk,  enlarged  fifty  times.    (After  Hinde.) 

Jurassic  genera,  Corynella  is  perhaps  the  most  important.  In  this 
Snrwe^  have  sponges  allied  to  Peronella,  but  usually  possessing 
ftot  canal-system,  and  having  the  reticulated  skeleton-fibie 
com?osed  o  '  mLute,'  filiform,  three-rayed  spicules  disposed  gen 
composeu  u  ,  direction  of  the  fibre"  (Hinde). 

the  =P°"f  Zrk.  wall  is  formed  by  a  single  layer  of  re- 

common  ax  al  tuDe,  anu  ^  .     „u„,erous  minute  canals. 

riculated  -:;  -f-%«''7,,''r:;d  c)  is' formed  of  relatively  large 

l^:J:y:tTio^^^y^^  -'^^^        *eleto„-fibres  are 
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composed  of  minute  filiform  triradiate  spicules.  In  Elasmostoma 
(fig.  71,  d)  the  fibres  of  the  skeleton  are  composed  of  large  three- 
rayed  and  four-rayed  spicules,  arranged  in  the  centre  of  the  fibre 
and  surrounded  by  smaller  sinuous  spicules.  Lastly,  in  the  genus 
Pharetrospongia,  regarded  by  Professor  Sollas  as  a  Halichondroid 
Sponge,  the  skeleton-fibre  is  composed  of  minute,  straight  or  slightly 
curved,  uniaxial  spicules,  arranged  parallel  with  one  another  in  the 
direction  of  the  fibre. 

The  latest  known  representatives  of  the  Pharetrones  occur  in  the 
Maestricht  Chalk,  but  no  examples  of  this  group  of  sponges  have 
been  as  yet  detected  in  any  strata  of  Tertiary  age,  nor  are  any  re- 
cent forms  recognised  which  could  be  referred  to  this  remarkable 
division  of  Calcisponges. 
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CHAPTER  XII. 

FOSSILS  OF  DOUBTFUL  AFFINITIES. 

I.  ARCHiEOCYATHIN^. 

The  lowest  Cambrian  strata  ("  Olenellus  Beds  ")  of  North  America, 
Spain,  and  Sardinia  have  yielded  the  remains  of  a  number  of  re- 
markable organisms,  which  may  be  collectively  spoken  of  as  the 
ArchcEOcyathina,  but  which  cannot  at  present  be  definitely  referred 
to  their  place  in  the  zoological  series.  The  three  genera  which  may 
be  regarded  as  typical  of  this  group  of  organisms  are  Archaocyatlms, 
Ethmophyllum,  and  Spirocyafhus,  and  the  characters  of  these  may 
be  briefly  treated  of  here. 

There  is  some  difficulty  in  determining  for  which  of  the  species 
described  by  Mr  Billings  under  the  name  of  Archceocyathus  this 
generic  title  should  be  retained.  If,  however,  we  follow  Hinde, 
and  accept  Archceocyathus  profundus.  Bill.,  as  the  type  of  the  genus, 
we  have  to  deal  with  elongated,  turbinate,  more  or  less  curved 
fossils,  sometimes  more  than  a  foot  in  length,  with  a  diameter  of 
from  two  to  four  inches,  having  a  general  resemblance  to  such 
Rugose  Corals  as  the  simple  species  of  Cyathophyllum.  The  conical 
skeleton  is  hollow,  with  a  deep,  cup-shaped  internal  cavity,  the  sur- 
face of  which  shows  radiating  ridges,  and  is  bounded  by  a  thin 
inner  wall  (fig.  72,  a).  Both  the  inner  and  outer  walls  are  per- 
forated by  pores,  and  the  space  between  the  two  is  traversed  by 
numerous  vertical  septa,  which  are  in  turn  connected  by  delicate 
dissepiments,  giving  the  general  structure  a  vesicular  character  (fig. 
72,  b).  Archceocyathus  profundus  seems  to  have  been  undoubtedly 
calcareous  in  its  original  constitution,  and  there  is  no  evidence  that 
its  skeleton  was  at  any  time  composed  of  spicules.  The  original 
specimens  were  obtained  in  the  Cambrian  strata  of  the  Straits  of 
Belle  Isle,  Labrador. 

The  genus  Ethmophyllum,  as  based  upon  the  fossils  described  by 
Mr  Meek  from  the  Cambrian  strata  of  Nevada  under  the  name  of  E. 
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Whittieyi,  comprises  organisms  with  a  general  resemblance  to  Archao- 
cyathtis.  The  skeleton  in  this  genus  is  also  superficially  very  similar 
to  a  simple  Rugose  Coral,  being  cup-shaped,  turbinate,  or  cylindrical, 
and  either  straight  or  curved  (fig.  72  bis^  a),  the  external  surface 
being  sometimes  concentrically  annulated  or  vertically  ribbed.  There 
is  a  deep  internal  cup  (fig.  72  bis),  the  lining  of  which  is  perforated 

by  numerous  round  or  oval  pores, 
similar  perforations,  arranged  in 
vertical  and  horizontal  rows,  exist- 
ing in  the  outer  wall  as  well.  The 
space  between  the  inner  and  outer 
membranes  is  subdivided  by  a 
number  (from  six  to  over  one 
hundred)  of  vertical  radiating  par- 
titions (fig.  72,  b),  which  have 
a  general  resemblance  to  the 
"septa"  of  the  Madreporarian 
Corals.  These  radiating  septa 
are  usually  perforated  by  rounded 
apertures,  which  place  contiguous 
interseptal  chambers  in  communi- 
cation ;  and  they  are  commonly 
connected  togethg;  by  irregular 
transverse  plates,  resembling  the 
"dissepiments"  of  many  corals. 
The  whole  structure  of  the  skele- 
ton is  thus  more  or  less  porous, 
and  a  characteristic  feature  of  the 
genus  is  the  presence  of  oblique 
funnel-shaped  canals  leading  into 
the  internal  cup.  As  in  the  pre- 
genus,  the  skeleton  is  now  calcareous,  and  microscopic  sec- 
tions show  nothing  which  would  prove  that  its  constitution  was  at 
any  time  essentially  different,  or  that  definite  spicules  existed.  By 
Mr  Walcott,  the  fossil  described  by  Mr  Billings  under  the  name  of 
Archaocyathus  Minganensis  has  been  referred  to  the  genus  Ethino- 
phyllum;  but,  as  previously  pointed  out,  the  researches  of  Dr  Hinde 
have  shown  that  this  form  was  originally  siliceous,  with  a  spicular 
skeleton,  and  that  it  is  truly  referable  to  the  Lithistid  Sponges. 

On  the  other  hand,  the  fossils  described  by  Billings  from  the 
Cambrian  rocks  of  Canada  under  the  name  of  Archaocyathus  atlan- 
ticus  would  seem  to  differ  considerably  in  structure  from  Archceocya- 
thus  proper  (as  based  upon  A.  profundus,  Bill.) ;  and  they  have 
recently  been  referred  by  Hinde  to  a  new  genus  under  the  name  of 
Spirocyathus  (apparently  related  to  the  Protopharetra  of  Bornemann). 


Fig.  72. — A,  Longitudinal  section  of  a  sinall 
specimen  oi  Archaocyathus  profundus,  Bill., 
slightly  reduced  in  size,  showing  the  reticu- 
lated structure  of  the  skeleton  and  the  deep 
cup  at  the  summit ;  B,  Part  of  a  transverse 
section  of  the  same,  enlarged,  showing  that 
the  reticulated  skeleton  has  a  distinct  radial 
structure,  the  septa  being  connected  by  dissep- 
iments. Cambrian,  Labrador.  (After  Wal- 
cott.) 
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The  skeleton  in  Spirocyathis  atlanticus  is  conical  in  form,  with  a 
general  resemblance  to  a  simple  coral,  its  interior  being  occupied  by 
a  longitudinal  tubular  cavity  (fig.  72  bis,  c  and  d).  The  space 
between  the  inner  and  outer  walls  is  occupied  by  reticulated  calcar- 
eous tissue,  in  which  a  radial  structure  is  hardly  recognisable,  while 
distinct  vertical  "  septa  "  do  not  appear  to  be  present.  The  spaces 
or  irregular  canals  formed 
by  this  calcareous  reticu-  P 
lation  open  on  both  the 
outer  and  inner  surfaces 
of  the  skeleton  by  round- 
ed or  oval  pores.  In 
this  case,  also,  the  skele- 
ton seems  to  have  been 
originally  calcareous,  and 
there  is  no  evidence  of 
any  spicular  structure. 
Spirocyathis  atlanticus 
occurs  in  the  Cambrian 
rocks  of  Canada  and  the 
United  States,  and  ap- 
parently allied  types  have 
been  discovered  by  Bor- 
nemann  in  strata  of  the 
same  age  in  Sardinia, 
and  have  been  described 
by  him  under  the  name 
of  Protopharetra. 

The  ArchcBocyathince 
are  among  the  most 
ancient  of  all  known 
fossils,  and  are  therefore 
of  peculiar  zoological  interest.  It  is  not,  however,  possible  at 
present  to  come  to  any  absolutely  certain  conclusion  as  to  their 
systematic  position.  As  their  skeleton  seems  to  have  been  un- 
doubtedly originally  calcareous,  and  as  there  is  no  certain  evi- 
dence (now  that  the  form  described  by  Billings  as  Archaocyathus 
Mmganensis  is  known  to  be  a  Sponge)  that  their  structure  was 
spicular,  it  would  not  be  possible  to  refer  the  group  to  the  Fori- 
fera.  ^  On  the  other  hand,  as  pointed  out  by  Hinde,  the  Archcso- 
cyathmm  show  certain  unquestionable  points  of  relationship  to 
the  Madreporarian  Corals.  This  is  particularly  seen  in  the  reticu- 
lated structure  and  usually  more  or  less  radiate  arrangement  of 
the  skeletal  framework,  the  skeleton  being  in  many  respects  com- 
parable with  that  of  such  a  Perforate  Coral  as  Calostylis.    At  the 


Fig.  72  bis. — A,  A  specimen  of  Ethviofihyllum  Renssc- 
liericutn.  Ford,  of  the  natural  size;  B,  Transverse  section 
of  the  same,  showing  the  outer  and  inner  walls  and  the 
radiatmg  septa  {s) ;  c  and  d,  Transverse  and  longitudinal 
sections  of  Spirocyathjis  atlanticits.  Bill.  sp.  p,  Pores  in 
the  outer  wall ;  /',  Pores  in  the  inner  wall ;  c  The  in- 
ternal cup  or  chamber.  From  the  Cambrian  rocks  of 
North  America.    (After  Walcott.) 
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same  time,  the  skeleton  departs  widely  in  certain  of  its  features 
(such  as  the  presence  of  a  distinct  perforated  internal  wall)  from  the 
Madreporarian  type.  Upon  the  whole,  therefore,  in  the  present 
state  of  our  knowledge,  it  seems  best  to  regard  the  ArchaocyathincR 
as  a  group  of  uncertain  affinities,  probably  more  closely  allied  to  the 
Madreporaria  than  to  any  other  division  of  the  animal  kingdom. 


II.  Pasceolus,  Cyclocrinus,  and  Nidulites. 

We  may  briefly  consider  here  a  series  of  fossils  the  true  affinities 
of  which  are  at  present  absolutely  uncertain,  and  which  have  no  par- 
ticular claim  to  be  taken  up  in  this  connection  beyond  the  fact  that 
they  have  a  superficial  resemblance  to  Receptaciilites  and  Ischadites, 
and  have  therefore  been  commonly  placed  alongside  of  these 
genera.  It  has,  however,  been  demonstrated  by  Hinde  that  the  lat- 
ter are  Hexactinellid  Sponges,  while  it  seems  certain  that  the  fossils 
here  referred  to — viz.,  Pasceolus  and  Cyclocrinus — are,  at  any  rate, 
not  referable  to  the  Porifera,  though  their  true  position  is  quite 
problematical. 

The  genus  Pasceolus  (fig.  73,  «  and  b)  was  created  by  Mr  Bil- 
lings for  the  reception  of  some  curious  Ordovician  and  Silurian 
fossils  of  an  ovate  or  globular  form,  varying  in  size  from  the  dimen- 
sions of  a  hazel-nut  to  those  of  an  apple.    The  outer  layer  of 
the  fossil  consists  of  "  small  convex  elevations,  composed  of  a  very 
thin  minutely  wrinkled  layer,  which  is   sometimes  translucent" 
(Hinde).    These  surface  elevations  have  the  general  aspect  of  being 
hexagonal  or  pentagonal  plates,  but  there  is  not  sufficient  evidence 
that  actual  plates  are  present,  and  they  may  be,  and  probably  are, 
only  definitely  limited  areas  of  a  common  calcareous  membrane. 
The  inner,  concave  sides  of  these  polygonal  areas  are  directed  in- 
wards, towards  the  central  cavity  of  the  fossil  (the  cup-like  plates  of 
Cyclocrinus  being  turned  ouhmrds);  and  in  well-preserved  specunens 
they  exhibit  a  minutely  porous  aspect.    There  is  some  evidence 
that  the  organism  was  provided  with  a  peduncle  of  attachment,  and 
in  some  species  a  lateral  aperture  has  been  described  as  present. 
By  Mr  Billings,  it  was  at  first  supposed  that  Pasceolus  might  belong 
to  the  Twiicata,  but  this  view  was  subsequently  abandoned  by  hnn. 
By  later  pateontologists  the  genus  has  been  doubtfully  compared 
with  Receptaculites  or  with  the  Cystideans,  but  its  zoological  affinities 
must  in  the  meanwhile  be  regarded  as  entirely  uncertain 

The  genus  Cyclocrinus  was  originally  founded  by  Eichwald  to  in- 
clude certain  ovate  or  spherical  fossils  from  the  Ordovician  rocks  of 
Esthonia,  which  appear  to  have  been  free,  and  which  have  a  Am 
plated,  external  layer  enclosing  a  large  central  cavity  (fig.  73.  c-/^- 
The  outer  integument  is  calcareous,  and  presents  externally  the 
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aspect  of  being  divided  into  a  series  of  hexagonal  or  pentagonal 
areas  of  very  regular  form  and  size  (fig.  73,  ^^)-  Each  of  these  areas 
has  the  form  of  a  shallow  cup-shaped  depression,  the  lower  or  convex 
end  of  which  is  directed  towards  the  interior  of  the  fossil,  and, 
according  to  Hinde,  is  perforated  centrally  by  a  small  rounded  aper- 
ture which  leads  into  the  central  cavity  of  the  organism.  According, 
however,  to  Ferdinand  Roemer,  whose  figures  are  here  reproduced 
(fig-  73,  ^'ind  g),  each  of  these  cup-like  plates  terminates  internally 


F'g'  73'~")  Pasccoiiis  Halli,  of  the  natural  size  (after  Billings) ;  h,  Pasceolus  glolwsiis,  of  the 
natural  size  (after  Billings);  c,  Pasceolus  (?)  tnelliflun,  of  the  natural  size  (after  Salter) ;  Four 
of  the  integumentarj'  plates  of  the  same,  enlarged ;  c,  Cyclocrinus  Sfaskii,  of  the  natural  size 
(after  Ferd.  Roemer)  ;  f,  Part  of  a  vertical  section  of  the  same  ;  g,  Part  of  the  last,  showing  the 
structure  of  the  integument,  enlarged ;  /i.  Part  of  the  mould  of  the  inner  surface,  enlarged  ; 

Diagram  of  a  vertical  section  of  Cyclocrinus  (Nidulitcs)favus,  showing  the  form  of  the  body 
and  integumentary  plates,  and  tlie  supposed  peduncle  (original).  AH  the  specimens  are  from  the 
Silurian,  except  b,  which  is  from  the  Ordovician. 


in  a  small  pillar,  and  the  genus  is  hence  compared  by  this  distin- 
guished palEeontologist  with  Receptaculites.  Ur  Hinde,  on  the  other 
hand,  does  not  recognise  in  Cyclocrinus  any  features  of  resemblance 
to  Receptaculites,  and  considers  that  the  genus  is  identical  with 
Nidulites. 

The  present  writer  has  not  had  the  opportunity  of  studying  the 
genus  Cyclocritius,  and  is  therefore  unable  to  express  a  positive 
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opinion  as  to  its  identity  with  Nididites.  It  is  clear,  however,  that 
the  two  are,  at  any  rate,  very  closely  related,  if  not  absolutely  iden- 
tical. The  name  Nidulites  was  proposed  by  Salter  for  certain  sin- 
gular Silurian  fossils  (subsequently  described  by  Eichwald  under 
the  name  of  Mastopord),  which  have  the  form  of  ovate,  glob- 
ular, or  pyriform,  hollow  bodies,  with  a  thin  calcareous  external 
wall,  and  probably  attached  to  foreign  bodies  by  a  peduncle  (fig. 
73,  i).    The  wall  of  Nidulites  encloses  a  large  central  space,  and  is 

formed  of  short,  wide,  hex- 
agonal calcareous  tubes  or 
cells,  which  are  united  to- 
gether at  their  basal  ends  and 
also  by  their  walls  (fig.  74,  a 
and  b).  The  outer  ends  of 
these  shallow  tubes  or  cells 
are  open,  while  the  inner 
ends  are  closed  by  curved 
basal  plates,  the  convexities 
of  which  are  turned  towards 
the  central  cavity  of  the  or- 
ganism. Moreover,  the  closed 
end  of  each  cell  is  perforated 
by  a  small  round  central  aper- 
ture (fig.  74,  c),  so  that  each 
cell  communicates  freely  with 
the  great  internal  cavity. 

With  regard  to  the  affini- 
ties and  systematic  position  of 
Nidulites  and  Cyclocrimis,  it 
is  not  possible  at  present  to  give  any  decided  opinion.  There  is  no 
positive  character  exhibited  by  these  singular  fossils  which  would 
enable  us  to  refer  them  definitely  to  any  known  division  of  the 
animal  kingdom.  The  resemblances  which  they  present  to  the 
Receptaculitida  or  to  the  Cystideans  are  quite  superficial,  and  it  is  not 
even  clear  that  they  are  genuinely  related  to  the  equally  enigmatical 
genus  Pasceolus.  It  may  be  pointed  out,  however,  that  there  are  some 
curious  points  of  resemblance  between  Nidulites  and  Cyclocrimis  on 
the  one  hand  and  certain  of  the  Calcareous  Algae  {Siphojiece  verticil- 
latce)  on  the  other  hand ;  and  it  does  not  seem  impossible  that  these 
points  of  resemblance  indicate  a  genuine  relationship.  If  this  con- 
jecture should  prove  to  be  well  founded,  these  singular  fossils  may 
ultimately  find  a  resting-place  in  the  vegetable  kingdom. 


Fig.  74. — Structure  of  Nidulites  (^=Mnstopora]. 
A,  Tangential  section  of  the  wall  of  Nidulites,  show- 
ing the  cup-like  plates  of  the  integument  transversely 
divided,  so  as  to  give  rise  to  a  series  of  hexagonal 
cells,  enlarged  six  times ;  B,  Vertical  section  of  the 
wall  of  the  same,  showing  the  short  hexagonal  cups 
or  cells  of  the  outer  membrane  longitudinally  divided, 
similarly  enlarged  ;  c,  A  few  of  the  cup-like  plates 
of  the  wall,  viewed  internally  and  showing  the  cen- 
tral perforations  in  their  bases,  enlarged.  From  the 
Silurian  rocks  of  the  Island  of  Oesel.  (Original.) 
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CHAPTER  XIII. 
SUB-KINGDOM  III.—CCELENTERATA. 

GENERAL  CHARACTERS  AND  DIVISIONS  OF  CCELENTERATES  

HVDROZOA  DIVISIONS  OF  HYDROZOA. 

The  sub-kingdom  Calenterata  (Frey  and  Leuckart)  may  be  con- 
sidered as  a  modern  representative  of  the  Radiata  of  Cuvier. 
From  the  Radiata,  however,  the  Echi7wdermata  and  Rotifera  have 
been  removed,  the  entire  sub-kingdom  of  the  Protozoa  has  been 
taken  away,  and  the  Polyzoa  have  been  relegated  to  a  place  near 
the  Mollusca,  Deducting  these  groups  from  the  old  Radiata,  the 
residue,  comprising  most  of  the  animals  commonly  known  as  Polypes 
or  Zoophytes,  remains  to  constitute  the  modern  Cxleiiterata. 

The  Calenterata  may  be  defined  as  radially  symmetrical  animals, 
in  which  the  mouth  opens  into  a  sijnple  or  variously  divided  space 
{^^  coilenteric  cavity"),  which  acts  as  an  alimentary  cavity,  and  tvhich 
may  or  may  not  be  divided  ifito  tivo  portiojis,  of  which  ofie  forms  a 
rudimentary  digestive  tube.  The  body-zvall  consists  of  two  funda- 
mental layers  ("  ectoderm  "  and  "  endoderm  "),  between  ivhich  an  inter- 
mediate layer  ("  mesoderm  ")  is  usually  developed.  Peculiar  urticating 
organs,  or  "  thread-cells,"  are  present.  The  nervous  system  is  some- 
times specialised,  sometimes  diffused ;  but  no  vascular  organs  are  de- 
veloped. Reproductive  organs  are  invariably  prese7tt  at  some  period 
or  afiother  of  life,  though  asexual  reproduction  is  also  veiy  general. 

The  sub-kingdom  Ccelenterata  is  divided  into  the  two  great 
primary  divisions  or  classes  of  the  Hydrozoa  and  Actifiozoa,  and 
the  following  table  indicates  the  main  subdivisions  of  these  : — 

TABLE  OF  THE  DIVISIONS  OF  THE  CCELENTERATA. 
Class  I. — Hydrozoa. 

Sub-class  I.  Hydroida  (Hydroid  Zoophytes). 

a.  Hydrida. — Ex.  Hydra. 

b.  Coryjiida. — Ex.  Tubularia,  Hydractinia. 


HYDROZOA. 


c.  Thecaphora. — Ex.  Sertulaiia,  Campanularia. 

d.  TrachymeduscE. — Ex.  Trachynema. 
Sub-class  2.  SiPHONOPHORA  (Oceanic  Hydrozoa). 

a.  Calycophorida:. — Ex.  Diphyes. 

b.  PhysophoridcE. — Ex.  Physalia. 
Sub-class  3.  LUCERNARIDA  (Sea-blubbers). 

a.  Calycosoa. — Ex.  Lucernaria. 

b.  Acraspeda  {Discophora). — Ex.  Aurelia,  Rhizostoma. 
Sub-class  4.  Graptolitoidea  (Graptolites). 

Sub-class  5.  Hydrocorallin^  (Hydrocorallines). 

a.  Milleporidce. — Ex.  Millepora. 

b.  StylasteridcE. — Ex.  Stylaster. 

Sub-class  6.  Stromatoporoidea  (Stromatoporoids). 


Order  i.  Zoantharia. — Ex.  Sea-Anemones  {Actitiidce)  Corals 
i^Madreporarid). 

Order  2.  Alcyonaria. — Ex.  Sea-pens  {PennatttlidcB),  Red  Coi-al 

{Coralliuin),  Organ-pipe  Coral  {Tttbipora). 
Order  3.  Ctenophora.— Venus's  Girdle  {CesUim). 

As  regards  their  general  distributioti  in  time,  the  earliest  known 
remains  of  Coelenterates  appear  in  the  Upper  Cambrian  rocks,  where 
the  sub-kingdom  is  represented  by  ancient  types  of  the  Hydrozoa. 


In  the  Ordovician  rocks  we  find  the  two  great  classes  of  the  Hy- 
drozoa and  the  Actinozoa  thoroughly  differentiated,  and  existing 
under  many  and  varied  types,  a  fact  which  would  lead  us  to  as- 
sign a  very  high  antiquity  to  the  early  progenitors  of  this  series 


Class  II. — Actinozoa. 


iea-anemoiie.  n,  Mouth  ;  s,  Gullet ;  b,  Body- 
?  the  free  edges  of  the  mesentery  («/);  t,  Ten- 
le  mesentery.    The  ectoderm  {e)  is  indicated 


thin  line,  and  the  space  between  that  and 
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of  animals.  From  the  beginning  of  the  Ordovician  rocks  onwards, 
the  Coelenterates  are  very  abundant  and  important  as  fossils,  the  large 
groups  of  the  Graptolitoidea  and  Stromatoporoidea  being  wholly 
extinct,  and  having  no  close  relatives  now  in  existence.  Owing 
to  the  fact,  however,  that  other  large  groups  (such  as  the  Lucer- 
narians,  the  Oceanic  Hydrozoa,  and  the  Ctenophora)  are  almost  or 
altogether  without  hard  parts,  and  therefore  only  capable  of  pre- 
servation in  the  fossil  condition  under  very  exceptional  circum- 
stances, the  geological  history  of  the  sub-kingdom  is  very  imperfect. 

Class  I. — Hydrozoa. 

The  class  of  the  Hydrozoa  comprises  those  Coelenterates  in  tvhich 
the  walls  of  the  body  enclose  a  simple  undivided  cavity  (the  "  coilenteric 
cavity  "),  which  acts  both  as  a  body-cavity  and  a  digestive  cavity.  An 
oesophageal  tube  is  Jiot  developed  ;  but  the  upper  end  of  the  alimentary 


Fig.  76.— A,  Diagram  of  Bydra,  vertically  bisected,  and  greatly  magnified  ;  n,  Diagram  to 
show  the  structure  of  a  compound  Hydrozoon  (Scrtularia).  cc,  Ectoderm ;  cn,  Endoderm  ;  w, 
Mouth,  opening  into  the  ccelenteric  space  or  body-cavity ;  t,  Tentacle  ;  Nutritive  polj-pite  ;  go, 
Reproductive  bud  or  "gonophore,"  consisting  of  a  capsule  enclosing  a  central  axis  to  which  re- 
productive polypites  are  attached  ;  cs,  Ccenosarc ;  rh,  Hydrorhiza  ;       Periderm ;  /<,  Hydrotheca. 

tract  may  be  prolonged  into  radiating  canals  U7iited  by  a  peripheral 
ring.  The  reproductive  organs  are  exterfial  buds,  and  are  often  devel- 
oped in  specially  modified  zodids  (fig.  76). 


HYDROZOA. 


The  simplest  type  of  the  Hydrozoa  is  the  genus  Hydra,  compris- 
ing the  Fresh-water  Polypes,  in  which  the  organism  consists  of  a 
single  tubular  or  cylindrical  "  polypite  "  (fig.  76),  furnished  at  its 
base  or  "  proximal  "  extremity  with  a  disc-like  sucker  or  "  hydro- 


I 

• 


the  natural  size  L  ^lrt  J?t  J^^  Bougamvdlca.  muses,  one  of  the  composite  Hydrozoa,  of 
developed  m^dusifoVm  b  irf  i'  A  ^"^"""^"^^  A  A  polyp.te  fully  expanded  ;  vi,  An  incompletely 
its  invesfinT  periderm  and  cen^r,7  r'.'nT'''"  1'^/'"^"'°^?''  "J^^usiform  bud  ;>,  Coenosarc  with 
Gonocalyxf/  ManTbrium  .  nL^^^^^^^^^^  '-'A.  free  medusiform  gonophore  of  the  same  ;  «, 
Velum; ''^  Tentacle    (SAl'lm^^^^  '^'^""'"^  gastro-vascular  canals;       Ocellus;  v, 

rhiza,"  by  which  it  can  attach  itself  to  foreign  bodies.  At  the 
opposite  or  "distal"  end  of  the  body  is  the  opening  of  the  mouth 
in?i  J  \-T''  by  a  variable  number  of  hollow,  extensile 

and  tactile  processes  or  "  tentacles."    The  body-wall  is  composed  of 
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an  outer  and  inner  membrane,  known  respectively  as  the  "  ectoderm  " 
and  "endoderm,"  and  no  hard  external  layer  is  produced.  The 
mouth  opens  into  a  cylindrical  body-cavity  or  "  ccelenteric  space," 
which  runs  the  whole  length  of  the  body,  and  is  completely  undi- 
vided, no  gullet  being  developed.  There  are,  therefore,  no  radiating 
membranous  partitions  corresponding  with  the  "  mesenteries  "  of  the 
AcHnozoa.  The  animal  can  produce  buds,  which  become  devel- 
oped into  new  "  polypites,"  but  these  do  not  remain  attached  to  the 
parent  polypite,  and  the  organism  does  not,  therefore,  become  com- 
posite. Moreover,  at  certain  seasons,  the  animal  develops  true 
reproductive  organs,  which  have  the  form  of  external  buds.  These 
discharge  the  reproductive  elements  by  rupture  of  their  walls,  but  are 
not  themselves  separated  from  the  organism. 

The  ovum  in  all  the  Hydrozoa  gives  rise  to  a  "  polypite  "  similar  in 
structure  to  the  entire  organism  in  Hydra;  but  the  primordial  poly- 
pite is  often  endowed  with  the  power  of  throwing  out  buds  which 
remain,  some  or  all  of  them,  permanently  united  with  the  original 
"  zooid."  In  this  way  is  produced  a  composite  organism  (fig.  76,  b, 
and  fig.  77),  consisting  of  a  greater  or  smaller  number  of  zooids  or 
"  polypites,"  united  by  a  common  fleshy  stem  or  "  coenosarc."  Very 
generally,  the  zooids  become  differentiated  into  two  sets,  which  differ 
in  structure  and  in  the  part  they  play  in  the  Hfe  of  the  colony.  In 
the  one  series  the  zooids  constitute  the  ordinary  nutritive  "  polypites  " 
of  the  colony  (fig.  7  7,  p\  and  are  concerned  with  supplying  food  to 
the  organism.  In  the  other  series  the  zooids — now  spoken  of  by  the 
general  name  of  the  "  gonophores  " — have  a  reproductive  function, 
and  are  concerned  with  the  production  of  the  generative  elements. 
These  generative  zooids  or  "  gonophores  "  may  remain  permanently 
attached  to  the  parent  colony  (fig.  76,  b),  or  they  may  become  much 
modified  and  may  become  detached  to  lead  a  free  existence  (fig.  77). 
In  this  latter  case,  the  detached  generative  zooids  usually  present 
themselves  in  the  form  of  "  Jelly-fishes "  or  "  Medusoids." 

The  colonies  of  the  composite  Hydrozoa  are  sometimes  free,  the 
proximal  end  of  the  coenosarc  not  being  adapted  for  fixation  (as  in 
the  Siphonophora  and  the  Graptolitoidea  proper).  In  other  cases 
the  colony  is  attached  to  some  foreign  body  by  a  modified  proximal 
extremity  or  "hydrorhiza"  (fig.  76,  rh). 

In  a  number  of  the  composite  Hydrozoa  no  hard  structures  in  the 
shape  of  an  external  skeleton  are  developed.  In  many  cases,  how- 
ever, the  ectoderm  secretes  a  firm  horny  outer  layer  or  "  periderm  " 
(fig-  76,  A))  which  may  cover  the  coenosarc  only  (as  in  Bougahi- 
villea,  fig.  77),  or  may  be  extended  into  little  cups  or  "  hydrothecae " 
within  which  the  individual  polypites  are  contained.  When  "  hydro- 
thecce  "  are  present,  the  body  of  the  polypite  is  contained  within 
the  cup,  and  the  distal  extremity,  with  the  mouth  and  tentacles, 


HYDROIDA.  195 

can  be  protruded  from  the  terminal  opening  or  "  aperture  "  of  the 
hydrotheca  (fig.  76  b,  h).  In  some  cases,  not  only  are  the  nutritive 
polypites  protected  within  "  hydrothecee,"  but  the  generative  buds  or 
gonophores  are  also  provided  with  a  horny  or  chitinous  covering, 
constituting  what  are  known  as  "gonangia."  Lastly,  in  the  group  of 
the  Hydrocorallines,  and  in  a  few  other  cases,  the  colony  has  the 
power  of  secreting  carbonate  of  lime,  and  thus  of  giving  rise  to  a 
calcareous  skeleton,  which  in  many  cases  is  superficially  similar  to 
the  "  corallum  "  of  certain  of  the  Adinozoa. 

With  regard  to  the  distribution  of  the  Hydrozoa  in  space,  the  great 
majority  of  the  organisms  included  under  this  head  are  marine,  but 
in  a  few  cases  {e.g.,  Hydra)  the  organism  is  found  in  fresh  water. 
As  to  the  general  distribution  of  the  class  in  time,  the  Fresh-water 
Pol}'pes  {Hydrida),  the  Oceanic  Hydrozoa  {Calycophorida  and  Fhy- 
sophoridce),  and  the  Calycozoa  {Lucernaria,  &c.)  have  left  no  traces 
of  their  past  existence,  as  might  have  been  anticipated  from  their 
want  of  hard  parts.      The  Trachymedusce  and  Acraspeda  (Jelly- 
fishes  and  Sea-blubbers)  are  equally  destitute  of  hard  structures,  and 
their  absence  from  the  pateontological  record  might  have  been 
confidently  predicted.    Under  favourable  circumstances,  however, 
these  soft-bodied  organisms  are  capable  of  leaving  impressions  in 
soft  mud  or  sand,  by  which  their  past  existence  may  be  determined ; 
and  such  impressions  have  been  recognised  in  deposits  even  as 
ancient  as  the  Cambrian.    The  great  group  of  the  Graptolitoidea 
IS  not  only  entirely  extinct,  but  is  wholly  restricted  to  the  older 
Paleozoic  rocks.    The  equally  great  group  of  the  Stromatoporoidea 
IS  also  extmct,  and  is  principally  confined  to  the  earlier  Paleozoic 
deposits,  though  fossils  which  are  probably  referable  here  are  also 
found  m  the  Mesozoic  rocks.    The  Corynida  and  Thecaphora,  both 
largely  represented  in  recent  seas,  have  left  but  few  and  imperfectly 
connected  traces  of  their  existence  in  past  time ;  and  some  of  the 
forms  usually  referred  to  these  orders,  and  especially  the  more 
ancient  ones,  are  of  more  or  less  dubious  affinities.   The  recent  genus 
tiydractmia,  among  the  Corynida,  occurs,  however,  in  rocks  as  old 
as  the  Cretaceous.   Lastly,  the  existing  group  of  the  Hydrocorallines 
is  represented  by  fossil  forms,  which  begin  as  early  as  the  Trias 

In  the  followmg  more  detailed  summary  of  the  main  divisions  of 
the  Hydrozoa  and  of  their  principal  fossil  forms,  those  groups  which 
as  above  mentioned,  are  not  known  to  be  represented  in  past  time 
are  left  out  of  account. 


Sub-class  Hydroida. 


nn^h^  '"'Yt^'l  °^  "Hydroid  Zoophytes"  comprises  a  large 
number  of  Hydrozoa  in  which  the  organism  is  attached,  or  is  cap- 
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able  of  attachment,  to  foreign  bodies  by  means  of  a  modified  prox- 
imal extremity  or  "  hydrorhiza."  A  few  of  the  types  included  in 
this  sub-class  are  simple  {e.g.,  Hydra),  but  the  organism  consists 


Fie.  78.— Recent  Corynida.  A,  Porlion  of  the  colony  o{ Fcrigominus  «hh«/7«,  with  polypites 
and  reproductive  buds,  enlarged  about  25  diameters  ;  B,  A  single  poly pite  of  ^miv-m  vesUta 
greatly  enlarged,  showing  the  extension  of  the  polypary  upon  the  bases  of  the  tentacles.  (Alter 
Allman.) 

typically  of  numerous  simple  polypites  united  by  a  branched 
"  ccenosarc,"  and  forming  a  plant-like  or  encrusting  colony.  Very 
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usually,  the  colony  develops  hard  structures  ("polypary"  or 
"  coenosteum  "),  which  may  have  the  form  of  an  external  chitinous 
layer,  or,  in  some  instances,  is  composed  of  carbonate  of  lime.  Re- 
production takes  place  by  fixed  generative  buds,  or  by  the  develop- 
ment of  free  reproductive  zooids  ("gonophores  "). 

Of  the  orders  of  the  Hydroid  Zoophytes,  the  only  three  which 
have  fossil  representatives  are  the  Coryiiida,  the  Thecaphora,  and 
the  Trachymedusa. 

Order  i.  Corynida. — The  "Tubularian  Zoophytes"  or  Corynida 
are  mostly  composite,  forming  more  or  less  plant-like,  or  encrusting 
colonies,  fixed  to  foreign  objects  proximally,  and  usually  furnished 
with  a  skeleton  or  "  polypary."  The  skeleton  is  mostly  in  the  form 
of  a  chitinous  investment,  which  encloses  the  ccenosarc  (fig.  78,  a), 
but  which  is  not  developed  into  definite  cups  or  "  hydrothecse  "  for 
the  reception  of  the  individual  polypites.  In  some  cases,  however, 
the  skeleton  consists  of  zooidal  tubes,  in  which  the  polypites  were 
lodged,  united  by  a  general  clathrate  or  tubulated  coenosarcal  skele- 
ton, as  in  the  genus  Hydradinia  and  its  fossil  allies.  In  the  living 
genus  Bwieria,  also,  the  polypary  forms  an  investment  for  the  poly- 
pites, and  is  even  prolonged  upwards  as  far  as  the  bases  of  the 
tentacles  fig.  78,  b).  Though  the  skeleton  of  the  Coryfitda  is  usu- 
ally chitinous  in  composition,  it  is  occasionally  calcareous  (as  in 
some  species  of  Hydradinia  and  in  the  genus  Parkerid). 

There  are  many  recent  types  of  the  Corynida,  such  as  the  com- 
mon Pipe-corallines  {Tubiilarid),  which,  from  the  nature  of  their 
skeleton,  might  quite  well  have  been  preserved  in  the  fossil  condi- 
tion. The  only  recent  genus,  however,  of  which  any  fossil  repre- 
sentatives are  known  is  Hydradinia,  the  colonies  of  which  are  well 
known  as  forming  crust-like  investments  upon  shells.  The  species 
of  Hydradinia  form  chitinous — or  rarely  calcareous — crusts  upon 
the  exterior  of  the  shells  of  Gastropods  (fig.  79,  a),  the  shell  thus 
affected  being  often  ultimately  more  or  less  largely  dissolved  away, 
and  replaced  by  the  substance  of  the  parasite.  The  skeleton  of 
Hydradinia,  when  fully  grown,  consists  of  numerous  close-set  ver- 
tical columns  ("radial  pillars,"  fig.  79,  d  which  are  united  at 
irregular  intervals  by  horizontal  "laminte,"  the  number  of  these, 
and  the  consequent  thickness  of  the  crust,  varying  in  different  indi- 
viduals or  in  different  species.  The  successive  "  laminte  "  are  separ- 
ated by  narrow  intervals  or  " interlaminar  spaces"  (fig.  79,  /),  which 
are  broken  into  irregular  chambers  by  the  ascending  "  radial  pillars." 
The  "  laminze "  themselves  are  not  continuous  membranes,  but  are 
formed  by  the  anastomosis  of  numerous  horizontal  connecting-pro- 
cesses or  "arms"  (fig.  79,  e  c),  which  spring  from  the  radial  pillars 
at  tolerably  regular  intervals.  The  "  laminse  "  are  thus  more  or  less 
cribriform,  the  apertures  in  their  substance  serving  as  tubes  for  the 
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zooids  of  the  colony,  while  the  interlaminar  spaces  are  filled  with 
the  soft  coenosarc.  The  surface  of  the  skeleton  is  covered  with 
projecting  wart -like  tubercles,  interspersed  with  larger  pointed 
spines  (fig.  79,  b  and  c),  these  being  really  the  upper  projecting 
ends  of  the  "radial  pillars."  The  surface  also  shows  (fig.  79  b)  the 
rounded  pores  which  lodged  the  zooids,  together  with  singular 
branched  grooves  or  open  canals,  which  apparently  serve  for  the 
lodgment  of  processes  of  the  coenosarc.    In  the  living  species  of 


Fig.  79. — A,  A  colony  of  Hydraciinia  pliocmna,  attached  to  the  shell  of  a  Gastropod,  of  the 
natural  size,  Pliocene.  B,  Portion  of  the  surface  of  the  same  enlarged,  showing  wart-like  promin- 
ences, branched  coenosarcal  canals,  and  minute  circular  zooidal  apertures,  c.  Vertical  section  of 
the  crust  of  the  recent  Hydraciinia  cchinata,  showing  surface-tubercles  and  spines  (s).  The  suc- 
cessive laminas  of  the  skeleton  (/,  I)  are  separated  by  "interlaminar  spaces "  (/)  which  are  broken 
up  into  irregular  chambers  by  "radial  pillars."  D,  Vertical  section  of  the  crust  of  Hydraciinia 
cchinata,  greatly  enlarged,  showing  its  composition  out  of  vertical  processes  ("radial  pillars") 
united  by  horizontal  bars  or  "arms"  (c).  E,  Horizontal  section  of  the  same,  showing  the  pillars 
(/)  and  their  connecting-processes  (c),  greatly  enlarged.  (After  ."Vllman,  Carter,  and  the  .\uthor.) 


Hydraciinia  the  organism  consists  of  the  general  crust-like  coenosarc, 
and  of  a  large  number  of  "polypites"  emitted  from  the  surface  of 
the  same.  Many  of  these  polypites  have  mouths  and  tentacles,  and 
are  devoted  to  the  nutrition  of  the  colony ;  others  are  non-tentacu- 
late,  and  carry  sac-like  generative  buds,  which  are  not  detached 
from  the  parent-colony ;  while  others  form  long  spirally  coiled  fila- 
ments, apparently  intended  for  defensive  purposes. 

The  recent  species  of  Hydradinia  are  all  marine,  and  the  skeleton 
is  in  general  composed  of  chitine ;  but  in  an  African  species,  de- 
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scribed  by  Mr  Carter,  the  skeleton  is  calcareous.  The  earliest 
known  fossil  forms  of  Hydradmia  appear  in  the  Cretaceous  rocks, 
and  a  number  of  Tertiary  forms  are  known.  In  the  Hydradinia 
drcuvwestiens  of  the  Pliocene  Tertiary  (which  is  probably  identical 
with  the  H.  pliocana  of  Dr  Allman),  the  skeleton  is  calcareous, 
and  forms  thick  crusts  upon  the  shells  of  Gastropods  (fig.  79,  a). 
The  genera  Thalaminia  (Jurassic  and  Cretaceous)  and  SphcBradinia 
(Jurassic)  have  been  founded  by  Steinmann  for  forms  apparently 
allied  to  Hydradinia,  and  it  is  not  impossible  that  the  Jurassic 
genus  Ellipsaditiia,  of  the  same  author,  should  likewise  be  placed 
here. 

In  many  respects  related  to  Hydradinia  is  the  singular  Mesozoic 
genus  Farkeria,  best  known  by  the  Parkeria  sphcBrica  of  the  Green- 
sand  of  Cambridge.  The  organism  in  Parkeria  spharica  (fig.  80) 
is  globular  in  form,  and  varies  in  diameter  from  a  quarter  of  an 
inch  or  less  up  to  more  than  two  inches,  the  surface  being  often 
nodulated  or  covered  with  small  rounded  or  elongated  elevations. 
The  skeleton  must  have  been  free  in 
its  adult  condition,  as  a  rule  at  any 
rate ;  but  in  many  cases  it  grew  round 
some  foreign  body,  such  as  a  frag- 
ment of  shell.  As  to  its  chemical 
composition,  there  is  no  sufficient 
reason  to  doubt  that  the  skeleton 
was  originally  composed  of  carbon- 
ate of  lime,  though  many  specimens 
are  now  found  to  be  more  or  less 
largely  phosphatised.  As  regards 
its  minute  structure,  the  skeleton  is 

found,  when  examined  micrOSCOpi-  sphierka,  from  the  Upper  Greensand  of 
Cally  by  means  of  thin  sections,   to    ^'^-tndge.ofthe  natural  size.  (Original.) 

be  composed  of  a  characteristic  minutely  tubulated  tissue,  the 
tubules  of  which  are  radial  in  arrangement.  This  tubulated  tissue 
is  built  up  into  a  set  of  radiating  columns  ("radial  pillars,"  fig. 
81,  /)  and  a  series  of  concentrically  disposed  lamellee,  the  latter 
being  separated  by  interspaces  (" interlaminar  spaces"),  which  are 
broken  up  into  irregular  "  chaniberlets "  (fig.  81,  c).  The  tubu- 
lated tissue  of  the  "  radial  pillars  "  is  traversed  by  a  variable  number 
of  comparatively  wide,  circular  or  oval  tubes,  which  open  upon  the 
surface,  or  into  the  chamberlets — each  successive  row  of  chamber- 
lets  having  at  one  time  formed  the  surface  of  the  skeleton — and 
which  may  be  regarded  as  having  lodged  the  nutritive  polypites  of 
the  colony.  Upon  the  whole,  Parkeria  may  be  regarded  as  repre- 
senting an  aberrant  type  of  the  Hydradiniidce,  but  the  genus  has 
also  relations  to  the  Hydrocorallines.    The  little  spheroidal  fossils 
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from  the  Chalk  which  have  been  placed  in  the  genus  Porosphcera 
have  often  been  regarded  as  related  to  Farkeria,  but  their  minute 
structure  would  rather  support  their  being  placed  among  the 
Sponges. 

In  connection  with  the  preceding,  a  few  words  may  be  said  with  regard 
to  the  singular  genera  Mitcheldeania  and  Solenopora,  which  are  of 
doubtful  affinities,  though  the  balance  of  evidence  is  in  favour  of  referring 
them  to  the  Hydrozoa.     The  genus  Mitcheldeania  comprises  small 


Fig.  8i. — Vertical  section  across  the  centre  of  a  specimen  oi  Parkeria,  enlarged  twice. 
/,  One  of  the  radial  pillars  ;  c,  One  of  the  chamberlets.  (Original.) 

spheroidal  fossils  rarely  reaching  half  an  inch  in  diameter,  which  some- 
times occur  in  such  vast  quantities  as  to  give  rise  to  actual  beds  of  the 
Carboniferous  Limestone  (fig.  82).  When  examined  microscopically,  the 
skeleton  of  Mitcheldeania  is  found  to  be  formed  of  radiating  capillary 
tubes,  which  are  disposed  in  concentric  strata,  and  have  a  diameter  of 
from  to  of  a  millimetre.  These  tubes  have  porous  walls,  and  are 
united  by  a  still  more  minutely  tubulated  tissue  ;  but  the  structure  of  the 
organism  is  too  complex  to  be  advantageously  discussed  here. 

The  genus  Solenopora  comprises  calcareous  organisms  of  vaiying 
size,  usually  ranging  from  the  dimensions  of  a  pea  up  to  those  of  an 
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orange,  and  of  irregular  shape  (fig.  83,  a).  Examined  microscopically,  the 
organism  in  ^olenopora  is  found  to  be  wholly  composed  of  radiating 


I' 

c  - 


Fig.  82. — A  fragment  of  limestone  rom  the  Lower  Carboniferous  Series  of  the  south  of  Scot- 
land, largely  composed  of  Mitcheldeania  gregaria,  of  the  natural  size.  (Original.) 


capillary  tubes,  arranged  in  concentric  strata.  The  tubes  (fig.  83,  d)  vary 
from  to  millimetre  in  size,  and  are  in  direct  contact  throughout,  no 
interstitial  tissue  of  any  kind  being  developed.    The  tubes  . are  irregular 


same,  enlarged  about 
(Original.) 


35 


uie  same  locality,  ol  the  natural  size  ;  c,  Tangential  section  of  the 
times  ;   u,  Vertical  section  of  the  same,  similarly  enlarged. 


!,nI?H?'  "['^"  undulated  walls,  which  are  not  pierced  by  any 

apertures  or  pores,  but  are  often  crossed  by  more  or  fewer  transverse 
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partitions  or  "  tabulae "  (fig.  83,  d).  Very  commonly  the  tubes  exhibit 
more  or  fewer  inwardly  directed  partitions,  which  extend  to  a  greater  or 
less^distance  into  the  cavity  of  the  tube,  and  are  the  result  of  the  cleavage 
or  "  fission  "  of  the  tubes.  The  species  of  Solenopora  are  entirely  con- 
fined to  the  Ordovician  rocks,  and  sometimes  occur  in  such  profusion  as 
to  give  rise  to  beds  of  limestone.  The  best  known  species  (viz.,  5. 
C07npacta)  has  been  recognised  in  the,  Ordovician  limestones  of  Russia, 
Britain,  the  United  States,  and  Canada. 

^oth.  MiicheldeaJiia  and  Solenopora  are  remarkable  for  the  extraordi- 
nary minuteness  of  their  component  tubes,  and  in  this  respect  they  differ 
from  all  known  Coelenterates.  Apart  from  this  feature,  they  present  in 
their  structure  a  general  resemblance  to  forms  like  Parkeria,  and  they 


Fig.  84. — Sertularida.  A,  Portion  of  the  colony  ot  Diphasia  {Scrtularia)  tamarisca,  of  the 
natural  size,  showing  hydrothecEE  and  female  ovarian  capsules  (gonangia).  _B  and  c,  Portions  of 
different  branches  of  the  same,  enlarged  :  h,  Hydrotheca; ;  a,  Male  gonangium;  g,  Female  gon- 
angium.    (After  Hincks.) 

may  therefore  be  provisionally  placed  among  the  Hydroid  Zoophytes. 
In  some  points,  however,  the  genus  Mitcheldeania  would  appear  to  be 
rather  related  to  the  Hydrocorallines. 

Among  the  other  forms  which  have  been  referred  to  the  Corynida  are 
the  genera  Corynoides  and  Palceocoryne.  The  former  of  these  may,  per- 
haps, be  best  regarded  as  an  abnormal  type  of  the  GraptoUtoidea,  and 
will  be  alluded  to  in  speaking  of  these  organisms.  The  genus  Palcpo- 
coryne  on  the  other  hand,  is  founded  upon  structures  which  belong  to  the 
fronds'  of  certain  of  the  Fenestellidce,  and  it  will  therefore  be  treated  of 
in  dealing  with  the  Polyzoa. 
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Order  2.  Thecaphora. — This  order  includes  the  Sea-firs  and 
their  allies  {Sertularida  and  Campanularida),  in  which  the  organism 
is  fixed,  and  consists  of  a  more  or  less  plant-like  colony  (fig.  84,  a), 
composed  of  numerous  polypites  united  by  a  common  stem  or 
"  coenosarc."  The  coenosarc  usually  consists  of  a  main  stem  or 
"  hydrocaulus,"  with  many  branches,  and  it  is  fixed  to  foreign  bodies 
by  an  adherent  base  or  "  hydrorhiza."  The  colony  produces  a 
strong  corneous  or  chitinous  outer  investment  (the  "  periderm  "  or 
"  polypary  "),  which  not  only  invests  the  coenosarc,  but  is  also  pro- 
longed into  cup-like  receptacles,  which  enclose  the  individual  poly- 
pites, and  are  known  as  the  "  hydro thecse."  The  reproductive 
zooids  ("  gonophores  ")  are  either  set  free  as  Jelly-fishes  (as  in  the 
Campanularians  generally),  or  are  developed  within  urn-like  recep- 
tacles ("  gonangia  "  or  "  gonothecEe  "),  which  are  of  larger  size  than 


Fig.  Zi.—DendrograpUts  Hallianns.  a,  Portion  of  the  frond,  natural  size ;  b.  Portion  of  a 
branch,  enlarged  ;  c,  The  footstalk  and  some  of  the  principal  branches,  natural  size.  Upper 
Cambrian  (Potsdam  Sandstone),    (.\fter  Hall.) 

the  ordinary  hydrothecs  (fig.  84,  b  and  c).  In  this  latter  case,  the 
reproductive  zooids  are  not  liberated  from  the  parent  colony  as 
independent  organisms.  In  the  typical  Sertularians,  the  hydrothec^ 
spring  directly  from  the  sides  of  the  coenosarc  and  are  not  supported 
on  stems,  and  they  may  be  biserial  (as  in  Sertularia  and  Diphasia, 
fig.  84,  a),  or  they  may,  as  in  Plumularia  and  its  allies,  be  de- 
veloped on  one  side  only  of  the  divisions  of  the  coenosarc.  On  the 
other  hand,  in  the  Campanularians  the  polypites  are  stalked  and  ter- 
minal, each  being  placed  at  the  end  of  a  division  of  the  coenosarc. 
The  existing  Thecaphora  are  not  only  very  abundant  and  very 
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widely  represented  in  recent  seas,  but  they  possess  a  chitinous  poly- 
pary  which  seems  to  be  quite  as  well  suited  for  preservation  in  fine- 
grained sediments  as  is  that  of  the  Graptolites.  It  is  therefore  a 
matter  difficult  of  explanation  that,  except  in  late  Quaternary  deposits, 
no  trace  of  an  absolutely  undoubted  Sertularian  or  Campanularian, 
similar  to  the  ordinary  existing  forms  of  the  order,  has  been  as  yet 
discovered.  On  the  other  hand,  the  ancient  Palseozic  deposits  have 
yielded  the  remains  of  various  extinct  organisms,  which  have  often 
been  referred  to  the  Graptolitoidea,  but  which,  with  greater  prob- 
ability, may  be  regarded  as  early  types  of  the  Thecaphora.  One  of 
the  most  interesting  of  these  is  the  Cambrian  and  Ordovician  genus 
Dendrograptus,  in  which  the  organism  had  the  form  of  a  spreading 


and  branched  frond,  furnished  with  a  strong  footstalk  (fig.  85),  by 
which  it  was  probably  attached  to  some  foreign  body.  The  branchlets 
carry  upon  one  side  a  series  of  little  chitinous  cups  or  "  hydrothec^  " 
("  cellules  "),  which  agree  with  the  similar  structures  of  the  Grapto- 
lites in  partially  overlapping  one  another. 

In  Dictyonema  (fig.  86)  we  have  organisms  resembling  Dendro- 
^raptus  in  many  respects,  but  not  possessing  any  footstalk.  The 
frond  is  branched  and  plant-like,  and  is  fan-shaped  or  funnel-shaped 
in  form.  It  is  not  certainly  known  whether  the  organism  was  attached 
by  its  base  or  not ;  but  there  is  the  strongest  probability  in  favour  of 
its  having  been  fixed.  The  branches  radiate  from  the  base,  running 
nearly  parallel  with  one  another,  and  often  bifurcating.  They  are 
united  to  one  another  at  short  intervals  by  numerous,  irregular, 
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slender  transverse  processes  or  dissepiments,  and  they  bear  small 
horny  cups  or  "  hydrothec^"  ("  cellules")  like  those  of  the  Grapto- 
lites.  Dictyonema  ranges  from  the  Upper  Cambrian  to  the  Middle 
Devonian.  The  genus  bears  a  close  superficial  resemblance  to  the 
Fenestella  or  Lace-corals  (belonging  to  the  Polyzoa) ;  but  the  latter 
have  a  calcareous  skeleton,  and  have  no  "  hydrothecse."  Besides  the 
above-mentioned  genera,  Callograptus  and  Ptilograptus  (fig.  87)  may 
with  great  probability  be  referred  to  the  Thecaphora  ;  as  may,  per- 
haps, be  the  obscure  fossils  Buthographis  and  Thamnograptus.  All 
these  genera  are  found  in  the  Ordovician  or  Silurian  rocks. 

Oldhamia. — The  singular  structures  described  under  the  genus 
Oldhamia  may  be  noticed  here,  as  they  have  been  referred  to  the 
Hydrozoa;  though  their  true  nature  is  altogether  uncertain.  Old- 
hamia occurs  in  certain  green  and  purple  grits  of  Lower  Cambrian 
age,  at  Bray  Head,  in  Wicklow,  Ireland,  where  the  supposed  fronds 
are  found  in  great  abundance,  matted  together,  and  spreading  over 
the  surfaces  of  the  strata.  A  form  of  Oldhamia  is  also  said  to  occur 
plentifully  in  the  Potsdam  Sandstone 
(Upper  Cambrian)  of  Wisconsin,  in 
North  America,  and  still  another  form 
has  been  described  by  Barrois  from 
the  Cambrian  rocks  of  the  Pyrenees. 
Oldhamia  atttiqua,  the  commonest 
form,  consists  of  a  central  thread-like 
axis  from  which  spring  bundles  or 
umbels  of  short  radiating  branches 
(fig.  88),  at  regular  intervals ;  whereas 
in  the  so-called  Oldhamia  radiata  the 
branches  radiate  from  a  central  point 
in  all  directions.  Oldhamia  has  been 
variously  referred  to  the  Sertularian 
Zoophytes,  to  the  Polyzoa,  and  to  the 
Alga.  It  has  not,  however,  been  as 
yet  satisfactorily  shown  that  Oldhamia     ^.  . 

.  /  ...  .  tig.  88. — Ultthamta  antiqita,  n&tara.l 

is  truly  organic,  and  it  is  quite  pOS-  size  (after  Salter).  Cambrian. 

sible  that  the  structure  so  called  is  the 

result  of  purely  inorganic  agencies.  If  really  organic,  it  would  seem 
more  than  probable  that  Oldhamia  is  referable  to  the  vegetable  king- 
dom, and  that  it  belongs  to  the  Algce.  This  is  the  view  held  by 
Barrois,  who  compares  Oldhamia  with  some  of  the  types  of  Alga 
which  are  placed  in  the  family  of  the  Dasycladea. 

Order  3.  Trachymedus.*:.  —  The  Trachymedusce  constitute  a 
peculiar  group  of  the  "  Jelly-fishes,"  which  agree  with  all  the  organ- 
isms grouped  under  this  popular  designation  in  the  possession  of  a 
gelatinous  swimming-bell,  from  the  under  side  of  which  is  suspended 
a  single  "  polypite."    From  the  margin  of  the  swimming-bell  depend 
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solid  tentacular  processes,  and  the  substance  of  the  bell  is  traversed 
by  simple  radiating  canals  which  communicate  above  with  the  gastric 
cavity  of  the  polypite.  The  reproductive  organs  are  developed  in 
the  course  of  the  radiating  canals  of  the  disc,  and  the  embryo  is 
developed  directly  into  the  adult  form,  without  the  intervention  of 
an  intermediate  fixed  and  sexless  stage. 

Though  wholly  devoid  of  hard  structures,  the  Trachymedusa,  as 
will  be  more  fully  pointed  out  in  dealing  with  the  Acraspeda,  are 
capable  of  leaving  traces  of  their  past  existence  in  the  form  of  im- 
pressions left  by  their  stranded  bodies  in  fine  mud.  Impressions 
of  this  nature  have  been  recognised  in  the  fine-grained  lithographic 
limestone  (Jurassic)  of  Solenhofen,  in  Bavaria,  and  have  been  referred 
to  the  genera  Falcegina  and  Trachyttemttes,  representing  respectively 
the  two  existing  groups  of  the  JEginida.  and  Trachynemidcz. 

Sub-class  Lucernarida. 

The  division  of  the  Lucertiarida  comprises  a  large  number  of 
recent  Hydrozoa  in  which  the  base  of  the  organism  is  developed 
into  a  disc-shaped  or  cup-like  structure  (the  "umbrella"),  in  the 
walls  of  which  the  reproductive  organs  are  developed,  and  which 
carries  on  its  concave  side  a  single,  more  or  less  modified  "  poly- 
pite." The  "  Jelly-fish  "  thus  constituted  may  develop  itself  directly, 
or  it  may  be  only  the  generative  form  of  a  minute  fixed  organism 
("  Hydra-tuba  "),  from  which  it  is  produced  by  fission. 

The  peculiar  group  of  Lucernarians  {Calycozoa)  of  which  Lucer- 
naria  itself  is  the  type,  is  wholly  unrepresented  by  fossil  forms,  and 
needs  no  further  consideration  here.  On  the  other  hand,  the  group 
of  the  Acraspeda — or,  as  it  is  often  called,  Discophora — has  left 
various  traces  of  its  past  existence,  and  is  in  many  ways  of  palseon- 
tological  interest.  The  group  of  the  Acraspeda  comprises  most  of 
the  larger  organisms  which  are  usually  spoken  of  as  "Jelly-fishes," 
though  the  structures  so  called  are  for  the  most  part  merely  the  gen- 
erative zooids  produced  by  a  minute  sexless  Lucernarian.  Such  a 
Jelly-fish  (as,  for  example,  the  recent  Aurelia)  consists  of  a  great 
gelatinous  swimming-bell  or  "  umbrella,"  from  the  under  side  of  which 
hangs  a  single  polypite,  the  structure  of  which  is  greatly  modified 
in  the  Rhizostomidce.  The  swimming-bell  is  traversed  by  a  complex 
system  of  canals,  connected  superiorly  with  the  gastric  cavity  of 
the  polypite  (fig.  89),  and  its  margin  usually  carries  more  or  fewer 
"  tentacles,"  which  are  often  of  great  length.  The  mouth  of  the 
polypite  is  extended  into  fringed  or  lobed  processes,  often  of  great 
length  (fig.  89,  /).  Lastly,  the  reproductive  organs  are  in  the  form 
of  four  folded  bands,  which  project  into  four  special  cavities  (the 
"  sub-genital  pouches  ")  in  the  floor  of  the  gastric  cavity. 
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The  Acraspedote  Jelly-fishes  are  wholly  marine,  and  are  often  of 
very  large  size.  They  usually  swim  near  the  surface,  but  they  have 
been  observed  to  crawl  about  on  the  sea-bottom  in  shallow  water, 
and  they  have  also  been  seen  to  lie  at  the  bottom  with  the  base  of 
the  umbrella  turned  downwards  and  the  tentacles  directed  upwards. 
Though  they  possess  no  hard  structures,  and  though  their  tissues  are 
saturated  with  water,  and  therefore  singularly  perishable,  they  are 
nevertheless  capable  of  producing  impressions  in  sand  or  mud  by 
which  their  past  existence,  and  even  their  form,  may  be  determined. 


Fig.  8g.— Under  side  oi  the  umbrella  ot  Aurelia  aurita,  one  of  the  Acraspedote  Medus£E 
reduced  m  size.    I,  One  of  the  four  oral  lobes,  in  the  centre  of  which  is  placed  the  mouth  • 
rentacles  attached  to  the  margin  of  the  umbrella;  c.  One  of  the  radiating  canals  of  the  umbrel'la ' 
i3ense-organ ;      Reproductive  organ,  projecting  into  a  -'sub-genital  pouch"  Uo).  (After 
>-laus  and  Sedgwick.)  /  \ 

The  markings  by  which  the  former  existence  of  Jelly-fishes  may  be 
recognised  are  of  different  kinds  in  different  cases.  In  one  group  of 
cases  the  body  of  the  Jelly-fish  has  fallen  after  death  upon  the  fine 
mud  of  the  sea-bottom,  or  has  been  thrown  up  on  the  shore,  and  an 
impression  representing  the  swimming-bell,  and  in  some  cases  the 
tentacles,  of  the  animal,  has  thus  been  formed  in  the  soft  sediment. 
Upon  impressions  of  this  nature  in  the  lithographic  slates  (Jurassic) 
of  Solenhofen,  Haeckel  has  founded  various  genera.  Some  of  these, 
^  previously  noted,  are  believed  to  belong  to  the  group  of  the 
Trachymedusce ;  but  others,  such  as  Rhizostomites  (fig.  90)  and 
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Hexarhizites,  are  considered  as  referable  to  the  Acraspeda,  and  to 
be  related  to  such  Uving  types  as  Rhizostoma. 

Of  a  somewhat  more  questionable  nature  are  the  singular  bodies 
from  the  Cambrian  rocks  of  Sweden,  to  which  Nathorst  has  given 
the  name  of  Medusites.  These  bodies  are  usually  in  the  form  of 
four-rayed  or  five-rayed  stars,  or  have  the  shape  of  four-sided  or  five- 
sided  pyramids  the  angles  of  which  are  more  or  less  prolonged  ;  and 
they  have  no  actual  organic  structure.  By  Nathorst,  however,  they 
are  regarded,  with  much  probability,  as  being  produced  by  the  in- 
filling of  the  cavities  of  dead  Jelly-fishes  with  mud  or  sand.  On 
this  view  the  central  pyramidal  body  of  Medusites  represents  the  cast 


^1 


Fig.  go.— The  impression  of  the  swimming-bell  oi  a  Jelly-fish  (RhizostomiUs  admirandiis) 
preserved  in  the  lithographic  slate  (Jurassic)  of  Eichstadt,  in  Bavaria,  one-seventh  of  the  natural 
size.    The  missing  parts  are  restored  in  outline.    (Copied  from  Zittel.) 

of  the  gastric  cavity  of  the  polypite,  while  the  four  or  five  arms  which 
radiate  from  this  represent  casts  of  the  radiating  angles  of  the  mouth. 
In  support  of  this  view,  Nathorst  points  to  the  known  habit  of  certain 
Jelly-fishes  of  lying  at  the  bottom  with  the  umbrella  turned  down 
and  the  mouth  directed  upwards,  in  the  position  figured  in  fig.  89, 
and  he  shows  how  this  would  naturally  facilitate  the  filling  of  the 
gastric  cavity  with  mud.  Moreover,  Nathorst  has  shown  that  bodies 
exceedingly  similar  in  form  and  marking  to  the  Cambrian  Medusites 
can  be  produced  by  taking  casts  of  the  internal  cavities  of  fresh 
specimens  of  Jelly-fishes  in  dilute  plaster  of  Paris. 

Lastly,-  Nathorst  has  brought  forward  evidence  to  show  that  Jelly- 
fishes  are  capable  of  producing  various  peculiar  markings  by  their 
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movements  when  creeping  about  on  the  muddy  bottom  of  the  sea  in 
shallow  water,  or  by  the  trailing  of  their  tentacles  over  soft  sediment. 
In  view  of  this  evidence,  he  has  suggested  that  the  peculiar  striated 
and  furrowed  markings  in  the  Cambrian  rocks  ("  Fucoidal  Sand- 
stone ")  of  Sweden  which  have  been  described  under  the  name  of 
Eophyton  (fig.  91),  are  to  be  regarded  as  really  produced  by  the 
trails  of  Jelly-fishes.  These  peculiar  markings  were  originally  de- 
scribed as  the  remains  of  land-plants,  but  it  seems  certain  that  this 


Fig.  91.— Fragment  ot  Eophyton  Liuneanum.    Lower  Cambrian. 


cannot  be  their  real  nature.  Nathorst  has,  in  fact,  produced  pre- 
cisely smiilar  markings  by  allowing  plants  to  trail  over  soft  mud  ; 
and  if  the  so-called  Medusites  of  the  Swedish  Cambrian  is  rightly 
regarded  as  founded  on  the  casts  of  the  gastric  cavity  of  Jelly- 
nshes,  we  have  in  these  a  proof  that  there  existed  at  the  time  ani- 
mals capable  of  producing  the  striated  trails  of  the  same  deposits 
to  which  the  name  of  Eophyto7i  1  was  originally  applied. 

namJn?  ^^f/  described  by  Hicks  from  the  Cambrian  rocks  of  Wales  under  the 
intr  rnnl^f-^Tr''"  '""P^'^W^l"'"  I'^s  been  shown  by  Hinde  to  be  really  the  anchor- 
ing-rope  of  a  Hexactinellid  Sponn-e 
VOL.  I. 
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CHAPTER  XIV. 

•    H  YD ROZOA—  Conthitied. 

Sub-class  Graptolitoidea. 

The  organisms  comprised  under  the  head  of  Graptolitoidea  (ihe 
Rhabdophora  of  AUman)  are  commonly  known  as  "  GraptoUtes," 
and  constitute  a  remarkable  assemblage  of  extinct  Hydrozoa,  all  the 
known  forms  of  which  are  confined  to  the  Upper  Cambrian,  Ordo- 
vician,  and  Silurian  deposits.    The  GraptoUtes  may  be  defined  (if 
the  abnormal  genus  Corynoides  be  excluded)  as  being  composite 
Hydrozoa  in  which  the  organism  consists  of  numerous  polypites 
united  by  a  coenosarc ;  the  latter  being  enclosed  in  a  tubular,  chitm- 
ous  polypary,  usually  forming  a  complete  external  membrane  of  con- 
siderable strength,  while  the  former  were  protected  within  "  hydro- 
thecce."    The  polypary  may  be  undivided  or  branched,  and  was 
invariably  free,  the  organism  apparently  floating  in  the  water  with 
the  proximal  end  of  the  colony  directed  upwards.    In  most  cases  the 
polypary  is  strengthened  by  a  peculiar  rod-like  axis  (the  "virgula  ), 
which  lies  in  a  groove  on  the  dorsal  side  of  the  polypary  {i.e.,  on  the 
side  opposite  to  that  on  which  the  hydrotheca^^are  developed),  and 
may  be  prolonged  beyond  one  or  both  ends  of  the  colony,  ihe 
polypary  is,  typically  if  not  universally,  furnished  at  its  proximal  end 
with  a  minute  triangular  or  dagger-shaped  body  (the  sicula 
which  represents  the  embryonic  skeleton. 

As  regards  its  development,  the  earliest  condition  in  which  a 
typical  Graptolite  presents  itself  is  that  of  a  small  triangular  corneous 
body,  which  has  been  termed  by  Professor  Lapworth  the  sicula 
me  Q2  a),  and  which  is  the  starting-point  of  the  entire  polypary. 
In  its  earlkst  stage  (fig.  9^,  a  a)  the  "sicula"  is  merely  a  triangular 
horny  sheath  lodging  the  ccenosarc,  but  a  rod-like  axis  or  "  virgula 
?fiTL  A  I)  is  soon  developed  along  its  entire  length,  often  pro- 
jecting freely  at  one  or  both  extremities.    In  the  next  stage  (fig.  92. 
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A  c)  a  bud,  constituting  the  first  hydrotheca,  appears  on  one  side, 
near  the  thicker  end  of  the  "  sicula."  If  the  form  under  observation 
belongs  to  the  group  of  GraptoHtes  in  which  the  polypary  possesses 
two  rows  of  hydrothecEe  (the  "  diprionidian  "  GraptoHtes),  a  second 
bud  next  appears  on  the  opposite  side  of  the  "  sicula  "  to  the  first 
one,  and  a  little  in  advance  of  it.  In  the  further  development  of  the 
polypary,  the  sicula  appears  to  remain  stationary,  usually  persisting 


Fig  92.— A   Early  stages  in  the  development  of  Graptolites  :  a,  The  earliest  stage  of  the 
sicula,  _  m  which  no  virgula  is  developed  ;  6,  Later  stage,  with  a  ^irgular^St  11  lafer  stage 
^rtal^^Al^J^d^^^^^^^  ^,  Stage  with  twoli^drothec^.  ^b,  BJiVVonZrapSs 

froxfmal  and  dkfa^^^^^  C/».,o-a,„  young  specimen,  of  the  natural  size,  showing  a 

proximal  and  distal  extension  of  the  virgula  ;  d,  Proximal  port  on  of  Didymos-rciMus  Miirchisofti  ■ 
li;Tna'°;"d°"  fsfcufr^^^v'^^r  ---f.-'-g^ed,-  P,  Proxim^aTSn  o'St:^;T;. 
&^pwo'rth^fnd  ^u1lb"erg:  a^ Jpfrtly  orfginaiy^'^"'"^"^  ^  (^-"^ 

at  the  base  of  the  organism  as  a  dagger-shaped  process,  the  broad 
end  of  which  IS  directed  proximally  (fig.  92,  b— f).  In  some  cases 
the  sicula  becomes  obsolete,  or  it  may  ultimately  develop  into  a 
branch,  or,  rarely,  mto  a  vesicle  (as  in  Diplograptus  physophord). 

lakmg  a  simple  Graptolite,  such  as  Motiograptus  priodon  (fig  07) 
as  the  type  of  the  sub-class,  the  polypary  will  be  seen  to  consist 
ot  three  prmcipal  morphological  elements— viz.,  the  ccenosarc,  the 
hydrothecae,  and  the  virgula.  The  last  mentioned  of  these— often 
poken  of  a.s  the  "axis  "-is  one  of  the  most  characteristic  of  the 
Iri.  "fi?  Graptolitic  polypary,  and  has  the  form  of  a  cylin- 

T  fl  u?"  P^'obably  hollow  internally,  which  gives  support 
to  the  flexible  chitinous  skeleton.  It  runs,  in  such  types  as  Mono- 
Sraptus,  along  the  dorsal  side  of  the  polypary,  opposite  to  the  hydro- 
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thecae  (fig.  93,  b),  whereas  in  the  double  Graptolites  it  occupies  a 
central  or  sub-central  position,  between  the  two  rows  of  hydrothecse 
which  form  the  biserial  colony.    In  any  case  it  lies  in  a  groove  in 

the  periderm,  and  is  really  outside  the  coeno- 
sarc.   Very  commonly,  the  virgula  projects 
beyond  one  or  both  ends  of  the  polypary  as 
a  longer  or  shorter  naked  rod  (fig.  92,  c,  and 
fig.  94,  a)  ;  the  proximal  extension  being 
B    often  spoken  of  as  the  "  radicle,"  though  this 
name  has  also  been  used  for  the  "  sicula." 
Running  parallel  with  the  virgula  is  the  cceno- 
sarc  —  often  spoken  of  as  the  "  common 
canal" — which  is  enclosed  in  the  tubular 
periderm,  and  presents  itself  in  compressed 
specimens  as  a  flat  space  of  variable  width 
between  the  virgula  and  the  bases  of  the 
C   hydrothecse  (fig.  94,  c).    Springing  from  the 
coenosarc,  lastly,  is  a  series  of  chitinous  cups 
or  "  hydrothecse,"  which  have  often  been 
spoken  of  as  the  "  cellules  "  or  "  denticles." 
Each  hydrotheca  rests  by  its  base  upon 
the   coenosarcal   canal,   is   separated  from 
its  neighbours  by  a  definite  partition,  and. 
opens  at  its  apex  by  an  "aperture,"  through 
which  the  contained  polypite  could  protrude 
its  tentaculate  head.    The  hydrothecse  vary 
extremely  in  form  and  in  the  precise  position 
of  the  aperture  in  different  types  of  Grapto- 
lites, or  in  diff'erent  species  of  the  same 
genus  (fig.  94);  and  the  lip  of  the  aperture 
may  be  variously  ornamented  with  spines. 
Lastly,  the  hydrothecas  are  typically  so  dis- 
posed that  they  more  or  less  extensively  overlap  one  another  (fig. 
94,  B  and  c). 

While  the  above  is  the  arrangement  of  parts  m  such  a  torm  as 
Mono^raptus  priodoit,  there  are  many  departures  from  this  typical 
condition  in  other  forms  of  the  Graptolites.  Thus,  the  general  pen- 
derm  instead  of  forming  a  dense  continuous  membrane,  may,  as 
in  Retiolites  (fig.  106),  be  reduced  to  a  mere  network  of  chitinous 
threads.  In  the  same  genus,  the  virgula  is  double,  the  two  halves 
being  placed  on  opposite  sides  of  the  ccenosarc,  and  being 
united  with  the  peridermal  network.  Again,  the  hydrothecse, 
instead  of  more  or  less  largely  overlapping  one  another,  may,  as  m 
Rastrites  (fig.  98),  spring  quite  separately  and  at  greater  or  smalle. 
i^teS  from  ?he  ccSnosarc.    Lastly,  it  has  not  been  certainly  estab- 


D 


Fig.  93.  —  Morphology  of 
Moiwsp-aptus  priodon.  A,  Mo- 
nograptus  priodon,  Bronn,  pre- 
served in  relief— lateral  vie%y 
slightly  enlarged — from  the  Si- 
lurian rocks ;  b,  Dorsal  view  of 
a  fragment  of  the  same  species 
—  considerably  enlarged  ;  c, 
Front  view  of  a  fragment  of  the 
same,  showing  the  mouths  of 
the  hydrothecK  —  much  en- 
larged ;  D,  Transverse  section 
of  the  same.  (Original.) 
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lished  that  the  "  virgula  "  is  invariably  developed  in  all  types  of  the 
Graptolites,  and  the  name  of  Rhabdophora,  proposed  for  the  group 
by  Professor  Allman,  is,  therefore,  not  wholly  appropriate. 

With  regard  to  the  reproductive  process  in  the  Graptolites  there  are 
strong  grounds  for  supposing  that  the  generative  elements  were 
developed  in  specially  modified  polypites,  or  "  gonophores,"  after 
a  manner  analogous  to  that  which  occurs  in  the  Hydroid  Zoophytes 
generally.  In  some  cases,  these  generative  buds  may  have  been 
destitute  of  a  hard  covering,  and  therefore  incapable  of  preservation  ; 


'"^^^^^^^  ;     A  fragment     Mcnograftus  pricdon;  c,  Hon- 

but  in  other  cases  there  is  evidence  of  the  existence  of  chitinous 
receptacles,  of  larger  size  than  the  hydrothecEe,  and  of  different  form, 
Which  may  be  compared  with  the  "gonangia"  or  "ovarian  capsules  " 
ot  the  recent  Sertularians,  and  may  be  supposed  to  have  lodged  the 
reproductive  zooids.  Thus,  occasional  specimens  of  certain  of  the 
aipnonidian  Graptolites  have  been  found  to  carry  on  their  sides 
singular  horny  sac-like  structures,  which  can  hardly  be  regarded  as 
anythmg  else  than  as  of  the  nature  of  "  gonangia."    Moreover,  it  is 
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very  usual,  as  pointed  out  by  the  writer,  to  find  in  association  with 
Graptolites  peculiar,  bell-shaped  or  conical,  chitinous  capsules,  which 
may  be  spoken  of  by  the  general  name  of  Bawsonice  (fig.  95).  These 
capsules  present  different  appearances  in  accordance  with  the  direc- 
tion in  which  they  have  been  compressed,  and  they  vary  in  shape 
and  size.  Each  is  furnished  with  a  little  spine  or  mucro  at  its  sum- 
mit, and  also  with  a  marginal  chitinous  thread  or  fibre.  These 
singular  bodies  have  not  hitherto  been  certainly  detected  in  direct 
connection  with  the  polypary  of  any  Graptolite.    They  may,  however, 


be  regarded,  with  great  probability,  as  being  of  the  nature  of  "  gon- 
angia,"  though  they  probably  differed  from  the  structures  so  called 
in  the  recent  Sertularians  in  becoming  detached  from  the  parent 

colony.  .  , 

Two  leading  types  of  stmcture  may  be  distmguished  amongst  the 
Graptolites,  and  these  may  be  respectively  termed  the  "  monoprioni- 
dian"  and  "  diprionidian  "  type.  The  monoprionidian  Graptolites 
(Monoprionidce)  are  distinguished  by  the  fact  that,  whether  the 
colony  be  simple  or  branched,  the  hydrothec^  are  arranged  m  a 
single  series,  and  the  coenosarc  is  thus  single  and  not  double.  In 
the  typical  MonoprionidcB  the  hydrothecse  are  uniserial  over  the 
entire  polypary  (as  in  Monograptus  or  Didymograptus).  A  transition 
is  however,  effected  between  the  monoprionidian  and  dipnonidian 
eroups  of  Graptolites  by  such  intermediate  types  as  Dimorpho- 
crrams  (fig.  92,  r)  in  which  the  proximal  portion  is  monoprioni- 
dian and  the  distal  portion  diprionidian,  or  Dicranograptus  (fig. 
X  o  i  1)  in  which  the  opposite  state  of  things  obtains.  On  the  other 
hand  in  the  proper  Diprionida  the  polypary  is  duplicate,  and  cou- 
nts o  two  separate  rows  of  hydrothecee,  which  may  spring  from  an 
undi^ded  common  cc^nosarc,  but  which,  more  usually,  arise  from 
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Fig.  96. — Corynoides  cali- 
cnlaris,  enlarged.  (Origi- 
nal.) 


two  separate  coenosarcal  tubes  which  are  closely  apposed  to  one 
another,  back  to  back,  along  their  entire  length. 

Before  briefly  considering  some  of  the  leading  types  of  these 
two  great  groups,  attention  may  be  directed 
for  a  moment  to  the  singular  genus  Cory- 
noides (fig.  96),  which  differs  in  important 
respects  from  all  the  ordinary  Graptolites. 
In  this  curious  form  the  organism  consists 
of  a  cylindrical  chitinous  tube,  tapering  to- 
wards the  base,  where  it  is  furnished  with 
two  small  spines,  and  expanding  above  into 
a  species  of  toothed  cup.  The  polypary 
does  not  show  any  signs  of  having  been 
attached  to  any  foreign  body,  and  the  sug- 
gestion has  been  thrown  out  by  Lapworth, 
that    the    type   may   be    regarded    as  a 

Graptolite  which  never  proceeded  beyond  the  stage  of  a  "sicula." 

The  type  of  the  Monoprionidian  Graptolites  is  the  genus  Mono- 
graptus  itself  (figs.  93  and  94),  which  is  also  the  central  genus  of  the 
family  of  the  Monograptida.  In  this  genus  the  polypary  is  simple  and 
linear,  possessing  but  a  single  row  of  hydrothecas  on  one  side,  and 
commencing  by  an  attenuated,  often  curved  base.  The  polypary  is 
straight,  curved,  or  helicoid  in  different  forms ;  and  great  variations 
exist  in  the  shape  of  the  hydrothecse  in  different  species  (fig.  94), 
these  structures  usually,  but  not  always,  overlapping  to  a  greater  or 
less  extent.  The  "  sicula  " 
is  attached  along  the  dor-  4t 
sal  margin  of  the  proximal  \, 
end  of  the  polypary  (fig. 
92,  b).  All  the  species  of 
Monograptus  are  confined 
to  the  Silurian  rocks  proper 
(the  Upper  Silurian  of  Mur- 
chison),  ranging  from  the 
base  to  the  summit  of  the 
system.  In  the  allied  genus 
Cyrtograptus  (fig.  97)  the 
polypary  is  also  unilateral, 
in  so  far  as  the  hydrothecse 
are  produced  from  the 
sicula  in  one  direction  only, 
but  the  polypary  is  now 

branched.  This  genus  is  also  confined  to  the  Silurian  rocks  proper. 
Again,  in  the  genus  Rastrites  (fig.  98)  the  polypary  resembles  that  of 
Monograptus  in  form,  but  the  hydrothecEe  are  more  or  less  linear. 


Fig.  (jT.— Cyrtograptus  Murchisoni,  Carr. 
(After  Ca 


(After  Carruthers.) 
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and  are  isolated  from  one  another,  instead  of  overlapping.  The 
species  of  this  genus  are,  like  those  of  the  preceding  genera,  re- 
stricted to  the  Silurian  rocks  proper. 

The  family  Leptograptidce  has  been  founded  by  Lapworth  for 
a  number  of  bilaterally-symmetrical  branched  Graptolites,  which 
agree  with  one  another  in  having  the  hydrothecse  attached  along 


B 


Fig.  98.— A,  Rastriies  pcrcgrinus  ;  B,  Rastrites  capil- 
laris ;  c,  Rastrites  Litnuei;  n,  Fragment  of  Rastrites 
percgrimtSy  greatly  enlarged.  All  the  figures  are  magni- 
fied.   Silurian.  (Original.) 


Fig.  99. — Ca-nograpius  gracilis, 
of  the  natural  size,  i  Sicula.  Ordo- 
vician.   (After  Lapworth.) 


the  whole  of  one  face  to  the  coenosarc,  and  not  overlapping.  The 
form  of  the  polypary  varies  much  in  this  family,  consisting  of  two 
long  primary  branches  in  Leptograptus  itself,  but  being  rendered 
complex  in  Fleurograptus  by  the  development  of  secondary  branches 
from  each  of  the  long  primary  stems,  these  in  turn  sometimes  giving 
off  tertiary  branches.  In  the  beautiful  genus  Ccenograpius  (fig.  99), 
again,  the  two  primary  stems  originate  from  the  centre  of  a  tri- 
angular sicula,  and  form  an  S- 
shaped  frond,  the  convex  sides 
of  which  give  off  simple  branches. 
All  the  above  genera  are  found 
in  the  Ordovician  rocks,  but  do 
not  extend  upwards  into  the 
Silurian  proper. 

The  great  family  of  the  Dicho- 
graptidce  comprises  a  large  number  of  branched  Graptolites,  all  the 
forms  of  which  are  found  in  the  Upper  Cambrian  and  Ordovician 
deposits.  The  simplest  type  of  this  family  is  the  genus  Didymo- 
crraptus  (figs.  92,  D,  and  100),  in  which  the  polypary  consists  of  two 
simple  branches  springing  from  a  small  pointed  "sicula."  The 
angle  included  between  the  polypiferous  sides  of  the  two  branches 
("angle  of  divergence")  is  always  less  than  180°,  the  opposite 


Fig.  loo  —Didymograptus  V-  fractus. 
Ordovician  (Skiddaw  Slates). 
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Fig.  loi. —  Tetragra/itus  quadribrachi- 
atus  (after  Hall).  Ordovician  (Skiddaw 
and  Quebec  groups). 


ant^le  (" sicular  angle")  being  necessarily  over  180°.  The  species 
ot Didymograptus  are  confined  to  the  Ordovician  rocks.  Closely 
allied  to  the  preceding  is  the  genus  Tetragraptus  (fig.  101)  in 
which  the  polypary  consists  of  four  simple  branches  springing 
from  a  central,  non-polypiferous  connecting-process  or  "funicle," 
which  bifurcates  at  each  end.  The 
base  is  sometimes  provided  with 
a  peculiar  corneous  disc,  similar 
to  that  which  characterises  various 
species  of  Dichogr aphis.  The 
species  of  Tetragraptus  are  all 
Ordovician  (Arenig).  In  the  genus 
Dichogr aptus  (fig.  102),  again,  the 
polypary  consists  of  eight  simple 
branches,  which  arise  from  the 
same  number  of  divisions  of  a 
non-polypiferous  basal  process  or 
"  funicle."  In  many  cases,  the  di- 
visions of  the  "funicle"  are  envel- 
oped in  a  species  of  horny  "  disc  " 
or  plate  (fig.  102),  which  is  be- 
lieved to  have  been  composed  of 
two  laminae.  The  functions  of  this  disc  are  doubtful,  but  it  has 
been  compared  with  the  "float"  of  the  Portuguese-Man-of-war 
{Fhysalia)  or  of  Velella  among  the  recent  Oceanic  Hydrozoa.  The 
species  of  Dichograptus  are  confined  to  the  lower  portion  of  the 
Ordovician  series  (Arenig);  but  allied  genera,  in  which  the  polypary 
is  irregularly  branched,  are  found  in  the  Upper  Cambrian  deposits, 
and  are  represented  in  the  Ordovician  rocks. 

The  only  remaining  family  of  the  Monoprionidian  Graptolites  is 
that  of  the  DicranograptidcB,  comprising  the  two  genera  Dicratto- 
graptus  and  Dicellogr aptus,  in  both  of  which  the  polypary  is  com- 
posed of  two  branches,  and  the  terminations  of  the  hydrothecse  are 
isolated  and  characteristically  incurved,  so  as  to  bring  the  cell- 
apertures  within  the  line  of  margin  of  the  branch  (fig.  103).  In 
the  genus  Dicellograpttis  (fig.  103,  b)  the  two  branches  of  the  poly- 
pary are  wholly  free,  and  diverge  from  a  basal  "sicula,"  in  such 
a  manner  as  to  resemble  the  genus  Didymograptus.  The  angle 
included  between  the  polypiferous  sides  of  the  branches  ("  angle  of 
divergence")  is,  however,  greater  than  180°,  while  the  opposite 
angle  ("sicular  angle")  is  necessarily  less  than  180°.  In  the  cu- 
rious gtrms  nicranograptus  (fig.  103,  a)  we  have  a  transition  be- 
tween the  Monoprionidian  and  Diprionidian  groups  of  Graptolites, 
the  two  branches  composing  the  polypary  being  adherent  by  their 
dorsal  surfaces  for  a  longer  or  shorter  distance,  and  then  diverging 


2l8 


HYDROZOA. 


freely.  The  species  of  both  these  genera  are  confined  to  the 
Ordovician  rocks. 

Coming  next  to  the  group  of  the  Diprionidian  Graptolites,  the 
typical  family  is  that  of  the  DiplograptidcB,  of  which  the  type-genus 
is  Diplograptus  itself  In  this  genus  the  polypary  (fig.  104)  con- 
sists— as  it  does  in  most  of  the  genera  of  the  family — of  two  sim- 
ple monoprionidian  branches, 
which  are  closely  united  to 
one  another  along  their  flatten- 
ed dorsal  surfaces,  but  are  en- 
closed in  independent  perider- 
mal  sheaths,  and  are  therefore 
really  separate.  The  virgulse 
of  the  two  branches  coalesce, 
and  form  a  single  rod-like 
axis,  which  is  embedded  in  a 
groove  between  the  coenosar- 
cal  sheaths,  and  commonly 
projects  distally  as  a  naked 
fibre,  while  it  appears  proxi- 
mally  as  a  shorter  or  longer 
"radicle"  (figs.  104  and  105). 
In  some  of  the  Diplograptidce, 
however,  according  to  Lap- 
worth,  there  is  only  a  single 
coenosarcal  canal  from  which 
the  two  rows  of  hydrothecae 


Fig.  xo'z.—Dichograptus  octoh-achiatus ,  showing  the  central  disc.    (After  Hall.) 
Ordovician  (Skiddaw  and  Quebec  groups). 

spring.  The  hydrothecse  themselves  overlap  each  other  to  a  greater 
or  less  extent,  the  distal  portion  of  each  being  free.  The  species  of 
Diplograptus  are  found  in  both  the  Ordovician  and  Silurian  rocks. 
In  the  nearly  allied  genus  Climacographis  (fig.  105),  the  structure  is 
much  the  same  as  in  Diplograptus,  but  the  hydrothec^  are  vertically 
disposed,  in  such  a  manner  that  their  mouths  appear  to  be  sunk 
below  the  general  surface  of  the  polypary.  The  appearances  pre- 
sent    by  the  polypary  in  this  genus  vary  extremely,  according  to 
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the  manner  in  which  the  organism  has  been  compressed,  or  the 
particular  view  of  the  cell-apertures  which  may  be  afforded  by  a 
dven  specimen  (fig.  105,  c,  d,  e).  The  species  of  the  genus  are 
all  Ordovician  and  Silurian.  Of  the  remaining  genera  of  the 
Diplograptidce  the  only  one  which  needs  special  notice  is  the 
remarkable  Dimorphograpius  (fig.  92,  f),  in  which  the  proximal 
portion  of  the  polypary  is  monoprionidian,  while  the  distal  portion 
is  diprionidian.  The  polypary  in  its  basal  part  thus  resembles  a 
Monograptus,  which  genus  it  also  approaches  in  the  possession  of 


B 

Fig.  103. — A,  Proximal  portion  oi  the  polypary  ot  Dicranograptns  Nichohoni,  enlarged  five 
times ;  b,  Proximal  portion  of  the  polypary  of  Dicellograptus  complanatiis,  enlarged.  Ordo- 
vician.  (After  Hopkinson  and  Lapwortb.) 

an  adherent  "  sicula " ;  while  in  its  upper  portion  it  has  the  char- 
acters of  an  ordinary  Diplograptus.  The  known  species  of  Diinor- 
■bhograptus  are  all  Silurian. 

Of  the  remaining  families  of  the  Diprionidian  Graptolites,  the 
Lasiograptidce  are  not  thoroughly  understood,  but  their  distinguish- 
ing feature  is  found  in  the  fact  that  the  biserial  polypary  is  provided 
mth  peculiar  chitinous  spines,  arising  from  the  hydrothecse,  which 
subdivide  and  inosculate  with  one  another  so  as  to  surround  the 
colony  with  a  kind  of  netted  fringe  of  fine  fibres.  The  type-genus, 
Lasiograptus,  is  Ordovician.  The  family  of  the  Retiolitidce.  is  also 
a  peculiar  one,  the  characteristic  feature  being  that  the  periderm  is 
very  much  attenuated,  and  is  supported  upon  a  remarkable  network 
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of  chitinous  fibres,  thus  producing  a  minutely  latticed  appearance 
of  the  surface  (fig.  io6).  '  According  to  Lapworth,  the  two  virgute 
of  the  bisenal  polypary  are  separated,  and  are  attached  to  opposite 
sides  of  the  peridermal  network.  The  type-genus  is  Retiolites  itself, 
the  species  of  which  are  Ordovician  and  Silurian.  Lastly,  the  family 
of  the  Phyllograptida  includes  the  single  genus  Phyllograptiis,  all 
the  species  of  which  are  confined  to  the  lower  portion  of  the 
Ordovician  system.    In  this  genus  (fig.  107)  the  polypary  is  leaf- 


B 


Fig.  104. — A,  Diplograptus  folia- 
celts,  slightly  enlarged  ;  B,  A  Diplo- 
graptus showing  two  long  lateral 
spines,  in  addition  to  a  central 
"radicle";  c,  Base  of  a  Diplo- 
grapttis,  enlarged.  Ordovician. 
(Original.) 
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Fig.  105. — A,  A  specimen  oiCliinacograptus  normalis, 
in  relief  and  partially  split  in  half,  showing  the  virgula 
embedded  between  the  two  branches  of  the  duplex 
polypary ;  b,  Transverse  section  of  the  polypary  of  the 
same ;  c,  d,  and  E,  Different  views  of  the  polypary  of 
the  same,  showing  the  appearances  produced  by  differ- 
ences in  the  direction  of  compression,  r.  Radicle ; 
V,  Virgula;  /,  Septum  between  the  two  halves  of  the 
polypary  ;  /r,  Hydrotheca  ;  ?«,  Aperture.  All  the  fig- 
ures are  enlarged.    Silurian.  (Original.) 


like,  and  consists  of  four  rows  of  hydrothecEe  placed  back  to  back, 
in  such  a  manner  as  to  resemble  two  Diplogj-apti  intersecting  one 
another  at  right  angles.  In  consequence  of  this  peculiar  structure 
of  the  polypary,  the  Phyllograpti  are  sometimes  spoken  of  as  the 
"  tetraprionidian  "  Graptolites. 

The  Graptolites  have  been  considered  with  some  detail  on  account 
of  their  great  importance  in  determining  the  chronological  succession 
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of  the  Ordovician  and  Silurian  deposits,  as  has  been  amply  demon- 
strated by  the  researches  of  Lapworth,  Linnarsson,  and  others. 
Regarded  as  a  whole,  the  Graptolites,  as  previously  stated,  are 
restricted  to  the  Upper  Cambrian,  Ordovician,  and  Silurian  rocks, 
but  particular  types  have  been  shown  to  be  characteristic  of  particu- 
lar horizons  in  these  rock-systems.  This  is  not  the  place  to  give  an 
account  of  the  general  succession  of  the  Graptolitoidea  in  time,  or  to 
indicate  the  precise  stratigraphical  value  of  particular  forms  of  the 
group,  but  some  general  results  may  be  briefly  alluded  to.  The 
great  family  of  the  Monograptidce  is  wholly  confined  to  the  Silurian 
rocks  proper  (Upper  Silurian  of  Murchison),  the  genus  Monograptus 


Fig.  io6. — Different  views  of  portions 
of  Retiolites  zienosiis^  enlarged  nine 
times,  showing  the  netted  periderm  and 
the  virgula.    (After  Hall.) 


Fig.  107. — Group  of  individuals  of  Phyllo- 
graptus  typus,  from  the  Quebec  group  of 
Canada  (after  Hall).  One  of  the  four  rows 
of  cells  is  hidden  on  the  under  surface. 


itself  extending  from  the  base  of  this  system  to  its  summit.  On  the 
other  hand,  the  families  of  the  DiplograptidcE  and  Retiolitida  range 
from  the  base  of  the  Ordovician  rocks  to  the  middle  of  the  Silurian. 
The  families  of  the  Leptograptidce,  Dicranograptida,  Lasiograptida, 
and  PhyllograptidcE  are  restricted  to  the  Ordovician  rocks,  and  the 
species  of  Phyllograptus,  the  sole  representative  of  the  last  of  these 
families,  is  only  found  in  the  basal  beds  (Arenig  and  Tlanvirn  beds) 
of  the  Ordovician.  Lastly,  the  great  family  of  the  Dichograptida; 
commences  in  the  Upper  Cambrian  period,  culminates  in  the  lower 
Ordovician,  and  dies  out  altogether  before  the  commencement  of  the 
Silurian.    The  horizon  of  the  Arenig  rocks  (Skiddaw  and  Quebec 
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groups)  is  especially  characterised  by  the  presence  of  such  genera  as 
Dichograptus  and  Tetragr aphis,  species  of  these  genera  being  found 
in  rocks  of  this  age  in  localities  as  remote  as  Canada,  Britain,  and 
Australia. 

Finally,  as  regards  the  zoological  affinities  of  the  Graptolites, 
palaeontologists  are  now  agreed  in  regarding  these  singular  organ- 
isms as  an  ancient  and  aberrant  type  of  the  Hydrozoa.  In  many 
respects  the  Graptolites  present  a  resemblance  to  the  recent  Sertu- 
larians,  this  resemblance  being  shown  not  only  in  the  fact  that  the 
hydrothecse  have  a  general  likeness  in  form  and  arrangement  in  the 
two  groups,  but  also  in  the  possession  by  certain  of  the  former  of 
chitinous  reproductive  capsules,  which  admit  of  comparison  with 
the  "  gonangia  "  of  the  latter.  On  the  other  hand,  the  polypary  of 
the  Sertularians  is  always  fixed,  the  hydrothecse  are  never  in  contact, 
and  the  colony  is  not  specially  strengthened  by  a  horny  fibre.  In 
contradistinction,  the  Graptolites  were  free  organisms,  originating  in 
a  basal  "  sicula,"  the  hydrothecas  are  usually  (but  not  always)  more 
or  less  largely  in  contact,  and  the  polypary  is  strengthened  by  the 
peculiar  chitinous  rod  which  has  been  previously  spoken  of  as  the 
"  virgula."  In  the  singular  recent  genus  Rhabdopleura,  one  of  the 
marine  Polyzoa,  the  polyzoary  is  strengthened  by  a  peculiar  hollow 
chitinous  axial  tube,  which  has  been  compared  by  Professor  All- 
man  with  the  "  virgula  "  of  the  Graptolites.  There  are,  also,  points 
of  resemblance  between  the  Graptolites  and  those  Polyzoa  (such  as 
Vesicularia)  in  which  the  cells  of  the  colony  communicate  by  means 
of  a  common  tube.  None  of  the  Polyzoa,  which  possess  a  chitinous 
external  skeleton,  are,  however,  free  and  unattached,  and  the  general 
balance  of  evidence  is  unquestionably  in  favour  of  a  reference  of  the 
Graptolitoidea  to  the  class  of  the  Hydrozoa. 
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CHAPTER  XV. 

H  YD  ROZOA  —  Continued. 

HYDROCORALLINES  AND  STROMATOPOROIDS. 

Sub-class  Hydrocorallin^. 

The  name  of  Hydrocorallina  has  been  proposed  by  Professor 
Moseley  for  two  groups  of  marine  Hydrozoa  which  produce  a  reg- 
ular skeleton  of  carbonate  of  lime,  and  which,  on  the  strength  of 
the  skeleton  alone,  were  formerly  referred  to  the  true  Corals  {Ac- 
tinozod).  The  two  groups  in  question  are  the  Millepo7-id(B  and 
Stylasteridce,  the  former  being  represented  by  the  well-known  Mille- 
pora,  which  contributes  largely  to  the  formation  of  coral-reefs  in 
various  regions.  The  "  coenosteum "  or  calcareous  skeleton  of 
Millepora  (fig.  io8)  is  usually  in  the  form  of  a  foliaceous  or 
laminar  expansion,  or  is  simply  branched,  and  though  minutely 
spongy,  is  of  considerable  density.  The  main  mass  of  the  skeleton 
is  essentially  composed  of  a  complex  network  of  anastomosing  cal- 
careous fibres,  so  disposed  as  to  give  rise  to  a  correspondingly  com- 
plex network  of  anastomosing  and  tortuous  canals  (fig.  109,  c  c).  In 
the  living  condition,  this  canal-system  is  filled  with  anastomosing 
stolons  of  the  coenosarc,  by  which  the  different  zooids  of  the  colony 
are  placed  in  organic  connection.  The  general  spongy  skeleton, 
constituted  as  above  described,  is  traversed  at  intervals  by  the 
vertical  tubes  in  which  the  zooids  were  contained.  These  tubes 
are  in  two  series,  differing  slightly  in  size,  and  they  open  on  the  sur- 
face by  apertures  correspondingly  different  in  dimensions,  of  which 
the  larger  ones  are  called  the  "  gastropores  "  and  the  smaller  the 
"  dactylopores  "  (fig.  108,  ^  and  The  gastropores  and  dactylo- 
pores  may  be  irregularly  distributed,  or  the  dactylopores  may  be 
arranged  in  more  or  less  definite  systems  round  the  gastropores. 
These  two  sets  of  tubes,  as  shown  by  Moseley,  lodge  respectively 
larger  and  smaller  zooids,  which  differ  in  structure  and  function. 


224 


HYDROZOA. 


The  large  zooids  ("  gastrozooids  ")  possess  a  mouth  and  digestive 
cavity,  and  have  from  four  to  six  short  tentacles.  On  the  other 
hand,  the  smaller  zooids  ("  dactylozooids ")  have  no  mouth,  and 
possess  short  clavate  tentacles  on  their  sides  :  they  are  long  and 
slender,  and  perform  the  function  of  prehension  for  the  colony. 
Whatever  may  be  the  structure  of  the  contained  zooids,  the  zooi- 
dal  tubes  are  intersected  internally  by  distinct  transverse  calcareous 
partitions  or  "  tabulte  "  (fig.  io8,  c,  and  fig.  109,  b)  ;  but  there  are 
no  traces  of  radiating  vertical  partitions  or  "  septa."  The  entire 
coenosteum  shows  a  more  or  less  evident  composition  out  of  thin 


Fig.  108. — A,  Portion  of  the  coenosteum  of  ./)////c/ora  «/c/Vff>-«M,  of  the  natural  .size  ;  n,  Part 
of  the  surface  of  the  same  enlarged,  showing  the  mouths  of  the  "  gastropores  "  (g-)  and  "  dacty- 
lopores  "  (if),  and  the  intermediate  coenosteal  tissue  ;  c,  Vertical  section  enlarged,  showing  the 
tabulate  zoOidal  tubes.  (Original.) 

concentric  laminae,  only  a  thin  surface-layer  being  at  any  given 
moment  actually  alive.  The  reproductive  process  in  MiUepora  is 
imperfectly  known,  but  Mr  Quelch  has  shown  that  in  one  species 
of  the  genus  the  reproductive  zooids  are  developed  within  special 
globular  cavities  or  "  ampullce,"  which  are  contained  within  the 
general  spongy  skeleton,  and  are  covered  by  a  thin  porous  layer. 

The  structure  of  MiUepora  has  been  dwelt  upon  at  some  length, 
as  throwing  considerable  light  upon  the  relationships  of  the  extinct 
Stromatoporoids,  but  the  genus  itself  is  of  little  paljeontological  im- 
portance.   The  earliest  known  forms  of  the  genus  appear  in  the 
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Eocene  rocks ;  and  in  the  same  formation  appears  the  allied  genus 
Axopora,  which  differs  from  Alillepora  ■  chiefly  in  the  fact  that  the 
tabulate  zooidal  tubes  are  traversed  by  a  large  fasciculate  "  colum- 
ella "  or  central  rod.  The  Cretaceous  genus  Porosphcera  has  been 
regarded  as  related  to  Millepora,  but  it  appears  to  be  truly  referable 
to  the  Sponges. 

The  second  group  of  the  Hydrocorallines  is  that  of  the  Stylaster- 
ida,  comprising  a  number  of  recent  genera  {Stylaster,  Allopora, 
Cryptohelia,  Sporadopora,  &c.),  all  of  which  are  inhabitants  of  the 
sea,  and  range  from  the  neighbourhood  of  the  coast-line  to  great 
depths.    The  ccenosteum  of  the  Stylasterids  is  calcareous,  more  or 


Fig.  109. --Thin  sections  of  Millej>ora,  sp.,  enlarged  about  thirty-five  times.  A,  Tangential 
(OHgTnal  Gastropores;  d  d,  Dactylopores  ;  c  c,  Ccenosarcal  canals. 


less  branched,  forming  a  dendroid  colony  or  flabellate  expansion, 
and  exhibiting  upon  the  surface,  or  on  its  sides,  small  rounded  aper- 
tures which  usually  have  the  appearance  of  being  intersected  margin- 
ally by  radiating  partitions  or  septa,  and  thus  simulate  the  "  calices  " 
of  an  ordinary  Madreporarian  Coral  (fig.  no).  In  other  cases,  the 
surface  shows  a  series  of  large  apertures,  with  more  numerous 'and 
irregularly  arranged  smaller  openings,  the  latter  not  being  radially 
arranged  round  the  former.  Thin  sections  of  the  ccenosteum  (fig. 
Ill)  show  that  the  general  skeleton  is  composed  of  a  den.se,  sub- 
crystalline  calcareous  tissue,  which  is  traversed  in  all  directions  by  a- 
system  of  branched  and  anastomosing  canals,  which  in  the  livine 
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condition  are  occupied  by  prolongations  of  the  coenosarc,  and  which 
place  the  different  zooids  of  the  colony  in  direct  connection.  The 
zooids  are  of  two  kinds,  differing  in  size,  structure,  and  function. 
The  larger  zooids  ("  gastrozooids  ")  are  provided  with  a  mouth  and 
stomach-sac  ;  while  the  others  ("  dactylozooids  ")  are  elongated  and 
destitute  of  a  mouth,  thus  coming  to  represent  tentacles  in  form. 
The  gastrozooids  occupy,  as  in  Millepora,  the  large  tubes  of  the 
skeleton,  and  the  dactylozooids  are  lodged  in  the  small  tubes. 
Hence,  when  the  dactylozooids  are  arranged  in  definite  "cyclo- 
systems  "  round  the  gastrozooids,  then  each  of  the  large  apertures  in 
the  skeleton  comes  to  be  surrounded  by  a  circle  of  smaller  elongated 
pores,  which  are  only  separated  laterally  by  thin  partitions,  and  which 


Fig.  IIO.-A,  Portion  of  the  skeleton  of  Stylastcr  sanguineus,  of  the  natural  sf^  :  "'  Small 
portion  of  a  branch  of  the  same,  enlarged,  showing  the  calices  and  ampullae.  Living,  in  the 
Australian  seas.    (After  Milne-Edwards  and  Haime.) 

thus  give  rise  to  the  appearance  of  a  central  "calice"  surrounded  by 
radiated  "  septa  "  (fig.  1 1 1,  c).  In  certain  forms  of  the  Stylasterids, 
as  in  Allopora,  the  tubes  lodging  the  gastrozooids  are  occupied  in- 
feriorly  by  a  reticulate  calcareous  style  or  "columella"  (a  similar 
structure  occasionally  existing  in  the  dactylopores) ;  and  transverse 
calcareous  partitions  or  "tabulae"  are  sometimes  present,  though 
usually  in  small  numbers.  Lastly,  reproduction  in  the  Stylasterids 
is  effected  by  means  of  reproductive  zooids  developed  within  special 
sac-like  cavities  or  "  ampulte,"  which  at  certain  periods  communicate 
with  the  exterior  by  means  of  minute  pores.  .      i   .  ■ 

As  regards  distribution  in  time,  a  few  species  of  Stylastend. 
have  been  recognised  in  the  Tertiary  deposits,  the  recent  genera 
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Distichopora  and  Allopora  being  both  represented  by  Tertiary  forms. 
There  are  also  certain  Cretaceous  fossils,  at  present  imperfectly 
known,  which,  according  to  Moseley,  are  probably  referable  to  this 
group.  The  most  ancient  allies  of  the  Stylasterids,  however,  would 
appear,  from  the  researches  of  the  present  writer,  to  be  the  singular 
Triassic  fossils  for  which  Professor  P.  M.  Duncan  founded  the  genera 
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Fig.  III. — A,  Vertical  section  ot  the  coenosteum  Allopora,  sp.,  showing  the  reticulate  coeno- 
sarcal  tissue  and  its  canals,  greatly  enlarged.  The  section  traverses  a  gastropore,  which  is  seen 
to  be  occupied  below  by  a  reticulate  "  columella  "  (j).  B,  Horizontal  section  of  the  same,  greatly 
enlarged,  mtersecting  one  of  the  systems  of  zooidal  tubes  :  Columella  of  the  gastropore  cut 
across ;  d.  One  of  the  dactylopores  cut  across,  c.  Portion  of  the  surface,  enlarged,  showing  a  gas- 
tropore Cf)  surrounded  by  its  circle  of  dactylopores  (d).  (Original.) 

Syringosphara  and  Stoliczkaria>  The  fossils  included  in  these 
genera  are  known  as  "  Karakoram  stones,"  and  are  found  in  strata 
of  supposed  Triassic  age  in  the  Karakoram  Mountains,  in  Kashmir. 
They  are  spheroidal  or  spherical  bodies  (fig.  112)  which  vary  from 
an  inch  or  less  up  to  two  inches  or  more  in  diameter,  and  which,  in 
unworn  specimens,  exhibit  a  warty,  verrucose,  or  granular  surface. 
The  surface  also  generally  exhibits  rounded  pits  or  pores,  which  may 
be  uniformly  distributed,  or  which  are  specially  developed  along 
the  equatorial  diameter  of  the  fossil.  There  are  no  traces  of  any 
mark  of  attachment,  and  the  organism  must  have  been  free.  The 

frnVn,  '^A^^  Professor  Reuss  published  descriptions  and  figures  of  some  fossils 
f Sit,,,        P'?^  "^"^  ^^"^'^      proposed  the  generic  name  of  Heterastridhim 

rom  th!  ^''■5'.  P-  38s,  Pis.  I. -IV.,  1865).    It  is  clear 

liiMv  if  ^•    ,  ^^!=tl^.^'tr,dmm  is  very  closely  allied  to  Stoliczkaria ,  if  not  abso- 

ished  ,r       ""V^  '^^''^      ^'''^  '^^^"''ty  of  these  two  genera  being  estab- 

/S//  ■/"'""^  u*^  f/«/^f2^-ar/a  will  have  to  be  abandoned  in  favour  of  that  of 
^^eurastiidiuin,  the  latter  having  been  published  first. 
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skeleton  is  calcareous,  and  its  general  substance  is  composed  of  a 
characteristic,  cancellated  or  tubulated  coenosarcal  tissue,  closely 

resembling  the  ccenosarcal 
tissue  of  Farkeria.  The  tu- 
buli  of  the  general  coenosteal 
tissue  have  a  radial  direction 
from  the  centre  to  the  cir- 
cumference, as  in  Parkeria, 
but  there  is  no  marked  ar- 
rangement into  concentric 
layers.  As  seen  in  cross-sec- 
tions (fig.  113,  a)  this  tubu- 
lated tissue  exhibits  a  char- 
acteristic netted  appearance. 
The  general  cancellated  tissue 
of  the  skeleton  is  traversed  by 
numerous  comparatively  large 
radiating  tubes  (fig.  113,  /),  which  open  on  the  surface  by  the 
rounded  apertures  above  spoken  of,  and  which  may  be  regarded  as 
zooidal  tubes.    These  tubes,  in  some  cases  at  any  rate,  are  of  differ- 


Fig.  112. — A  specimen  of  Stolic^karia granulata, 
of  the  natural  size,  from  the  Triassic  rocks  of  Kash- 
mir. The  surface  of  the  specimen  is  much  worn, 
but  shows  the  apertures  of  the  zooidal  tubes. 
(Original.) 
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CO  B  C 

;};:^"atsre;:eb^di:idS^^^^^^  columell.(..);u,Vert,calsect,on, 
similarry  eniar|ed,  the  letters  as  before.  (Ongmal.) 

ent  sizes  and  correspond  with  the  "gastropores"  and  "dactylo- 
Bores "  of  the  Stylasterids,  and  each  is  provided  with  a  reticulate 
Lmral  style  or  "columella"  (fig.  xx3.         ^  cross-sections  the 
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tubes  often  show  the  appearance  of  short  inward  projections,  which 
have  the  aspect  of  the  radiating  "  septa  "  of  a  coral,  but  which  are 
doubtless  of  a  wholly  different  nature. 

The  general  structure  of  the  skeleton  in  Stoliczkaria,  and  appar- 
ently in  Syringosphcera  also,  is  thus  in  many  respects  similar  to  that 
of  the  recent  genera  Allopora  (fig.  in)  and  Sporadopora  among  the 
Stylasterids.  These  singular  organisms  may  therefore  be  regarded 
as  being  referable  to  the  Hydrocorallines,  and  as  being  related  to  the 
Stylasterida.  From  these,  however,  they  differ  in  their  free  habit, 
and  in  the  peculiar  radial  tubulation  of  the  coenosarcal  tissue ;  and 
they  may  thus  be  properly  considered  as  constituting  a  special  family, 
to  which  the  name  of  Syrmgosphceridce,  proposed  by  Professor 
Duncan,  may  be  given.  The  resemblance  between  Stoliczkaria  and 
Syringosphcera  on  the  one  hand  and  Parkeria  on  the  other  hand, 
though  superficially  close,  is  not  dependent  on  real  identity  of  struc- 
ture. They  agree  in  the  general  nature  of  the  ccenosarcal  tissue ;  but 
the  skeleton  in  Parkeria  is  composed  of  concentric  layers,  separated 
by  tiers  of  chamberlets  or  by  "  interlaminar  spaces,"  and  is  traversed 
by  numerous  radial  pillars,  while  the  zooidal  tubes  are  irregular  and 
are  devoid  of  a  columellar  style. 

Sub-class  Stromatoporoidea. 

The  Stromatoporoids  constitute  a  large  group  of  extinct  Hydrozoa, 
which,  so  far  as  certainly  known,  are  confined  to  the  Ordovician, 
Silurian,  and  Devonian  rocks.  The  coenosteum  in  the  forms  in- 
cluded in  this  group  is  calcareous  and  often  of  large  size ;  and 
some  of  the  limestones  of  the  Silurian  and  Devonian  period  are 
very  largely  made  up  of  the  skeletons  of  these  organisms.  The  form 
of  the  skeleton  and  the  mode  of  growth  are  extremely  variable,  but 
the  most  typical  condition  of  the  coenosteum  is  that  of  a  spheroidal 
or  irregular  mass,  or  of  a  flattened  expansion,  attached  basally  to 
some  foreign  body,  and  exhibiting  a  more  or  less  conspicuous  com- 
,  position  out  of  concentric  calcareous  laminae  (fig.  114).  In  some 
cases  the  skeleton  is  branched  and  dendroid,  and  in  others  it  forms  a 
thin  crust  growing  upon  foreign  bodies.  In  this  latter  case,  as  well 
as  in  some  massive  types,  the  organism  is  attached  by  the  whole  of 
Its  under  surface ;  but  more  usually  the  attachment  is  by  a  peduncle, 
and  the  greater  portion  of  the  basal  surface  is  covered  by  a  thin, 
concentrically  wrinkled,  calcareous  membrane  or  "  epitheca." 

As  regards  the  general  structure  of  the  skeleton  of  the  Stromato- 
poroids, the  most  obvious  feature  is  that  it  is  composed  of  numer- 
ous concentric  layers  or  "  laminee,"  which  are  separated  by  narrow 
intervals  or  "  interlaminar  spaces."  In  reality,  however,  the  actu- 
ally fundamental  element  in  the  skeleton  is  not  found  in  these  con- 
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spicuous  concentric  laminae  but  in  a  series  of  vertical  calcareous 
rods  ("  radial  pillars "),  which  are  directed  at  right  angles  to  the 
lamin£e.  The  "laminse,"  in  fact,  are  not  continuous  calcareous 
layers,  but  are  in  most  cases  really  formed  by  numerous  irregular 
calcareous  rods  or  processes  which  are  given  out  by  the  "  pillars  "  at 
definite  levels,  and  which  join  with  one  another  and  with  the  pillars 
to  form  a  reticulated  or  porous  membrane.  Hence,  in  a  typical 
Stromatoporoid,  the  last-formed  concentric  lamina,  which  consti- 
tutes the  outer  surface  of  the  organism,  exhibits  numerous  minute 
pores,  which  open  internally  into  the  uppermost  "  interlaminar 


From  the  Trenton  Limestone  of  Canada.    (After  Billmgs.) 

space  "  and  which  probably  served  to  give  exit  to  the  zooids  of  the 
colony  The  outer  layer  also  commonly  shows  numerous  small 
granules  or  tubercles,  which  are  really  the  free  upper  ends  of  the 
vertical  or  radial  pillars.  These  last-named  structures  are  small  cal- 
careous columns,  which  have  a  general  radial  direction,  and  which 
cross  the  interlaminar  spaces  vertically  and  thus  connect  successive 
concentric  laminte  with  one  another.  In  some  cases  (as  in  the 
genus  Clathrodictyon)  the  pillars  are  merely  short  Perpendicular 
processes  which  run  from  the  upper  surface  of  one  lamina  to  he 
Tder  surface  of  the  next.  In  other  cases  as  in  the  genus  Ac^ 
J^tZna  fig.  1 1 5,  B  and  c)  the  pillars  run  continuously  through  a  coin- 
er ble^mber  of  lamina.    In  many  cases,  it  can  also  be  sho.  n 
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that  the  radial  pillars  contain  in  their  interior  a  minute  axial  canal 
(as  in  Labechia,  fig.  116,  a),  but  there  is  no  ground  for  supposing 
that  this  opened  upon  the  surface  by  any  aperture. 

The  zooids  which  composed  the  colony  of  the  Stromatoporoids 
were  sometimes  merely  lodged  in  the  pores  which  pierce  the  reticu- 
lated concentric  laminte,  and  there  are  no  definite  "  zooidal  tubes 
(fio-  115  a).  In  other  cases,  such  tubes  are  present ;  though  their  re- 
cognition is  not  always  easy,  and  they  are  often  very  irregular. 
When  well  developed,  the  zooidal  tubes  are  usually  intersected  by 


Fig.  115.— A,  Tangential  section  of  Actinostroina  intcrtcxtuin,  showing  the  transversely-di- 
vided radial  pillars  and  the  reticulated  structure  of  the  concentric  laminae,  b,  Vertical  section  of 
the  same,  showing  the  radial  pillars  and  the  formation  of  the  concentric  laminae  out  of  processes 
which  are  given  out  horizontally  by  these.  Enlarged  twelve  times,  c  and  D,  Parts  of  the  same 
sections  enlarged  further.    From  the  Silurian  rocks.  (Original.) 


a  number  of  transverse  calcareous  partitions  or  "tabulae"  (fig.  119, 
E  and  d).  In  no  case  are  the  zooidal  tubes  provided  with  radi- 
ating vertical  partitions  comparable  with  the  "  septa  "  of  corals.  It 
would  seem  certain  that  in  all  the  Stromatoporoids  the  part  of  the 
colony  which  would  be  at  any  given  moment  actually  alive,  must 
have  been  restricted  to  a  thin  external  layer. 

Among  the  more  noticeable  features  presented  by  the  Stromato- 
poroids are  the  so-called  "  astrorhizse  "  of  many  types.  These  are 
stellate,  often  much  branched,  gutters  or  grooves  which  are  found  on 
the  external  surface  of  the  last-formed  lamina,  each  stellate  system 
being  placed  at  a  little  distance  from  its  fellows.    As  each  lamina 
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of  the  colony  has  at  one  time  formed  the  external  surface,  the  ex- 
terior of  each  exhibits  astrorhizae,  as  a  rule,  when  the  specimen  is 
broken  open.  Very  commonly,  also,  the  astrorhizae  are  placed  in 
successive  groups  one  above  the  other,  those  of  each  vertical  system 
being  united  by  a  wall-less  axial  tube,  which  usually  opens  on  the 
outer  surface  by  an  aperture,  which  is  often  placed  at  the  summit  of 
a  conical  or  rounded  prominence.    The  astrorhizal  canals  of  the 

Stromatoporoids  may 
be  compared  with  the 
peculiar  grooves  seen 
on  the  external  surface 
of  the  crusts  of  the 
recent  Hydractinia,  or 
with  the  branching 
and  inosculating  coen- 
osarcal  canals  of  Mil- 
lepora,  and,  like  the 
latter,  they  probably 
transmitted  stolons  of 
the  coenosarc. 

The  Stromatopo- 
roids may  be  divided 
into  two  great  groups, 
the  forms  of  one  of 
these  having  a  resem- 
blance to  Hydradinia 
in  the  structure  of  the 
skeleton,  while  those 
of  the  other  possess 
a  coenosteum  con- 
structed more  nearly 
after  the  type  of  that 
of  Millepora.  In  the 
first  of  these  primary 
sections  the  skeleton 
(as  in  Actino stroma^ 
fig.  lis,  Labechia, 
fig.  1 1 6)  is  composed 
of  "  radial  pillars  " 
and  "  concentric  laminae,"  which  remain  definitely  recognisable  and 
do  not  become  fused  with  one  another  into  a  continuous  reticulation. 
The  type  of  this  section  is  the  genus  Acti7io stroma,  in  which  the 
coenosteum  is  massive  or  laminar,  often  of  large  size,  and  the 
radial  pillars  are  long  and  are  continued  without  a  break  through 
numerous  successive  laminae  (fig.  iiS,  b).    The  concentric  lamina; 


Fig.  ii6.— A,  Tangential  section  of  the  coenosteum  ot  La- 
becliia  con/ertn,  from  the  Wenlock  Limestone  (Silurian), 
enlarged  twelve  times.  The  section  shows  the  transversely 
divided  radial  pillars  with  their  axial  canals,  and  their  con- 
necting processes  (c).  B,  Vertical  section  of  the  same,  simi- 
larly enlarged,  the  letters  as  before.  (Original.) 
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are  formed  by  radiating  processes  given  out  in  whorls  at  definite 
levels  from  the  radial  pillars,  and  uniting  with  one  another  in  such 
a  way  as  to  give  rise  to  an  angular  meshwork.  Hence,  horizontal 
sections  of  the  species  of  this  genus  (fig.  115,  a  and  c)  exhibit 
a  structure  not  at  all  unlike  that  of  a  Hexactinellid  Sponge,  the 
cut  ends  of  the  radial  pillars  constituting  so  many  centres  from 
which  the  horizontal  processes  forming  the  lamina  are  given  out 
in  a  stellate  manner.  The  earliest  types  of  Actinostroma  appear 
in  the  Silurian  rocks,  but  the  genus  is  characteristically  Devonian. 
In  the  nearly  allied  genus  Clathrodidyon,  the  radial  pillars  are  com- 
paratively ill  developed,  and  do  not  pass  from  one  interlaminar  space 
to  another.  The  species  of  this  genus,  though  not  absolutely  unrep- 
resented in  the  Devonian,  are  characteristic  of  the  Silurian  period. 

The  singular  genus  Labechia  is  the  type  of  another  group  of 
Stromatoporoids.  The  coenosteum  in  this  genus  (fig.  1 1 7)  is  usually 
laminar,  attached  by  a  peduncle,  and 
having  the  under  surface  covered  with 
a  wrinkled  calcareous  membrane  or 
"epitheca."  The  upper  surface  shows 
no  traces  of  pores  or  zooidal  apertures, 
but  is  covered  with  numerous  blunt 
tubercles.  "Vertical  sections  (fig.  116,  b) 
show  that  these  tubercles  are  the  free 

1       r    ,      .       J-  1     -11  u"  u         Fis.   117. — A  small  specimen  of 

upper  ends  of  stout  radial  pillars,  which      Labtchia  con/erta,  from  the  SUurian 

are  connected  with  one  another  by    Tot^i^t^'thf  epuSLtr^dt  tde 

numerous     arched     calcareous     plates.      and  the  tuberculate  upper  surface. 

Horizontal  sections  (fig.  116,  a)  show  > 
the  cut  ends  of  the  radial  pillars,  united  by  the  calcareous  plates 
above  spoken  of.  The  pillars  are  hollow,  with  a  minute  axial 
canal,  but  they  do  not  seem  to  be  naturally  perforated  at  their 
summits.  In  the  absence  of  definite  zooidal  pores,  it  must  be" 
supposed  that  the  surface  was  covered  with  the  coenosarc,  from 
which  the  polypites  were  budded  off.  The  genus  Labechia  ranges 
from  the  Ordovician  to  the  Devonian,  and  the  allied  Rosenella  is 
found  in  the  Ordovician  and  Silurian  rocks. 

In  this  connection  a  few  words  may  be  here  said  with  regard  to 
the  extraordinary  and  problematical  fossils  from  the  Ordovician  rocks 
of  North  America  for  which  Mr  Billings  founded  the  genus  Beatricea. 
The  fossils  in  question  have  the  form  of  cylindrical  or  angular  stems 
(fig.  1 1 8),  which  are  nearly  straight,  are  unbranched,  and  may  attain 
a  length  of  several  feet.  The  outer  surface  sometimes  shows  small 
rounded  tubercles,  or  may  exhibit  minute  circular  apertures,  the 
nature  of  which  is  quite  uncertain.  Transparent  transverse  and 
vertical  sections  (fig.  118,  b  and  c)  show  that  the  fossil  is  prin- 
cipally made  up  of  a  thick  outer  sheath  of  lenticular  calcareous  cells 
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or  vesicles,  which  are  arranged  in  concentric  layers  round  a  large 
axial  tube  running  the  whole  length  of  the  organism.  This  axial 
tube  is  intersected  by  strongly  curved  calcareous  partitions  or 
"  tabulae  "  ;  and  the  vesicular  tissue  which  surrounds  it  is  sometimes 
found  to  be  traversed  by  columns  which  radiate  outwards  to  the  cir- 
cumference, and  which  may  be  compared  with  the  "  radial  pillars  " 
of  Labechia.    Upon  the  whole,  with  our  present  knowledge,  it  would 


\ 


Fitr  ii8  -A  \  fragment  of  Bcatricca  nmiulata,  slightly  less  than  the  natural  size,  from  the 
Ordo^^ician  rocks  (Cincinnati  Group)  of  North  America.  B  Cross-section,  and  c.  Vertical  section 
oiBc^rkea  nodnlosa,  from  the  same  formation,  slightly  enlarged  Ihe  sections  show  the 
peripheral  vesicular  tissue  and  the  central  tabulate  tube.  (Original.) 

seem  best  to  regard  Beatricea  as  a  very  abnormal  t>'pe  of  the  Stro- 
matoporoids,  with  relationships  to  Labechia  and  Idiostroma:  but  the 
position  of  this  anomalous  genus  must  be  regarded  as  more  or  less 

^°Thfremaining  forms  of  the  Stromatoporoids  present  certain  strong 
resemblances  in  their  structure  to  the  existing  genus  Milkpora,  and 
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differ  from  the  types  previously  considered  in  the  fact  that  the  radial 
pillars  and  concentric  laminae  are  so  combined  with  one  another  as 
to  lose  their  distinctness  as  separate  elements,  and  to  become  fused 
with  one  another  so  as  to  form  a  continuously  reticulated  skeleton. 
Moreover,  the  skeletal  tissue  has  a  peculiar  microscopic  structure, 
beinff  minutely  porous  or  tubulated  (fig.  119,  a  and  b).  Definite 
zooidal  tubes  are  also  present,  and  these  are  crossed  by  more  or  less 


a' 


n 


D 


Fig.  iig, — A,  Tangential  section  of  Siroinato/>ora  Beutkii,  enlarged  twelve  times,  showing  the 
reticulate  skeleton  and  the  porous  skeleton-fibre ;  B,  Vertical  section  of  the  same,  similarly  en- 
larged, showing  the  tabulate  zooidal  tubes  ;  c  and  D,  Tangential  and  vertical  sections  of  Strom- 
atopora  bilchelicmis,  similarly  enlarged.    Middle  Devonian.  (Original.) 


extensively  developed  transverse  partitions  or  "tabulae"  (fig.  119, 
B  and  d).  The  type  of  this  group  is  the  genus  Stromatopora  itself, 
in  which  the  ccEnosteum  is  massive  or  laminar  and  is  usually  fur- 
nished with  an  epitheca.  The  skeleton  is  completely  reticulate,  the 
radial  pillars  and  their  connecting-processes  being  completely  fused 
with  one  another,  so  as  to  give  rise  to  a  vermiculate  tissue  traversed 
by  minute,  irregular,  tabulate  zooidal  tubes.    Very  commonly,  the 
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massive  skeleton  is  formed  of  a  series  of  thick  concentric  strata 
("latilamin^"),  each  of  which  is  made  up  of  subordinate  concentric 
"  lamina."  The  type  of  this  genus  is  the  Stroinatopora  co?icenirica 
of  Goldfuss,  a  comparatively  rare  species  in  the  Middle  Devonian 
of  Germany  and  Britain.  Upon  this  species  Goldfuss  founded  the 
genus  Stromatopora,  but  the  name  has  been  erroneously  given  to 
various  Stromatoporoids  of  quite  different  affinities.  Other  species 
of  Stroinatopora  are  found  in  the  Silurian  and  Devonian  rocks ;  and 
the  allied  genus  Stromatoporella  appears  to  be  principally  if  not 
wholly  Devonian. 

Lastly,  there  is  a  group  of  Stromatoporoids,  represented  by  genera 
such  as  Idiostroina  and  A?nphipora,  in  which  the  skeletal  tissue  re- 
sembles that  of  Stroinatopora  in  its  reticulated  character,  but  the 
coenosteum  is  cylindrical  and  often  branched,  and  is  provided  inter- 
nally with  a  comparatively  large  axial  tube  intersected  by  cross 
partitions  or  "tabulae."  The  genera  above-mentioned  are  both 
Devonian,  and  the  sole  known  species  of  Ainphipora  (viz.,  A. 
raniosa)  is  an  abundant  and  characteristic  fossil  in  the  Middle 
Devonian  of  Germany  and  Britain,  its  slender  cylindrical  stems 
occurring  in  great  abundance  in  particular  beds  in  this  formation. 

Before  leaving  the  subject  of  the  Stromatoporoids,  allusion  may  be 
made  to  the  fossils  which  have  been  described  under  the  name  of  Cauno- 
pora.  The  fossils  in  question  resemble  the  ordinary  Stromatoporoids, 
and  indeed  are  only  Stromatoporoids  of  various  species,  widi  the  pecu- 
liarity that  the  general  tissue  of  the  ccenosteum  is  traversed  by  a  number 
of  comparatively  large,  thick-walled  vertical  tubes,  which  open  on  the 
surface  by  definite  round  apertures.  These  tubes  often  spring  at  the 
base  from  horizontal  stolons,  and  are  usually  connected  here  and  there 
by  lateral  tubes  of  a  similar  structure  to  themselves  ;  they  usually,  if  not 
always,  have  funnel-shaped,  or  sometimes  horizontal,  internal  calcareous 
partitions  or  "  tabulse,"  and  they  occasionally  possess  rows  of  short 
"  septal  spines."  It  has  been  shown  that  the  same  species  of  Stromato- 
poroid  may  occur  with  or  without  these  peculiar  "  Caunopora-tubes,"  and 
there  exists  further  an  obvious  likeness  between  these  tubes  and  the 
corallites  of  such  corals  as  Aulopora  and  Syringopora.  Upon  the  whole, 
therefore,  it  may  be  regarded  as  probable,  if  not  absolutely  certain,  that 
the  fossils  usually  grouped  together  under  the  name  of  "  Caunopora  "  are 
Stromatoporoids  which  in  course  of  growth  have  enveloped  a  colony  of 
some  such  coral  as  an  Aulopora  or  Syringopora,  the  latter  not  being 
thereby  killed,  but  continuing  to  grow  and  flourish  as  a  "  commensal " 
within  the  tissues  of  the  Stromatoporoid. 

As  regards  the  zoological  affinities  of  the  Stromatoporoids,  their 
general  structure  seems  to  render  it  certain  that  they  are  referable  to 
the  Hydrozoa,  of  which  they  must  be  considered  to  form  a  special  and 
now  unrepresented  group.  Certain  forms  (such  as  Actinostroina  and 
Labechia)  show  a  decided  relationship  with  the  recent  Hydradinia : 
while  others  (such  as  Stroinatopora  itself)  are  more  closely  connected 


LITERATURE  OF  HYDROZOA. 


with  the  Hydrocorallines,  and  especially  with  Milkpora.  These  two 
aroups  of  Stromatoporoids  are,  however,  united  by  various  transi- 
tional forms,  and  they  possess  structural  peculiarities  of  sufficient 
importance  to  preclude  the  reference  of  the  entire  series  to  any  exist- 
ing division  of  the  Hydrozoa. 

As  to  their  general  geological  distribution,  the  Stromatoporoids  are 
not  certainly  known  as  occurring  out  of  the  Ordovician,  Silurian,  and 
Devonian  formations.  Very  few  forms  have  yet  been  recognised  m 
the  Ordovician  rocks,  but  the  genus  Labechia  is  well  represented  in 
strata  of  this  age.  The  aberrant  genus  Beatricea  is  also  Ordovician. 
In  the  Silurian  rocks,  Stromatoporoids  are  exceedingly  abundant, 
often  entering  largely  into  the  composition  of  the  limestones  of  this 
period.  The  predominant  Silurian  genus  is  Clathrodiciyon,  but  the 
genera  Adinostroma,  Stromatopora,  and  Labechia  are  also  represented. 
It  is,  however,  in  the  Devonian  rocks,  and  particularly  in  the  Middle 
Devonian,  that  the  Stromatoporoids  attain  their  maximum  develop- 
ment, the  group  being  represented  in  strata  of  this  age  by  numerous 
species  of  Actinostrovia,  Stromatopora,  and  Stromatoporella,  as  well 
as  by  forms  of  Idiostroma,  Amphipora,  &c.  Stromatoporoids  have 
been  said  to  occur  in  the  Carboniferous  rocks,  but  the  true  nature  of 
these  has  not  as  yet  been  satisfactorily  investigated.  There  are  also 
certain  Secondary  fossils  which,  on  further  examination,  may  prove 
to  be  referable  to  the  present  group. 
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CHAPTER  XVI. 

SUB-KINGDOM  CCELENTERA TA—cotttirmed . 

CHARACTERS,  STRUCTURE,  AND  DISTRIBUTION  OF  THE  ACTINOZOA. 

The  division  of  the  Acthiozoa  comprises  the  Sea-anemones,  the 
Corals,  and  various  allied  forms,  and  is  defined  as  including 
Ccelenterate  animals  in  which  the  mouth  opens  ijito  an  oesophageal 
tube,  which  ifi  turn  opens  below  into  the  general  cavity  of  the  body 
("  calenteric  space  ").  The  oesophagus  is  separated  from  the  body-wall 
by  an  intervetiitig  ^'■perivisceral  space"  ivhich  is  divided  into  a  series 
of  compartments  by  radiating  vertical  membranous  partitions  or 
"  mesenteries"  to  the  faces  of  ivhich  the  reproductive  organs  are 
attached. 

The  Actinozoa  differ,  therefore,  fundamentally  from  the  Hydrozoa 
in  this,  that  whereas  in  the  latter  the  space  ("  coelenteric "  space) 
included  within  the  body-walls  is  simple  and  undivided,  and  there 
is  no  proper  alimentary  tube,  in  the  former  there  is  a  distinct 
oesophagus  (fig.  120,^),  and  the  general  cavity  of  the  body  is  di- 
vided into  radial  compartments  by  vertical  membranous  plates 
("  mesenteries  "). 

The  tissues  of  the  Actinozoa  consist  of  an  external  "  ectoderm  " 
and  an  internal  "endoderm,"  between  which  is  developed  an  in- 
termediate layer  or  "  mesoderm  "  (the  "  mesogloea).  The  ectoderm 
covers  the  entire  outer  surface  of  the  organism,  and  is  prolonged 
inwards  at  the  mouth  to  form  the  lining  of  the  oesophageal  tube, 
while  the  endoderm  lines  all  the  internal  cavities  of  the  body. 
Both  the  ectoderm  and  endoderm  are  primitively  cellular,  but  both 
are  liable  to. undergo  more  or  less  differentiation,  muscular  fibres, 
nerve-cells,  thread-cells,  &c.,  being  developed  in  process  of  growth. 
The  mesoderm  is  essentially  composed  of  connective  tissue,  and 
forms  an  intermediate  layer  (the  "  Stiitz-lamelle "  of  the  Germans) 
which  gives  stability  to  the  soft  body  of  the  animal. 

The  Actinozoa  may  be  simple,  as  in  the  Sea-anemones,  the  organ- 
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ism  consisting  of  a  single  "  polype  " ;  or  they  may  be  composite,  the 
organism  being  composed  of  more  or  less  numerous  polypes  con- 
nected with  one  another  directly,  or  united  by  a  common  "  coeno- 


121), 
tube, 


sarc. 

Taking  a  simple  Actinozoon,  such  as  a  Sea-anemone  (fig. 
as  the  type  of  the  class,  the  body  is  seen  to  form  a  cylindrical 
the  walls  of  which  are 
formed  by  the  three  layers 
above  spoken  of,  enclos- 
ing an  internal  cavity 
(the  "visceral  chamber"). 
The  base  of  the  cylinder 
is  usually  completely 
closed,  and  often  forms 
a  muscular  disc  of  attach- 
ment ("  pedal  disc  "). 
The  distal  end  of  the 
cylindrical  body,  on  the 
other  hand,  is  perforated 
centrally  by  the  oval  fis- 
sure of  the  mouth,  and 
is  furnished  round  its 
margin  with  a  series  of 
hollow,  muscular  and  tac- 
tile "  tentacles."  The 
mouth  opens  into  a  mem- 
branous oesophageal  tube, 
formed  by  an  infolding 
of  the  ectoderm  and 
endoderm,  which  hangs 
down  into  the  body- 
cavity,  and  terminates  at 
some  distance  above  the 
proximal  extremity  of  the 
animal  in  a  wide  aperture  by  which  it  communicates  freely  with 
the  general  cavity  of  the  "  visceral  chamber." 

The  general  space  ("visceral  cavity")  included  within  the  body- 
walls  is  subdivided  into  radiating  compartments  by  a  series  of  ver- 
tical membranous  partitions,  which  spring  from  the  body -wall 
mternally  and  are  directed  inwards,  constituting  what  are  known 
as  the  "mesenteries."  Some  of  these  partitions — known  as  the 
"principal"  or  "primary"  mesenteries — extend  all  the  way  from 
the  body-wall  to  the  side  of  the  oesophagus  ;  and  in  the  Alcyonaria 
all  the  mesenteries  do  so.  In  most  cases,  however,  there  are  shorter 
mesenteries,  which  fall  short  of  the  gullet,  and  which  are  known  as . 

Q 


Fig.  120. — A  polype  of  Asiroides  calycularis,  a  recent 
Zoantharian,  vertically  divided,  t.  Tentacles  ;  g,  CEso- 
phagus  ;  iv,  Body-wall ;  me,  Flat  face  of  a  mesentery ;  /, 
Edge  of  a  mesentery;  sp,  One  of  the  calcareous  "septa" 
of  the  corallum,  intervening  between  the  mesenteries  ;  r, 
Reproductive  organ ;  ca,  Corallum;  co,  Columella ;  cir, 
Coenosarc.    (After  Lacaze-Duthiers.) 
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"  secondary  "  and  "  tertiary  "  mesenteries  according  to  their  relative 
length.  Below  the  level  of  the  bottom  of  the  oesophagus  the  inner 
edges  of  even  the  principal  mesenteries  are  free  (fig.  120,/);  and 
the  intermesenteric  compartments  thus  all  open  freely  into  a  com- 
mon space,  while  they  may  also  communicate  with  one  another  by 
means  of  perforations  in  their  bounding  mesenteries,  placed  near 
the  point  where  the  latter  join  the  upper  end  of  the  gullet.  Lastly, 


Fie  121  —A,  Actinia  tiiescmbryantliemuvi,  one  of  the  Sea-anemones  (after  Johnston) ;  B, 
section  of  the  same  showing  the  mouth  (a),  the  oesophagus  {b),  the  body-cavity  (c),  and  one  ol 
the  mesenteries  (;«)• 

attached  to  the  faces  of  certain  of  the  mesenteries,  towards  the 
lower  end  of  the  body,  are  the  band-like  reproductive  organs  (fig. 
120,  r). 

As  regards  the  development  of  the  mesenteries,  Lacaze-Duthiers  has 
shown  that  in  the  Aciinida;  and  in  Astr aides  the  first  step  is  the  appear- 
ance of  a  single  pair  of  mesenteries  developed  at  right  angles  to  the  oral 
fissure,  nearer  to  one  side  than  the  other,  so  as  to  divide  the  body-cavity 
into  two  unequal  chambers  (fig.  122,  i,  i).  In  the  larger  of  these  cham- 
bers appear  the  two  next  mesenteries  (2,  2),  one  on  each  side.  1  wo 
additional  mesenteries  (3,  3)  next  appear  in  the  smaller  chamber  this 
making  in  all  six  mesenteries  ;  but  this  condition  is  evanescent,  and  two 
further  septa  (4,  4)  are  developed  on  the  opposite  side  of  the  first-forniwl 
mesenteries  to  the  third  pair.  At  this  stage,  therefore,  there  are  eight 
mesenteries  in  all  (fig.  122);  but  two  further  pairs  of  mesenteries  are 
prodticeTrais^^        number  to  twelve,  and  completing  the  series  of  the 

"TcTdlrlgrSfoS-to  the  observations  of  Lacaze-Duthiers  the 
twelve  "principal"  mes'enteries  oi  Astroides  are  dev-eloped  m  six  pans 
which  are  produced  independently  and  at  separate  times ;  and  this 
rrrnnlement  seems  to  hold  good  in  the  typical  Sea-anemones.  The 
u7o  Sof  "  princ  pal"  mesenteries  which  correspond  with  the  opposite 
Ivtrem  des  of  fhe  longitudinal  mouth,  are  known  as  the  " directive" . mes- 
Ster  ^     The  t'vSve  mesenteries  which  succeed  the  twelve  pnncipal 
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mesenteries,  are  developed  in  pairs  in  the  interspaces  between  the  six 
nairs  of  the  latter,  and  additional  pairs  may  be  subsequently  developed 
in  a  similar  manner  in  cycles;  but  no  new  mesenteries  are  produced 
in  the  chambers  included  between  the  two  laminas  which  form  each 
pair  of  "principal"  mesenteries.  -c-j      j  j 

On  the  other  hand,  according  to  the  views  of  Milne-Edwards  and 
Haime,  the  mesenteries  of  the  Sea -anemones,  and  of  the  ordinary 
Zoantharian  Corals,  are  developed  in  a  primaiy  cycle  of  six,  to  which  a 
seconfl  cycle  of  six  is  soon  added.  Should  a  further  development  of 
mesenteries  take  place,  a  third  cycle  of  twelve  is  produced,  the  new 
laminjE  being  formed  simultaneously  in  the  intervals  between  those 
already  in  e.xistence ;  and  any  further  production  of  mesenteries  is 


Fig.  122. — Embryo  of  a  Sea-an- 
emone {Aciiuia  viesembrymtthc- 
mum),  in  whicli  the  first  eight  septa 
have  been  developed  (after  Lacaze- 
Duthiers).  The  numerals  indicate 
the  order  in  which  primitive  septa 
make  their  appearance. 


Fig.  123. — Calcareous  spicules 
("  dermosclerites ")  of  the  Gor- 
gonitia,  greatly  enlarged.  A,  Gor- 
gonia  radula ;  B,  Sclerogorgia 
sitberosa;  c,  MclithcEci  ochracca. 
(After  KolUker.) 


supposed  to  take  place  in  obedience  to  the  same  general  law.  So  far 
as  the  later  cycles  of  septa  in  the  Hexacoralla  are  concerned,  the  general 
law  has  been  laid  down  by  von  Koch  that  each  new  septum  is  produced 
in  the  interspace  between  two  older  ones,  and  the  septa  of  each  succes- 
sive cycle  are  produced,  approximately,  simultaneously. 

In  certain  of  the  Actinosoa,  such  as  the  Sea-anemones,  and  the 
Cfenophora,  the  body  remains  permanently  soft ;  but  most  of  the 
animals  belonging  to  this  class  produce  hard  structures,  which  vary 
much  in  different  cases,  and  are  known  by  the  general  name  of 
the  "  corallum."  The  simplest  form  of  the  corallum  is  that  of  de- 
tached microscopic  "  spicules "  of  carbonate  of  lime,  which  are 
more  or  less  largely  developed  in  the  soft  tissues,  but  do  not  unite 
with  one  another  to  form  a  coherent  skeleton.  Such  spicules  are 
of  common  occurrence  in  the  Alcyonarians,  and  their  shape  (fig. 
123)  varies  greatly  in  different  types.  They  are  most  abundantly 
developed  in  the  coenosarc,  but  may  also  be  present  in  the  walls 
of  the  polypes.  Though  usually  permanently  separate,  the  spicules 
may  become  so  far  fused  with  one  another  as  to  give  rise  to  a 
coherent  external  skeleton,  as  occurs  in  the  Organ-pipe  Corals 
\Tubipora). 
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In  other  cases,  as  in  the  Red  Coral  {Coralliutn),  the  spicules 
become  fused  so  as  to  form  a  solid  cylindrical  calcareous  axis,  which 
occupies  the  centre  of  the  ccenosarc  (fig.  124).  Such  a  coenosarcal 
axis  is  produced  independently  of  the  polypes  of  the  colony,  and 
constitutes  what  is  known  as  a  "  sclerobasic  "  corallum.  The  form 
of  the  sclerobase  or  axial  corallum  is  simple  or  branched,  in  accord- 
ance with  the  undivided  or  divided  condition  of  the  coenosarc ;  and 
its  precise  structure  is  very  variable.  In  Corallium  it  is  formed  of 
microscopic  spicula  united  by  a  general  calcareous  matrix ;  but  in 
other  cases  the  uniting  matrix  may  be  horny,  while  in  the  Aiiti- 


P' 


Fie  124  —A  portion  of  a  colony  of  Red  Coral  (Corallium  rnlrum\  longitudnially  divided, 
and  having  part  of  the  coenosarc  with  its  embedded  polypes  removed.    (After  Lacaze-Duthiers.) 
CO  Coenosarc  with  its  embedded  polypes,  its  outer  portion  traversed  by  reticulate  canals ;  s,  bclero- 
b:iic  corallum  grooved  for  the  reception  of  a  series  of  longitudinal  ccenosarcal  canals  ; 
Polypes  having  their  tentacles  (f)  protruded  ;  oc,  Gullet ;  /  p' ,  Polypes  retracted  within  the 


coenosarc. 


pathidcB  and  in  many  of  the  Gorgonidce  the  sclerobase  is  not  formed 
by  the  fusion  of  calcareous  spicules,  but  is  the  result  of  the  secretion 
of  horny  matter  in  successive  concentric  layers. 

'  In  the  great  majority  of  the  coralligenous  Adinozoa  the  corallum 
is  calcareous,  and  is  not  formed  by  the  fusion  of  definite  "  spicula," 
but  is  the  result  of  the  secretion  of  carbonate  of  lime  by  the  outer 
surface  of  the  ectoderm.  Such  a  corallum  has  been  commonly 
spoken  of  as  "  sclerodermic."  The  actual  calcareous  tissue  ("  scler- 
enchyma")  which  constitutes  an  ordinary  Madreporarian  coral  has 
a  peculiar  microscopic  structure,  appearing  as  if  formed  of  bundles 
of  minute  calcareous  fibres,  and  commonly  having  a  sub-crystalline 
character  When  these  bundles  of  fibres  are  cut  across  transversely 
/fie  12?  a)  they  give  rise  to  a  characteristic  stellate  structure,  which 
in  some 'cases  {e.g.,  Stylophora,  Pocillopora,  &c.)  is  of  a  very  regular 
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nature.  In  many  instances  the  entire  corallum  of  a  Madreporarian 
consists  of  the  ordinary  fibrous  sclerenchyma  just  alluded  to.  It  is 
not  unusual,  however,  to  find  that  in  progress  of  growth  the  original 
skeleton  becomes  thickened,  and  its  internal  cavities  more  or  less 
restricted,  by  a  deposition  of  carbonate  of  lime  of  secondary  origin. 
This  secondarily-formed  calcareous  tissue  has  been  termed  "stereo- 
plasma"  by  Lindstrom,  and  it  is  often  of  lighter  colour  than  the 
sclerenchyma  of  the  original  skeleton  (fig.  125,  b),  or  is  otherwise 
distinguishable  from  the  latter. 

An  ordinary  sclerodermic  coral  may  consist  of  a  single  cuplike 
structure  corresponding  with  a  single  polype,  or  of  several  such, 


Fig.  125. — A,  Portion  of  a  tangential  section  of  the  corallum  of  the  recent  Stylofihora  palmata, 
enlarged,  showing  the  fibro-cr>'stalline  structure  of  the  sclerenchyma.  B,  A  few  corallites  of 
Pachypora  Nicholsoni,  Freeh,  transversely  divided  and  considerably  magnified,  showing  the 
primordial  wall  (t/)  and  the  dense  lining  of  secondary  "  stereoplasma"  (j).  From  the  Middle 
Devonian  of  Gerolstein.  (Original.) 

springing  directly  from  one  another,  or  united  by  a  common  cal- 
careous tissue  ("  coenenchyma")  corresponding  with  the  coenosarc 
of  the  colony. 

A  typical  simple  sclerodermic  corallum  (fig.  126)  is  secreted  by  a 
single  polype,  and  its  structure  presents  an  obvious  correspondence 
with  that  of  the  animal  which  produces  it.  It  is  generally  more  or 
less  conical  in  shape,  or  sometimes  discoid,  and  consists  of  an  outer 
wall  and  included  space.  The  wall  corresponds  with  the  lower  part 
of  the  column  of  the  polype,  and  is  known  as  the  "  theca."  It  may 
be  very  imperfect,  or  may  be  strengthened  by  a  secondary  calcareous 
investment  ("  epitheca ").  The  theca  encloses  a  space  which  cor- 
responds with  the  lower  part  of  the  body-cavity  of  the  polype,  and 
is  known  as  the  "  visceral  chamber."  Superiorly  the  theca  termi- 
nates in  a  shallower  or  deeper,  cup-shaped  depression,  which  contains 
the  oesophagus  of  the  polype,  and  is  known  as  the  "calice."  Below 
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the  calice,  the  visceral  chamber  is  subdivided  into  a  number  of 
vertical  compartments  ("  loculi ")  by  a  series  of  upright  calcareous 
partitions  or  "  septa,"  which  spring  from  the  inner  surface  of  the 
theca,  and  are  directed  inwards  towards  the  centre.  The  septa  are 
calcifications  formed  within  the  intermesenteric  chambers  (fig.  120, 
sp),  so  that  each  septum  is  placed  between  two  mesenteries  and 
underneath  a  tentacle,  and  the  total  number  of  the  septa  is  equal 
to  that  of  the  mesenteries.  The  septa  likewise  increase  in  number 
with  the  increasing  growth  of  the  polype,  as  the  mesenteries  do; 
and,  like  the  latter,  they  vary  in  their  width,  so  that  they  are  often 
spoken  of  as  "  primary,"  "  secondary,"  and  "  tertiary"  septa. 

The  septa  of  both  recent  and  fossil  corals,  when  examined  in  cross- 
sections,  commonly  show  a  composition  out  of  two  lamellae  of  dense. 


Fie  ■Lid.—Caryophyllia  borealis.    A  simple  sclerodermic  Coral,  twice  the  natural  size. 
^  (After  Sir  Wyville  Thomson.) 

usually  light-coloured  sclerenchyma  ("  stereoplasma"),  separated  by  a 
median,  g-enerally  dark  line  (fig.  127).  ^  ,  , 

This  central  dark  line  (the  "  Primarstreif"  of  the  Germans)  has  been 
regarded  as  a  mere  line  of  calcification  ;  but  it  seems  to  be  really  a  dis- 
tinct median  lamella,  representing  the  primordial  septum,  while  the 
lateral  layers  of  stereoplasma  are  of  secondary  origin.  In  some  cases 
fas  in  Caryophyllia  borealis,  fig.  127,  a),  it  appears  that  this  central  plate 
is  itself  double,  and  it  is  probable  that  it  is  always  so  in  ongin,  even 
though  its  component  elements  become  complete  y  fused  in  process  ot 
growA.i    In  other  cases  (as  in  Heliophylbnn  and  its  allies),  the  septa 

1  Hinde  has  clearly  shown  that  the  primary  lamella  of  the  septum  is  really 
do«ble"n  the  genus  hptastrca,  and  a  somewhat  similar  structure  of  the  septa 
seems  to  obtain  in  the  recent  genus  Flaklhim. 
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appear  to  consist  principally,  or  only,  of  the  thin  primitive  central  lamella, 
nE  secondary  layer  of  stereoplasma,  or  but  a  very  imperfect  one,  being 
developed.  In  such  cases,  the  outer  wall  of  the  coral  is  also  very  thin 
ffio-  i-Ts  b)  Where  secondary  stereoplasma  is  well  developed,  the 
hfckened  outer  ends  of  the  septa  usually  become  fused  with  one  another 
so  as  to  fonn  a  more  or  less  dense  outer  investment  to  the  viscera 
chamber.  Sometimes  (as  in  Streptelasma,  fig.  127,  b),  the  external  wall 
of  the  corallum  seems  to  be  formed  wholly  by  the  thickened  outer  ends 
of  the  septa  ;  but  in  many  forms  the  primitive  theca  can  be  recognised 
in  the  substance  of  the  outer  investment  as  a  thin  dark  plate  (fig.  127,  t) 
formed  by  lateral  outgrowths  from  the  primordial  septa.  Hence  in  such 
cases  the  peripheral  ends  of  the  septa  continue  to  grow  outwards  subse- 

y  t  s'      s     St  J 


Fig.  127. — A,  Portion  of  a  cross-section  of  the  recent  Caryophyllia  lorealis,  enlarged  to  show 
the  structure  of  the  septa.  B,  A  similar  preparation  of  Streptelasma  cor-nictdum,  Ordovician, 
N.  America,  c,  A  similar  section  of  Zaplirentis  Enniskilleni,  Carboniferous,  p.  Dark  line  oc- 
cupying the  middle  of  the  septum  ;  st,  Layer  of  stereoplasma  ;  t,  Theca,  formed  by  out-growths 
from  the  outer  erwls  of  the  septa ;  j-,  Septum  of  the  first  order ;  s' ,  Septum  of  the  second  order ;  d. 
Dissepiments.  (Original.) 


quently  to  the  formation  of  the  original  theca  ;  each  septum  thus  coming 
to  consist  of  an  intrathecal  and  an  extrathecal  portion. 

In  some  corals  (as,  for  example,  in  Pholidophylluvi),  it  can  be  clearly 
shown  that  the  septa  are  made  up  of  calcareous  trabecule  or  spines 
(the  "  Vertical-leisten "  of  the  Germans),  which  are  directed  upwards 
and  inwards  towards  the  axis  of  the  corallum,  and  which  become  united 
with  one  another  directly  or  by  means  of  secondary  sclerenchyma.  In 
Heliophylliini,  Crepidophyllmn,  Phillipsastrcea,  and  other  allied  genera 
of  Palaeozoic  corals,  these  oblique  septal  trabeculae  are  greatly  developed, 
and  are  not  obscured  by  the  development  of  lateral  layers  of  stereoplasma. 
Hence  in  these  genera  cross-sections  of  the  septa  (fig.  128,  b)  exhibit 
characteristic  thickenings  or  cross-bars,  which  have  been  termed  "  car- 
inas," and  which  are  the  result  of  the  intersection  of  the  septal  spines 
just  spoken  of,  while  the  free  edges  of  the  septa  are  furnished  with 
pointed  projections  or  teeth. 
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In  many  composite  corals  calcareous  structures,  as  will  be  subse- 
quently seen,  are  commonly  developed  externally  to  the  thecse  of 
the  polypes,  constituting  what  is  known  by  the  general  name  of 
"  peritheca  "  or  "  exotheca."  In  a  simple  sclerodermic  coral,  such 
as  we  are  here  considering,  the  only  exothecal  structures  are  the  so- 
called  "costse."  These  are  vertical  ridges  on  the  exterior  of  the 
corallum,  which  correspond  with  the  septa,  and  which,  in  fact,  are 
the  exothecal  edges  of  the  septal  laminae.  In  some  cases,  however, 
we  meet  with  similar  vertical  ridges  ("rugae"  or  " pseudocostae ")  on 
the  exterior  of  the  theca  which  do  not  correspond  with  the  septa 
within,  in  many  instances  alternating  with  the  latter ;  but  the  true 
nature  of  these  is  not  clear.  The  costse,  when  present,  vary  much 
as  to  their  relative  distance  apart,  their  breadth,  their  solidity,  and 
their  ornamentation  with  tubercles,  granules,  or  teeth. 

In  the  interior  of  the  corallum  various  "  endothecal  "  structures 
may  be  developed,  all  of  which  may  be  regarded  as  essentially  pro- 
duced by  modifications  of,  or  outgrowths  from,  the  septa.    In  many 


Fig.  128.— A,  Transverse  section  of  a  simple  Zoantharian  Coral  [Caryophyllia  Bmverbanki), 
enlarged.  (After  Milne-Edwards  and  Haime.)  t,  Theca  ;  s,  One  of  the  primary  septa  ;  /,  One 
of  the  "pali."  In  the  centre  is  seen  the  irregular  "columella."  B,  Transverse  section  of  a 
Rugose  coral  {Crcpidophyllum  subciEspitosum),  enlarged  four  times  (Original),  t,  Theca ;  d, 
"  Dissepiments"  ;  s,  One  of the  first  orderof  septa  ;  s',  One  of  the  secondorder  of  septa ; /,  Fos- 
sula."    In  tiie  centre  of  the  coral  is  a  space  occupied  by  tabulae. 

corals  the  septal  laminae  themselves  are  more  or  less  rudimentary,  and 
may  be  represented  only  by  vertical  rows  of  spines  (as  in  Favosites) 
or  by  mere  longitudinal  striae  (as  in  species  of  Cystiphylhwi).  When 
the  septa  have  the  form  of  complete  calcareous  lamelte,  they  may 
terminate  internally  by  free  edges,  and  the  centre  of  the  visceral 
chamber  may  be  completely  vacant.  In  other  cases,  narrow  vertical 
plates  which  are  known  as  "  pali "  (fig.  128,  a)  are  developed  at  the 
inner  ends  of  certain  of  the  septa,  and  have  the  appearance  of  bemg 
continuations  of  the  latter,  though  detached  from  them.  When  a 
"  columella."  is  present,  the  inner  edges  of  the  pali  are  united  with 
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this  The  "columella"  is  the  general  name  given  to  certam  axial 
structures  which  are  commonly  developed  from  the  centre  of  the 
base  of  the  visceral  chamber.  The  structure  of  the  columella 
varies  in  different  cases,  but  it  extends,  typically,  from  the  floor 
of  the  visceral  chamber  to  the  bottom  of  the  calice,  mto  which 
it  projects  for  a  greater  or  less  distance ;  and  the  principal  septa  are 
often  more  or  less  closely  connected  with  it.  In  some  cases,  the 
columella  is  a  solid  calcareous  rod,  or  it  may  be  made  up  of  reticu- 
lated calcareous  tissue  (fig.  128,  a)  or  of  twisted  calcareous  fibres, 
while  in  other  instances  its  structure  is  even  more  complicated. 

Theoretically,  the  "  interseptal  loculi "  are  vacant  spaces  or  verti- 
cal compartments,  bounded  laterally  by  the  septa,  and  extending 
from  the  lower  and  lateral  surfaces  of  the  theca  to  the  floor  of  the 
calice.  In  practice,  however,  the  continuity  of  the  interseptal  loculi 
is  usually  more  or  less  interfered  with  by  the  development  of  one  or 
more  of  the  structures  known  as  "  synapticula,"  "  dissepiments,"  and 
"  tabulje."  The  "  synapticula  "  are  transverse  calcareous  bars  which 
stretch  across  the  interseptal  loculi,  perforating  the  mesenteries,  and 


form  a  sort  of  trellis-work  uniting  the  faces  of  adjacent  septa.  They 
are  specially  characteristic  of  the  Fungidce.  The  structures  known 
as  "  dissepiments  "  are  present  in  the  majority  of  corals,  and  have 
the  form  of  incomplete,  oblique  or  approximately  horizontal  plates, 
which  stretch  between  adjacent  septa,  and  break  up  the  interseptal 
loculi  into  secondary  compartments  or  cells.  Lastly,  the  "  tabulae  " 
may  be  regarded  as  highly  developed  dissepiments,  and,  like  them, 
are  approximately  horizontal,  as  a  rule  at  any  rate.  They  differ  from 
the  dissepiments  in  the  fact  that  they  cut  across  the  interseptal  loculi 
at  the  same  level.  When  fully  developed  (fig.  129,  b),  they  are 
transverse  plates,  which  extend  completely  across  the  visceral  cham- 
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ber,  and  divide  it  into  a  series  of  storeys  placed  one  above  the  other, 
the  only  living  portion  of  the  coral  being  above  the  last-formed  tabulae! 
In  some  cases,  the  tabulae  are  "incomplete,"  and  are  merely  flat 
tongue-shaped  plates  which  extend  from  the  inner  surface  of  the 
theca  transversely  into  the  visceral  chamber.  In  other  cases  (as 
in  Michelima),  the  tabulae  are  imperfect,  and  become  united  with 
one  another  so  as  to  form  a  sort  of  vesicular  tissue.  In  still  other 
cases  (as  in  Syringopord)  the  tabute  are  funnel-shaped,  and  fit  into 
one  another  from  above  downwards. 

As  regards  the  process  of  development,  the  ordinary  sclerodermic 
corallum  is  the  result  of  the  secretion  of  carbonate  of  lime  by  a  special 
layer  of  ectodermal  cells  ("  calicoblast  layer,"  fig.  1 30,  ca),  and  is  therefore 
truly  external  to  the  body  of  the  polype  by  which  it  is  pi'oduced.  If  the 
formation  of  the  corallum  be  observed  in  the  embryo  of  Astroides,  it  is 
found  that  the  first  step  is  the  secretion  of  a  ring-shaped  "  basal  plate  " 
(fig.  130,  bd)  between  the  lower  surface  of  the  polype  and  the  substance  to 
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Fig.  130. — Diagrammatic  vertical  section  oi  a  young  polype  oi  Astroides  calicularis,  showing 
the  formation  of  the  corallum,  greatly  enlarged,  ba.  Basal  plate,  produced  by  a  special  layer 
of  ectodermal  cells  (fa) ;  ep,  Lateral  wall  of  the  corallum  ;  se,  One  of  the  septa,  pushing  before 
it  a  fold  of  the  entire  body-wall ;  ec.  Ectoderm ;  eti,  Endoderm ;  me,  Mesoderm  ("  supporting 
lamella  ") ;  ntn.  Mesentery ;  oi,  Gullet.  (Slightly  altered  from  Bourne,  and  based  on  a  figure 
given  by  von  Koch.) 

which  it  has  attached  itself  The  formation  of  the  septa  is  subsequent  to 
that  of  the  basal  plate,  these  structures  appearing  as  radially-disposed 
ridges  or  folds  of  the  base  of  the  polype,  each  fold  (fig.  130,  se)  being  com- 
posed of  the  three  constituent  layers  of  the  body-wall.  The  septa  are 
thus,  like  the  basal  plate,  really  exter?ial  to  the  polype  ;  but  in  process 
of  growth  they  carry  up  with  them  the  folds  of  the  body-wall  by  which 
they  are  covered,  and  they  ultimately  come  to  project  into  the  inter- 
mesenteric  chambers,  and  to  have  all  the  appearance  of  being  internal 
structures. 

The  theca  is  not  an  independent  structure,  as  is  the  basal  plate,  but 
seems  to  be  usually  the  result  of  the  bifurcation  of  the  peripheral  ends 
of  the  septa,  and  the  lateral  fusion  of  these  (fig.  127,  .\,  f).  In  some  cases 
the  external  investment  of  the  corallum  seems  to  consist  solely  of  the 
thickened  outer  ends  of  the  septa  (as  in  Streptelasma,  fig.  127,  b)  ;  but  m 
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other  cases  there  is  present,  in  addition,  a  secondary  calcareous  mem- 
K  nn/whfrh  L  known  as  the  epitheca"  and  which  appears  to  be 
Sreted  by  the  :eflect"on  of  the  entoderm  over  the  upper  part  of  the 
Sum  The  -dissepiments^^  which  are  present  in  the  mterseptal 
corauum.     ^jj^  ^      secreted  by  the  ectodemial  cells  ("calico- 

Was  s-t;  w£t  weT  "o^-in^  in^erseptal  parts  of  the  base  of  the 

Xe"  (Bou-e).  The  sSft  parts  of  the  polype  A-;;^!-?/^ '^J^^J^ 
She  last-formed  dissepiments,  and  the  spaces  between  the  lattei  and  the 
theca  are  not  occupied  by  soft  tissues  of  any  kind. 

In  connection  with  the  preceding,  a  fevy  words  may  be  said  as  to  the 
relations  of  the  polype  to  the  corallum  which  it  secretes.    As  has  been 


Fig.  131. — Diagrammatic  vertical  section  of  Mussa  corymbosa,  showing  the  relations  of  the 
polype  to  the  corallum.  od^  Oral  disc  of  the  polype ;  cc,  CEsophagus,  with  the  free  edges  of  the 
mesenteries  seen  below  its  mferior  end;  mn.  Flat  surface  of  a  mesentery;  cc,  Ectoderm_(cross- 
shaded);  en,  Endoderm  (unshaded),  the  dark  line  between  this  and  the  ectoderm  representing  the 
mesoderm ;  ca,  Special  ectodermal  layer  ("  calicoblast  layer  ")  secreting  the  corallum  {co) ;  d.  Dis- 
sepiments; rr.  Inversion  of  the  polype  constituting  the  "  Randplatte."  (Slightly  altered  from 
Bourne.) 


seen,  the  corallum  is  of  ectoderaial  origin,  and  is  therefore  really  external 
to  the  polype.  In  process  of  growth,  however,  the  corallum  becomes 
pushed  up  into  the  polype  from  below,  so  to  speak,  and  thus  comes  to  be 
apparently  situated  within  the  polype.  What  actually  happens,  as  shown 
in  the  accompanying  diagram  (fig.  131),  is  that  the  polype  becomes  in- 
verted over  the  corallum,  so  as  to  fonn  a  layer  extej'/ial  to  the  theca, 
which  von  Heider  has  spoken  of  as  the  "  Randplatte."    Thus  a  portion 
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of  the  polype  comes  to  lie  external  to  the  theca,  while  a  portion  lies 
within  the  latter.  It  follows  from  this  that  the  general  body-cavity  or 
coelentenc  space  "  is  divided  by  the  theca  into  two  parts,  of  which  one 
IS  intrathecal,  while  the  other  is  extrathecal,  the  latter  being  divided  into 
chambers  by  mesenteries,  just  as  the  former  is.  [According  to  von  Koch 
the  originally  continuous  mesenteries  are  cut  into  two  by  the  fusion  of  the 
peripheral  ends  of  the  septa  to  form  the  theca,  each  mesentery  thus 
becoming  divided  into  an  extrathecal  and  intrathecal  portion.]  Above 
the  lip  of  the  calice,  the  extrathecal  and  intrathecal  portions  of  the  coe- 
lentenc space  communicate  with  one  another.  It  is  the  extrathecal  por- 
tion of  the  polype  which  forms  the  "  Randplatte"  (fig.  131,  r  r) ;  and  the 
so-called  "  epitheca,"  when  present,  seems  to  be  formed  "  from  the  free 
edge  of  the  soft  tissues  on  the  exterior  of  the  corallum,  as  they  retreat 
farther  and  farther  from  the  original  surface  of  attachment"  (Bourne). 
In  composite  corals  the  "coenosarc"  is  the  result  of  the  coalescence  and 
union  of  the  "  Randplatten "  of  adjacent  polypes  ;  and  the  general  cal- 
careous tissue  ("ccenenchyma")  which  unites  the  various  corallites  is 
secreted  by  the  ccenosarc.  Where  a  ccenenchyma  is  present,  the  ex- 
trathecal portions  of  the  mesenteries  are  awanting. 

The  above  gives  the  general  structure  of  a  typical  simple  sclero- 
dermic corallum,  as  secreted  by  a  single  polype.  A  componnd 
sclerodermic  corallum  is  the  aggregate  skeleton  produced  by  a  col- 
ony of  such  polypes,  and  varies  in  form  and  size  according  to  the 
characters  of  the  colony  by  which  it  is  produced.    In  general,  such 


Fig.  ■L-yi.—Astriea pallida,  a  compound  sclerodermic  Coral,  in  its  living  condition. 

(After  Dana.) 


a  colony  consists  (fig.  132)  of  a  number  of  polypes,  which  may 
spring  directly  from  one  another,  or  may  be  united  by  a  common 
flesh  or  coenosarc;  and  corresponding  elements  are  found  in  the 
corallum.  In  the  former  instance,  the  compound  corallum  con- 
sists of  an  assemblage  of  separate  "  corallites,"  as  the  skeletons  of 
the  individual  polypes  are  called,  these  being  united  with  one 
another  directly  and  in  various  ways.    In  the  latter  instance,  the 
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corallum  consists  of  a  number  of  "corallites"  together  with  a  com- 
mon calcareous  basis  or  tissue,  which  unites  the  various  coralhtes 
into  a  whole,  is  secreted  by  the  coenosarc,  and  is  known  as  the 
"  coenenchyma." 

The  corallites  of  a  composite  sclerodermic  coral  are  essentially 
similar  in  structure  to  a  simple  corallum,  such  as  has  been  previously 
described.  The  "coenenchyma"  is  the  name  given  to  all  those 
calcareous  structures  which  may  unite  the  different  corallites  with 
one  another,  and  which  is,  therefore,  of  "exothecal"  or  "peri- 
thecal "  origin  ;  and  its  nature  varies  greatly  in  different  cases.  Most 
usually,  however,  the  coenenchyma  consists  either  of  simply  porous 
or  of  compact  sclerenchyma ;  though  it  may  have  the  form  of  a 
reticulated  or  vesicular  tissue.  In  many  of  the  composite  coralla, 
the  corallites  composing  the  colony  are  also  invested  inferiorly  and 
laterally  by  a  general  calcareous  membrane  or  "  epitheca,"  which  is 
common  to  the  entire  growth. 

A  compound  corallum  is,  of  course,  primitively  simple,  and  it  becomes 
composite  either  by  budding  or  by  cleavage  of  the  original  polype,  the 
following  being  the  principal  methods  in  which  this  increase  is  effected. 

I.  Lateral  or pm-ietal gemination. — In  this  mode  of  increase  the  original 
polype  throws  out  buds  from  some  point  on  its  sides  between  the  base 


Fig.  133.— A  branch  of  the  _  recent 
Deitdropkyllia  nigrescens  showing  la- 
teral gemmation,  a,  A  corallite ;  c, 
Coenenchyma. 


Fig.  134. — Calicular  gemmation  as 
seen  in  Lonsdaleia  Jloriformh.  Car- 
boniferous. 


and  the  circle  of  tentacles,  and  these  buds,  on  becoming  perfect  coral- 
lites, may  repeat  the  process.  Commonly  the  new  corallites  tend  to 
diverge  from  one  another,  the  resulting  form  of  corallum  being  dendroid 
or  branched.  In  other  cases  the  new  corallites  grow  up  side  by  side,  and 
in  contact  with  one  another,  the  corallum  thus  becoming  massive  or 
"  astrjeiform."  Composite  corals  produced  by  lateral  gemmation  may 
have  the  corallites  directly  connected  with  one  another,  or  united  by  a 
more  or  less  copious  "  coenenchyma"  (fig.  133). 
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2.  Calicinal  or  calicular  gemmatio?i. — This  consists  in  the  production 
of  buds  from  the  cahcine  disc  of  the  parent  coraUite,  which  may  or  may 
not  continue  to  grow  thereafter,  whilst  the  new  corallites  thus  produced 
generally  repeat  the  process.  The  simplest  form  of  calicular  budding  is 
seen  in  some  of  the  Rugose  corals  (species  of  Cysttphyllttm,  Heliophyllum, 
Sic),  where  the  calicine  disc  gives  off  but  a  single  bud,  which  may  repeat 
the  process  indefinitely,  till  the  corallum  presents  the  appearance  of  a 
succession  of  inverted  cones  placed  one  above  the  other,  only  the  upper- 
most of  these  being  actually  alive.  It  is  not  clear,  however,  that  the 
phenomena  here  alluded  to  are  really  the  result  of  budding,  in  the  proper 
sense  of  the  term.  It  is  not  clear,  namely,  that  the  original  polype  pro- 
duces a  calicine  bud  which  kills  its  parent ;  and  another  explanation  of 
the  observed  facts  would  ascribe  them  rather  to  a  process  of  "  rejuven- 
escence "  on  the  part  of  a  single  polype.  On  this  view,  the  original  polype 
undergoes  periodic  contraction  and  partial  death,  only  the  central  part 
of  the  animal  retaining  its  vitahty.  Each  period  of  contraction  is,  how- 
ever, followed  by  one  of  active  growth,  and  the  coral  thus  comes  ulti- 
mately to  assume  the  form  of  a  succession  of  inverted  cones. 

In  the  more  genuine  forms  of  calicular  budding,  on  the  other  hand,  the 
form  of  the  corallum  varies  according  as  the  buds  spring  from  the  margins 
or  centres  of  the  calices,  and  as  the  new  corallites  remain  free  or  become 
united  with  another.  In  one  fonn  of  the  process,  characteristic  of  certain 
Palaeozoic  corals,  the  original  polype  throws  up  from  its  calicine  disc  one 
or  more  new  corallites,  which  kill  the  parent.  These,  in  turn,  produce 
others  after  a  similar  fashion,  till  the  entire  corallum  assumes  the  form  of 
an  inverted  pyramidal  mass  resting  upon  the  original  budding  polype 
(fig.  134). 

3.  Intermural  geimnation. — This  mode  of  budding  is  seen  in  the 
FavositidcB  and  in  other  extinct  corals,  and  consists  in  the  production  of 

new  corallites  from 

viT^T.  V/&  cine  wall  of  a  pre- 
existing coraUite,  in- 
stead of  from  the 
actual  calice  itself 
Hence  in  cross-sec- 
tions of  such  corals 
the  new  coralhtes 
appear  to  be  wedged 
in  at  the  angles  of 
junction  of  the  old 
coralhtes  (fig.  13  5,  a), 
and  it  is  not  possible 
to  detennine  from 
which  of  the  tubes  concerned  the  new  bud  has  been  given  off.  In  long 
sections,  again,  the  new  coraUite  appears  as  if  produced  by  the  sphttmg 
of  the  conjoined  wall  of  two  adjacent  coralhtes  (fig.  135,  b). 

4  Basal  or  stolonal  ^emmatio7t.—T\ns  mode  of  mcrease  is  specially 
characteristic  of  the  Alcyonarians,  though  not  confined  to  these.  In  this 
method  the  original  polype  sends  forth  from  its  base  creeping  prolonga- 
tions or  "stolons"  (fig.  136),  from  which  new  coralhtes  are  produced. 
In  other  cases  the  same  result  is  attained  by  the  budding  of  new  coral- 
lites from  a  basal  laminar  expansion.  In  either  case,  the  youngest  coral- 
lites are  necessarily  those  nearest  to  the  periphery  of  the  colony. 

5  Fission  —  Fissiparous  multiplication  commences  by  the  partial 


Fig.  135. — Transverse  and  vertical  sections  of  FavosHcs,  en- 
larged, showing  intermural  budding,  co,  A  young  coraUite. 
(Original.) 
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r       ^nr^nt  nnlvoe  the  process  of  division  commencing  with 

'5tpt,'Sr~  ^emarconnected  proximally^  The  process 
I  not  sharply  distinguishable  from  gemma- 
tion, and  the  form  of  corallum  produced  there- 
by varies  greatly  in  different  cases.  In  many 
instances  the  coralhtes  produced  by  fission 
may  be  divided  for  a  considerable  distance, 
remaining  connected  by  the  basal  portion  of 
the  original  polype  only,  the  resulting  corallum 
being  of  a  "cffispitose"  or  tufted  form,  and 
consisting  of  short  diverging  pairs  of  branches, 
of  which  each  pair  represents  the  division  ot  a 
single  corallite.  In  other  cases,  the  separation 
of  the  secondary  polypes  is  very  imperfect,  and 
the  corallum  tends  to  assume  a  massive  or 

lamellar  form.  In  such  cases  the  calices  form  coiitmuous  rows,  with 
mS-e  or  less  clearly  distinguishable  centres,  and  the  cahcme  furrows 
^Tre  often  winding  and  contorted,  as  seen  in  the  familiar  Brain-corals 

^'^irsuchTorals  as  C/tcs fetes  (fig.  I37),  the  fissiparous  development  of 
the  new  corallites  can  be  generally  recognised  in  sections  without 


Fig.  136. — A  ulofiora  serpens. 
Devonian. 


Fig.  137.— Sections  of  Cluetetes  sefitosus,  from  the  Carboniferous  rocks,  enlarged  to  show  fission 
of  the  coralUtes.  A,  Cross-section  of  a  few  corallites,  some  of  which  show  the  commencing  fission 
of  a  tube  by  the  development  of  an  internal  longitudinal  partition  (/) ;  b,  Vertical  section,  show- 
ing a  single  corallite  (c)  splitting  into  two.  (Original.) 


difficulty.  The  commencing  fission  of  a  corallite  is  marked  by  the  de- 
velopment of  an  internal  vertical  partition,  which  is  at  first  incomplete, 
and  which  therefore  appears  in  transverse  sections  as  an  inwardly  directed 
tooth-like  process  (fig.  137,  A.,p),  looking  like  a  septum.  A  correspond- 
ing partition  is  then  developed  opposite  to  the  first  one,  and  by  the 
inward  growth  and  final  junction  of  these,  the  original  tube  is  ulti- 
mately divided  into  two.  In  longitudinal  sections  (fig.  137,  b),  the  fis- 
sion of  a  corallite  is  marked  by  the  appearance  of  a  longitudinal  parti- 
tion in  the  interior  of  a  tube,  which  thus  becomes  divided  into  two — the 
two  new  corallites  being  at  first  of  small  size,  but  gradually  assuming 
their  full  dimensions. 
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As  regards  the  classification  of  the  Actinozoa,  no  arrangement  that 
has  yet  been  proposed  can  be  regarded  as  more  than  provisional, 
the  true  afiSnities  of  various  important  fossil  groups  being  still  uncer- 
tain. Usually  the  Actinozoa  have  been  divided  into  the  four  orders 
of  the  Zoaniharia,  Alcyonaria,  Cteiiophora,  and  Rugosa.  The  first 
three  of  these  divisions  are  largely  represented  by  living  forms,  and 
may  be  regarded  as  essentially  natural  groups ;  but  the  division  of 
the  Rugosa  is  certainly  unnatural,  and  cannot  be  retained  in  its  old 
sense.  With  our  present  knowledge — derived  wholly  from  the  skel- 
etal structures — it  is  not  possible  to  speak  positively  as  to  the  precise 
relationships  of  many  of  the  organisms  included  in  the  old  group  of 
the  Rugosa.  There  is  no  good  reason  for  separating  certain  of  the 
so-called  Rugose  Corals  from  existing  groups  of  the  Zoantharia 
Aporosa  ;  but  it  would  not  appear  to  be  expedient,  in  the  meanwhile 
at  any  rate,  to  refer  the  whole  of  the  Rugosa  to  the  above-mentioned 
division  of  the  Madreporarians.  The  three  principal  groups  of  the 
Rugosa — viz.,  the  Cyathophylloids,  Zaphrentoids,  and  Cystiphylloids 
— are  closely  connected  with  one  another,  and  have  certain  peculiar 
features  of  their  own.  For  the  reception  of  these,  therefore,  it  seems 
to  be  best,  provisionally  at  any  rate,  to  retain  the  general  name  of 
Rugosa,  but  to  regard  the  forms  in  question  as  constituting  a  special 
section  of  the  Madreporarians  rather  than  a  distinct  order. 

As  regards  their  general  distribution  in  space,  all  the  recent  Actin- 
ozoa are  inhabitants  of  the  sea,  and  there  is  no  reason  to  suppose  that 
any  of  the  fossil  forms  were  other  than  marine.  The  coralligenous 
forms,  generally  spoken  of  as  "Corals,"  are  partly  inhabitants  of 
deep  water,  partly  shallow-water  types  ;  and  the  latter  are  well  known 
as  giving  rise  in  warm  seas,  and  under  suitable  conditions,  to  those 
great  aggregations  of  coral  which  are  known  as  "  coral-reefs."  It  is 
not  necessary  to  consider  here  the  general  phenomena  of  existing 
coral-reefs,  or  to  enter  into  a  discussion  of  the  vexed  question  as  to 
the  laws  and  conditions  under  which  the  various  forms  of  these 
structures  are  produced.  A  few  words  may  be  said,  however,  as  to 
the  nature  of  the  materials  which  actually  form  a  recent  coral-reef, 
as  this  is  a  point  which  has  important  geological  bearings.  In  the 
first  place,  though  Corals  properly  so  called  are  the  principal  agents 
concerned  in  the  construction  of  a  coral-reef,  they  are  not  the  only 
ones,  a  very  important  part  in  the  formation  of  the  reef  being  played 
by  other  organisms  which  secrete  a  calcareous  skeleton.  Thus,  the 
materials  composing  a  coral-reef  are  largely  the  result  of  the  accumu- 
lation of  the  calcareous  skeletons  of  animals  other  than  corals,  and 
particularly  of  the  Hydrocorallines  and  the  Molluscs ;  while  the  cal- 
careous Alga  (NuUipores)  take  an  important  part  in  the  formation 
of  some  reks.  Again,  it  is  only  a  portion — chiefly  the  outer  edge — 
of  a  modern  coral-reef  which  is  actually  composed  of  living  corals, 
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growing  in  place ;  and  a  large  portion  of  all  reefs  is  formed  by  cal- 
careous deposits  of  a  fragmental  character,  which  have  been  produced 
by  the  action  of  the  sea  upon  the  reef,  and  which  are  therefore  essen- 
tially made  up  of  larger  or  smaller  pieces  of  coral  mixed  with  the 
entire  or  broken  skeletons  of  other  lime-secreting  organisms.  Lastly, 
the  materials  composing  a  coral-reef  are  liable  to  undergo  more  or 
less  extensive  secondary  changes  caused  by  the  continued  percolation 
through  them  of  water,  these  changes  being  in  the  direction  of  a  more 
or  less  complete  crystallisation  and  of  a  consequent  obliteration  of 
the  original  organic  structure  of  the  rock. 

Essentially,  therefore,  a  modern  coral-reef  is  composed,  on  the  one 
hand,  of  more  or  less  extensive  calcareous  masses  formed  by  the 
groivth  in  place  of  corals  associated  with  other  lime-secreting  organ- 
isms, and,  on  the  other  hand,  of  purely  mechanical  deposits  produced 
by  the  ivear  and  tear  of  the  preceding.  As  it  is  known  that  the  reef- 
building  corals  do  not  thrive  at  depths  greater  than  about  thirty 
fathoms,  it  is  certain  that  the  portions  of  the  reef  actually  formed  of 
corals  which  have  grown  in  place  must  have  originated  in  quite 
shallow  water.  On  the  other  hand,  the  detrital  deposits  formed  by 
the  degradation  of  the  original  reef  form  a  belt  on  the  flanks  of  the 
latter,  and  may  extend  into  comparatively  deep  water.  Moreover,  the 
portions  of  the  reef  which  are  of  mechanical  origin  may  considerably 
exceed  in  amount  those  which  are  due  to  the  direct  growth  of  the 
corals  themselves. 

The  following  are  the  more  important  kinds  of  calcareous  rocks  which 
occur  in  existing  coral-reefs  : — 

1.  "  Coral-rock"  properly  so  called,  produced  by  the  reef-corals ^r^iw/- 
ing  in  place.  Though  essentially  formed  by  the  growing  corals  them- 
selves, this  rock  is  also  largely  made  up  of  calcareous  mud  and  the 
entire  or  broken  skeletons  of  various  lime-producing  organisms  other 
than  corals,  the  interstices  between  the  corals  being  thus  completely 
filled  up.  This  is  more  especially  the  case  near  the  surface  of  the  reef, 
where  the  branching  and  reticulated  types  of  corals  (such  as  the  Madre- 
pores) chiefly  abound.  "  Coral-rock,"  produced  as  above,  is  liable  to 
undergo  secondary  changes  as  the  result  of  the  percolation  through  it  of 
water,  the  original  coralline  structure  being  thus  more  or  less  extensively 
obliterated,  and  the  rock  being  converted  into  a  compact  and  crystalline 
limestone. 

2.  " Reef-rock"  produced  by  the  action  of  the  sea  upon  the  reef,  and 
consisting  of  fragments  of  broken  coral  mixed  with  the  entire  or  broken 
remains  of  all  sorts  of  calcai'eous  organisms  other  than  corals  (Molluscs, 
Echinoderms,  Foraminifera,  Nullipores,  &c.),  the  whole  being  cemented 
together  by  a  matrix  of  crystalline  calcite.  This  matrix  is  formed  by  the 
percolation  of  water  through  the  mass,  this  leading  to  partial  solution  of 
the  fragments,  and  to  the  subseciuent  deposition  in  the  crystalline  form  of 
the  carbonate  of  lime  thus  obtained.  "  Reef-rock "  is  always  stratified, 
and  varies  in  texture,  according  to  the  size  of  the  fragments  of  which  it  is 
composed.  Usually  it  is  more  or  less  compact  and  homogeneous  ;  and 
Us  component  organic  fragments  may  be  readily  recognisable,  or  may 
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be  more  or  less  obliterated  by  secondary  ciystallisation.  In  some  cases, 
where  the  rock  is  composed  of  large  fragments  of  coral  cemented  to- 
gether by  calcareous  debris,  a  "coral-breccia"  is  produced.  A  some- 
what similar  rock  ("  boulder-rock ")  is  formed  above  the  level  of  high 
water  by  the  fragments  of  coral  which  are  heaped  up  by  the  waves,  and 
which  become  ultimately  cemented  together  by  the  action  of  the  spray. 

3.  "  Coral-mud"  formed  of  fine  calcareous  mud  derived  from  the  wear 
and  tear  of  the  reef  by  the  action  of  the  waves.  Such  deposits  are  neces- 
sarily stratified,  and  they  are  more  or  less  fine-grained,  chalk-like  in 
appearance,  and  often  friable.  Though  largely  composed  of  minute 
particles  of  carbonate  of  lime,  these  coral-muds  are  often  extensively 
made  up  of  recognisable  fragments  of  various  calcareous  organisms,  or 
of  the  minute  tests  of  F oraminifera. 

4.  "  Sand-rock^'  formed  above  high-water  mark  by  the  action  of  the 
wind.  Though  subaerial  in  origin,  the  "sand-rock"  is  stratified  ;  and  it 
is  composed  of  fine  coral  sand  cemented  together  by  the  action  of  the 
spray  of  the  sea,  or  by  the  percolation  through  it  of  rain-water. 

Coralline  limestones  have  been  formed  in  all  the  great  geological 
periods  from  the  Ordovician  onwards,  and  some  of  these  undoubtedly 
represent  ancient  coral-reefs.    In  an  old  coral-reef  we  should  expect 
to  find  the  same  two  groups  of  calcareous  rocks  as  have  been  above 
noted  as  occurring  in  modern  reefs.    We  ought,  namely,  to  meet  in 
a  fossil  reef,  on  the  one  hand,  with  limestones  formed  mainly  of 
corals  which  actually  grew  in. place,  and,  on  the  other  hand,  with 
limestones  produced  by  the  contemporaneous  degradation  of  the 
reef  and  therefore  made  up  of  the  debris  of  corals  and  other  cal- 
careous organisms.    Owing,  however,  to  the  action  of  denudation, 
it  must  be  a  matter  of  comparatively  rare  occurrence  that  both  these 
groups  of  deposits  should  be  found  occupying  their  natural  relative 
positions  at  the  existing  surface ;  and  the  rarity  of  such  an  occur- 
rence must  be  in  direct  proportion  to  the  antiquity  of  the  supposed 
reef.    In  any  case,  it  can  only  be  under  exceptional  circumstances 
that  the  original  form  of  any  ancient  coral-reef  can  have  been  so  far 
conserved  that  it  would  be  possible  to  determine  that  the  reef  was 
originally  a  "fringing  reef,"  a  "barrier,"  or  an  "atoll."     In  the 
later  Tertiary  rocks,  no  doubt,  denudation  may  have  been  com- 
paratively speaking  so  slight  that  the  original  form  of  the  reef  may 
admit  of  determination.     Even  in  the  Secondary  rocks,  however, 
the  changes  produced  by  displacements  of  the  strata  and  subse- 
quent denudation  are  so  great  that  the  original  form  of  the  reefs 
can  hardly  be  more  than  a  matter  of  inference.    In  the  still  more 
ancient  Paleozoic  deposits,  again,  the  dislocations  due  to  earth- 
movements  have  been  so  extensive,  and  the  denudation  subsequent 
to  these  has  been  so  long  continued  and  so  effective,  that  it  must 
always  be  hazardous  to  treat  the  existing  outcrops  of  coralline  Iwie- 
stones  as  representing  the  original  boundaries  of  old  coral-reefs.  Hence 
there  is  a  considerable  element  of  uncertainty  attaching  to  the  so- 
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called  "atolls"  which  have  been  described  as  occurring  in  rocks  of 
Devonian  or  Carboniferous  age.  Not  only  is  it  theoretically  im- 
probable that  an  "atoll"  of  such  high  antiquity  as  the  Devonian 
should  have  so  far  escaped  destruction  by  denudation  that  its 
original  form  should  still  be  recognisable,  but  these  supposed  atolls 
are  found  in  areas  which  can  be  proved  to  have  undergone  extensive 
disturbance.  In  such  cases,  therefore  —  as,  for  example,  in  the 
"atolls"  described  by  M.  Dupont  in  the  Devonian  limestones  of 
Belgium— it  must  be  borne  in  mind  that  the  observed  nng-like 
arrangement  of  the  limestones  may  well  be  explained  as  the  result 
of  denudation  acting  upon  a  series  of  strata  which  contain  coralline 
limestones  amongst  their  members,  and  which  have  been  folded  in  a 
complex  manner. 

Owing  to  their  peculiar  mode  of  formation,  it  is  clear  that  those  por- 
tions of  a  coral-reef  which  are  formed  by  corals  growing  m  place  must 
always  be  terminated  by  more  or  less  abrupt  boundaries  ;  and,  for  the 
reasons  above  given,  it  is  doubtful  if  the  existing  outcrops  of  any  of  the 
known  PalEeozoic  limestones  can  be  regarded  as  actually  corresponding 
with  the  edges  of  old  reefs.    Still  it  may  be  permissible  to  assert  that 
coral-reefs  existed  in  Paleozoic  time,  provided  the  term  "  reef"  be  used 
in  a  wide  sense.    There  are,  namely.  Palaeozoic  limestones  which  are 
more  or  less  largely  composed  of  corals  which  grew  in  situ,  and  these 
may  be  looked  upon  as  constituting  formations  similar  to  existing  coral- 
reefs,  though  they  are  mostly  of  small  thickness,  and  though  their  present 
outcrops  must  be  the  result  of  denudation  rather  than  of  original  ar- 
rangement.   On  the  other  hand,  very  many  of  the  coralline  limestones  of 
the  Palaeozoic  period  have  been  only  partially,  or  not  at  all,  produced  by 
corals  growing  in  place,  but  are  essentially  of  the  nature  of  "  reef-rock," 
being  mainly  composed  of  small  corals,  or  of  fragments  of  the  larger 
forms,  intermingled  with  the  debris  of  innumerable  calcareous  organisms 
of  other  kinds,  such  as  Crinoids,  Brachiopods,  Foraminifera,  &c.  The 
oldest  known  coralline  limestones  occur  in  the  Ordovician  period  ;  but 
still  more  extensive  coralline  deposits  are  found  in  the  Silurian.  The 
corals  of  these  belong  principally  to  the  Rugose  and  Perforate  divisions 
of  the  Madreporaria,  but  there  are  also  various  fomis  (such  as  the 
Heliolitidce)  belonging  to  the  Alcyonaria.     Moreover,  these  ancient 
coralline  limestones  are  largely,  often  preponderatingly,  made  up  of  the 
remains  of  Stromatoporoids,  which  are  referable  to  the  Hydrozoa,  or 
of  Monticuliporoids,  the  precise  zoological  place  of  which  is  not  ab- 
solutbly  certain.    In  the  Devonian  period  we  meet  with  vei-y  extensive 
coralline '  limestones  which,  zoologically  speaking,  are  closely  allied  to 
j  those  of  the  Silurian,  and  in  the  formation  of  which  the  Stromatoporoids 
again  play  a  very  important  part.    The  vast  coralline  limestones  of  the 
Carboniferous  period  are  mostly  characterised  by  the  occurrence  of 
Rugose  corals  {Lithostrotioii,  Loiisdaleia,  Cyathophylliim,  &c.),  along 
with  Perforate  types,  such  as  Syringoporaj  but  the  Stromatoporoids 
appear  to  be  now  wholly  wanting.    No  true  coralline  limestones  have 
hitherto  been  recognised  in  the  Permian  rocks  ;  but  towards  the  close  of 
the  Triassic  period,  true  coral-reefs  were  largely  developed  in  Western 
Europe.    Still  more  extensive  reefs  were  formed  during  Jurassic  times 
in  South-western  and  Western  Europe  and  in  Britain,  and  true  reefs  also 
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existed  in  Europe  during  the  earlier  portions  of  the  Cretaceous  period. 
In  the  earher  portion  of  the  Tertiary  period,  again,  vast  coral-reefs  were 
formed  in  Central  and  Southern  Europe,  in  Egypt,  Syria,  and  Arabia, 
and  in  parts  of  India.  In  the  later  portions  of  the  Tertiary  period,  reefs 
are  much  more  sparingly  developed  in  Eui'ope,  but  they  were  at  this  time 
formed  on  a  large  scale  in  the  warmer  regions  of  the  earth's  surface.  In 
Mesozoic,  Kainozoic,  and  recent  times  alike,  the  chief  genera  of  reef- 
building  corals  belong  to  the  families  of  the  AstrceidcB,  PoritidcE,  and 
MadreporidcE ,  though  the  Oculinida  and  Fungidce  also  contribute  to  the 
formation  of  reefs. 

With  regard,  finally,  to  the  distribution  in  time  of  the  Actinozoa, 
the  Ctenophora,  being  devoid  of  hard  parts,  are  unknown  in  the 
fossil  condition,  and  need  no  further  consideration  here.  On  the 
other  hand,  the  Zoantharia  (including  the  Rugosd)  and  the  Alcyon- 
aria  are  very  largely  represented  in  past  time,  both  sections  of  the 
class  being  represented  by  extinct  types  in  rocks  as  old  as  the  Or- 
dovician.  Speaking  generally,  the  Actinozoa  of  the  Palseozoic 
period  belong  principally  to  the  Rugose  and  Aporose  divisions  of 
the  Zaantharia  and  to  certain  abnormal  groups  of  the  Alcyonaria, 
though  the  Perforate  Zoantharia  are  by  no  means  unrepresented  in 
rocks  of  this  age.  On  the  other  hand,  the  Mesozoic  and  Kainozoic 
periods  are  characterised  by  the  predominance  of  the  Perforate  and 
Aporose  Zoantharians,  these  being  the  chief  representatives  of  the 
class  at  the  present  day. 
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CHAPTER  XVII. 

CHARACTERS  AND  DIVISIONS  OF  THE 
ZOANTHARIA. 

MADREPORARIA  APOROSA. 

From  a  palseontological  point  of  view  the  order  Zoantharia  is  not 
in  a  satisfactory  position,  since  the  only  general  definition  of  it 
which  can  be  given  is  one  based  upon  the  soft  parts,  and  therefore 
depending  mainly  upon  characters  which  cannot  be  recognised  in 
the  fossil  forms.  The  living  Zoantharians  possess  simple,  usually 
niifnerous  tentacles,  and  the  mesenteries  are  never  eight  in  number. 
The  mesenteries  typically  exhibit  a  more  or  less  clearly  recognisable 
bilateral  arrangement,  and  usually  show  a  hexameral  symmetry; 
but  some  forms  are  completely  radial,  and  the  disposition  of  the 
mesenteries  in  hexameral  cycles  is  often  departed  from.  In  the 
section  of  the  Rugose  Corals,  more  particularly,  the  symmetry  is 
t57pically  tetrameral.  A  corallum  may  be  wholly  wanting  {Actini- 
aria),  or  a  horny  sclerobasis  may  be  developed  (Antipatharia).  In 
most  Zoantharians  {Madreporaria)  there  is,  however,  a  well- devel- 
oped sclerodermic  corallum,  the  symmetry  of  which  varies  in  accord- 
ance with  that  of  the  mesenteries. 

The  general  arrangement  and  structure  of  the  soft  and  hard 
parts  of  the  Zoantharians  have  been  sufficiently  discussed  in  dealing 
with  the  Actinozoa  as  a  whole ;  but  there  are  some  points  connected 
with  the  symmetry  and  arrangement  of  the  mesenteries  which  may 
be  briefly  alluded  to  here  : — 

Hexameral  symmetry  obtains  as  a  general  rule,  though  not  uni- 
versally, in  the  Actinidce  (Sea-anemones),  Antipathida,  Madreporaria 
Perforata,  M.  Fungida,  and  M.  Aporosa ;  the  mesenteries  and 
septa  being  typically  arranged  in  cycles  of  six  pairs  each  (fig.  138). 
On  the  other  hand,  tetrameral  symmetry  is  commonly  recognisable 
in  the  Rugose  Corals,  though  in  some  of  the  forms  generally  in- 
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eluded  in  the  Rugosa  a  tetrameral  arrangement  of  the  septa  can- 
not be  clearly  made  out. 

Though  showing  a  general  radial  symmetry,  the  majority  of 
the  Zoantharians  at  the  same  time  exhibit  a  distinct  bilaterality  of 
their  parts.  This  bilateral  symmetry  is  shown  by  the  presence  at 
each  end  of  the  longitudinal  gullet  (fig.  138,  i^)  of  a  pair  of  mesen- 
teries which  differ  in  the  arrangement  of  their  muscles  from  the 
other  mesenteries,  and  which  are  known  as  the  "  directive  "  mesen- 
teries.   In  certain  of  the  Madreporarians  {e.g.,  Mussa,  Euphyllia, 


Fig.  138. — Diagram  of  a  cross-section  of  Caryo- 
phyllia,  the  soft  parts  being  unshaded  and  the 
corallum  black,  ce.  Gullet,  with  the  "directive 
mesenteries  "  (;h)  at  each  end  ;  to,  Body-wall  ; 
s.  Septum  ;  Theca.  (Slightly  altered  from  von 
Koch.) 


/ 

Fig.  139.— Floor  of  the  calice  of  a  typi- 
cal Rugose  Coral  {Zaphrentis  Enniskill- 
cni),  of  the  natural  size,  showing  distinct 
bilaterality  in  the  disposition  of  the  septa, 
y,  The  "  fossula."  From  the  Carbonifer- 
ous Limestone.  (Original.) 


and  Lophohelid)  there  are,  however,  no  "  directive  mesenteries,"  and 
in  such  forms  a  complete  radial  symmetry  obtains.  On  the  other 
hand,  in  the  typical  Rugose  Corals  very  distinct  bilateral  symmetry 
usually  obtains,  and  is  readily  recognised  by  the  general  arrange- 
ment of  the  septa,  or  by  an  exaggerated  or  reduced  development  of 
certain  of  these  structures.  In  many  Rugose  Corals  this  bilaterality 
is  rendered  specially  conspicuous  by  the  presence  of  a  shallower  or 
deeper  groove  or  pit — the  "  fossula  " — occupied  by  a  limited  num- 
ber of  septa  of  reduced  size  (fig.  139,/)-  Sometimes  more  than 
one  fossula  may  be  present,  and  the  position  of  the  pit  thus  named 
varies  in  different  types  of  the  Rugosa,  being  sometimes  dorsal, 
sometimes  ventral,  and  sometimes  lateral. 

There  seems  to  be  every  ground  for  believing  that  the  "fossula"  of 
the  Rugose  Corals  is  connected  with  the  development  of  the  reproduc- 
tive organs.  On  this  point  the  observations  which  have  been  made  by 
Moseley  on  the  anatomy  of  the  polypes  of  the  recent  genus  Scriatopora 
are  particularly  instructive.  It  has  been  shown,  namely,  that  in  Scriato- 
pora it  is  only  two  of  the  twelve  mesenteries  (viz.,  the  pair  of  ventre- 
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lateral  mesenteries)  which  ^-d^p  reproductive  o^^^^^^^^^^ 

mesenteries  are  much  longer  J^J^^^'fjt^nto  deep  conical  pits  in 

mesenteric  po^^hes  of  exxessive  depth  w  ich  Mi^^^^        P  ^^^J^^^^^^ 

the  skeleton,  bounded  by  septa  0//™'=^^^^^^^^        t^e  "fossula"  of  the 
,vith  these  observations  U  iT^y  "^^^I'^^tyv^^roph^^^  mesentery,  or  . 
Rugose  Corals  served      Jo  ge  a  speaa  noteworthy, 

unilateral. 

As  recrards  the  classification  of  the  Zoantkaria,  the  order  may  be 
divided  fnto  the  three  groups  or  sub-orders  of  the  Act^n^ana  Ant^- 
patharia,  and  Madreporaria.  The  first  of  these  comprises  the  Sea- 
Ciemones  :  and,  from  the  absence  of  a  corallum  m  these  forms,  is 
sometimes  spoken  of  under  the  name  oi  Zoantharia  malacodermata. 
The  second  group— sometimes  called  Zoantkaria  sclerobasica—com- 
prises  the  Antipathidce  or  "Black  Corals"  and  their  alhes,  m 
which  a  horny  sclerobase  is  developed.  Lastly,  the  great  series 
of  the  Madreporarians  — sometimes  spoken  of  as  the  Zoantkaria 
sclerodermata-comvx\^e,  all  the  ordinary  "Corals"  of  the  present 
day  along  with  the  extinct  group  of  the  Rugosa,  m  all  of  which  a 
well-developed  sclerodermic  corallum  is  present. 

All  the  Zoantharians  are  marine,  and  from  their  common  posses- 
sion of  a  calcareous  skeleton  they  have  been  largely  preserved  in  the 
fossil  condition.  Owing  to  their  want  of  hard  parts,  the  Sea-anem- 
ones {Actiniaria)  have  left  no  traces  of  their  past  existence,  and 
need,  therefore,  no  further  consideration  here.  The  group  of  the 
Antipatkaria  also  requires  merely  to  be  mentioned,  as  no  fossil 
forms  have  been  hitherto  identified,  the  Leiopatkes  vetusta  of  Milne- 
Edwards  and  Haime  appearing  to  be  a  Gorgonian  and  therefore 
referable  to  the  Alcyonaria.  There  remains  the  great  group  of  the 
Madreporaria,  which  is  represented  in  past  time  by  a  vast  series 
of  fossil  forms,  and  which  requires,  therefore,  a  somewhat  detailed 
examination. 


Madreporaria. 

The  group  of  the  Madreporarians  or  Zoantkaria  sclerodermata 
comprises  those  Zoantharians  in  which  a  well-developed  sclerodermic 
corallum,  which  is  not  simply  spicular,  is  present.  The  septa  of  the 
corallum  are,  typically,  arranged  according  to  either  a  hexameral  or  a 
tetrameral  system  ;  but  in  some  cases  some  other  numerical  law  may 
govern  the  disposition  of  the  septa,  and  in  other  cases  no  special 
symmetry  may  be  recognisable.  The  organism  may  be  simple,  con- 
sisting of  a  single  polype  only,  or  composite,  consisting  of  many 
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polypes  united  with  one  another  directly,  or  connected  by  a  general 
coenosarc.  ^    b  ai 

A  strictly  natural  classification  of  the  Madreporaria  has  still  to  be 
framed.  By  Milne-Edwards  and  Haime  they  were  divided  into  the 
four  sections  of  the  Aporosa,  Perforata,  Tabulaia,  and  Tubulosa  ■ 
while  these  authorities  considered  the  J?7i^osa  as  a  distinct  order 
The  section  of  the  Tal>u/a/a  ("Tabulate  Corals")  has,  however,' 
been  shown  to  be  a  miscellaneous  and  artificial  assemblage,  and  the 
types  formerly  included  in  it  have  now  found  a  place  in  theAporose 
or  Perforate  sections  of  the  order,  or  have  been  relegated  to  the 
Akjonaria.  The  section  of  the  Tubulosa,  again,  is  a  small  and 
imperfectly  understood  one,  and  the  forms  included  in  it  may  be 
temporarily  placed  in  the  Alcyonaria.  Lastly,  recent  researches  and 
discoveries  have  rendered  hardly  tenable  the  retention  of  the  Rugosa 
as  a  separate  order  of  Actinozoa  ;  though  the  true  affinities  of  many 
of  the  so-called  Rugose  Corals  are  still  very  uncertain.  In  the  present 
state  of  our  knowledge,  the  Madreporaria  may  be  divided  into  the 
four  primary  sections  of  the  Aporosa,  Rugosa,  Fungida,  and  Per- 
forata. Of  these,  the  Fungida  do  not  appear  to  have  come  into 
existence  prior  to  the  Jurassic  period ;  but  the  remaining  three  sec- 
tions were  differentiated  as  early  as  the  Ordovician  period. 


Section  I.  Madreporaria  Aporosa. 

The  division  of  the  Aporosa  comprises  those  Madreporarians  in 
which  the  corallum  is  composed  of  more  or  less  compact  and  solid 
sclerenchyma,  the  "  theca  "  or  wall  surrounding  the  visceral  chamber 
being  complete,  and  not  perforated  by  apertures  or  pores  (fig.  140). 
An  "  epitheca  "  may  be  present.  The  septa  are  well  developed,  and 
usually  have  the  form  of  solid  lamellEe,  though  they  are  in  some 
cases  more  or  less  cribriform.  The  interseptal  loculi  may  be  open 
throughout,  but  endothecal  tissue  in  the  form  of  "  dissepiments  "  is 
usually  more  or  less  largely  developed,  while  "  synapticula "  and 
"  tabulae  "  are  sometimes  present.  The  corallum  may  be  simple  or 
composite.  The  symmetry  may  be  completely  radial  {Mussa  and 
Euphyllia),  or  bilateral.  The  arrangement  of  the  septa  is  typically 
hexameral,  but  may  be  tetrameral,  pentameral,  or  otherwise  abnormal. 

It  is  difficult  to  speak  positively  as  to  the  geological  distribution  of 
the  Madreporaria  Aporosa,  owing  to  the  uncertainty  which  attaches 
to  the  precise  affinities  of  many  fossil  Corals.  There  are,  however, 
various  Paleozoic  types  which  may  most  suitably  find  a  place  here, 
the  Ordovician  genus  Cohwinaria  {Favistella)  being  apparently  the 
most  ancient  of  these.  The  Silurian  genus  Stauria,  in  spite  of  its 
tetrameral  symmetry,  may  Hkewise  be  regarded  as  an  Astrasid ;  while 
Duncanella  and  Cyathaxonia,  the  former  Silurian  and  the  latter  Car- 
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boniferous,  may  be  looked  upon  as  early  types  of  the  T urhnohdce, 
as,  perhaps,  Fetraia  and  Polycalia  may  also  be.  Professor  Duncan 
further  regards  the  Devonian  genus  Battershyia  and  the  Carboniferous 
Heterophyllia  as  representing  a  special  group  oi  Aporosa  allied  to  the 
AsirceidcB.    In  the  Secondary  and  Tertiary  deposits  the  Aporose 


Fig.  140. — Caryophyllia  {Cyaihina)  BoTverbankij  from  the  Gault  (Cretaceous).  The  left-hand 
figure  represents  a  specimen  imperfect  above,  and  enlarged,  showing  the  tuberculated  costx. 
The  right-hand  figure  is  a  magnified  cross-section,  showing  ihe  septa  and  pali.  (After  Milne- 
Edwards  and  Haime.) 

Madreporarians  are  represented  by  a  vast  number  of  types,  which 
do  not  essentially  differ  in  plan  of  structure  from  existing  forms. 

The  Madreporaria  Aporosa  are  divided  into  the  following 
families  : — 

Family  i.  TurbittolidcB. — In  this  family  the  corallum  is  generally 
simple,  or  when  compound  is  destitute  of  a  coenenchyma.  The  wall 
is  solid  and  imperforate,  and  the  septa  are  in  the  form  of  lamellae, 
often  granulated  on  their  sides.  The  interseptal  loculi  are  open  froju 
top  to  bottom,  no  endothecal  structures  in  the  form  of  dissepiments 
or  synapticulse  being  developed.  A  few  Palseozoic  Corals  (such  as 
Dimcanella  and  Cyathaxonia)  may  be  referred  here,  but  the  family 
is  mainly  Secondary  and  Tertiary. 

The  number  of  forms  included  in  the  Tu7-binolida;  is  so  large,  that  only 
a  few  of  the  leading  types  of  the  family  can  be  here  referred  to  in  the 
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briefest  way.  In  the  genus  Turbinolia  itself  (fig.  141),  the  corallum  is 
simple  and  conical,  with  a  projecting  styliform  columella,  but  without 
pali.  The  costae  are  very  prominent,  and  the  spaces 
between  them  are  marked  with  rows  of  small  dim- 
ples, which  look  like  perforations  in  the  wall,  but  do 
not  really  penetrate  to  the  visceral  chamber.  The 
genus  is  well  represented  in  the  Lower  Tertiary 
deposits,  but  is  doubtfully  recent.  In  Smilotrochus 
and  its  allies  there  is  no  columella,  and  pali  are 
rarely  present.  The  type-genus  is  Cretaceous  and 
Tertiary.  The  genus  Flabelliim  is  the  type  of 
another  group  of  the  family,  and  is  distinguished 
by  the  compressed  and  wedge-shaped  form  of  the 
corallum,  the  calice  thus  assuming  an  oval  form. 
The  structure  of  the  wall  and  septa  in  Flabellum 
is  peculiar,  but  is  not  so  different  from  that  of  the 
same  parts  in  certain  fossil  corals  of  other  groups 
as  to  justify  the  removal  of  the  genus  from  its  pres- 
ent position.  The  species  of  Flabelkim  are  all 
Tertiary  and  Recent.  In  Placotrochus  and  its  allies 
a  columella  of  a  lamellar  form  is  present,  and  there 
are  rarely  pali.  The  genus  is  Recent  and  Tertiary, 
as  also  is  the  related  genus  Sphenoirochus.  The 
genus  Trochocyathus  is  the  type  of  an  extensive 
series  of  forms,  in  which  there  is  a  fasciculate  col- 
umella, and  generally  one  or  more  cycles  of  pali. 
Trochocyathus  itself  (including  Thecocyathus)  dates 
from  the  Lias,  and  ranges  to  the  present  day.  Al- 
lied to  this  is  the  well-known  genus  Caryophyllia 
(figs.  140  and  126),  which  ranges  from  the  Creta- 
ceous period  to  the  present  day,  and  is  distinguished 
by  its  possession  of  a  trabecular  columella  and  a 
single  crown  of  pali  (fig.  128,  a). 

The  remaining  types  included  in  the  Turbinolidcs 
are  more  or  less  abnormal.  The  genus  Dasmia,  for 
example,  is  so  peculiar,  that  it  has  been  regarded 
as  the  type  of  a  separate  family  {PseudoturbinolidcE), 
the  distinctive  feature  being  that  the  septa  are  ar- 
ranged in  groups  of  three,  in  such  a  way  that  each 
septum  might  be  regarded  as  formed  by  the  coalescence  of  three  ele- 
ments. The  genus  is  Cretaceous  and  Tertiary.  The  Recent  genera 
Guynia  and  Haplophyllia^  again,  are  remarkable  in  the  fact  that  the 
symmetry  of  the  corallum  is  tetrameral,  and  they  thus  serve  to  lead  us  to 
such  ancient  types  as  the  CyathaxonicB  of  the  Carboniferous  rocks.  In 
the  true  Cyathaxonice  (as  typified  by  the  Cyathaxoiiia  cornu  of  the  Moun- 
tain Limestone)  the  corallum  is  simple  and  conical,  the  septa  havmg  a 
tetrameral  symmetry,  and  a  "fossula"  being  present.  There  is  a  promi- 
nent columella,  and  the  interseptal  loculi  appear  to  be  free  from  endo- 
thecal  structures.  As  the  presence  of  a  fossula,  and  the  fact  that  the 
septa  have  a  tetrameral  arrangement,  cannot  be  considered  as  dis- 
tinctive features,  there  would  not  appear  to  be  sufficient  ground  for 
excluding  this  genus  from  the  Aporosa.  The  Silurian  corals  which  have 
been  included  in  the  genus  Cyathaxofiia  belong,  however,  to  the  genus 
Lindstrcemia,  which  may  also  be  referable  to  this  division  of  the  Madrc- 
poraria,  though  it  will  be  here  provisionally  placed  among  the  Rugosa. 


Fig.  141. — Turbinolia 
sulcata.  The  upper  figure 
shows  the  exterior  of  the 
theca  with  the  costse. 
The  lower  figure  shows 
the  calice,  with  the  col- 
umella and  primary  and 
secondary  septa.  Eo- 
cene. 
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Another  Pateozoic  type  that  may  with  great  probability  be  included 
among^S  luMidJX  the  Silurian  genus  Duncanella.  In  th:s  genus 
(fig.  142)  the  coral- 
lum  is  simple  and 
conical,  with  a  deep 
calice,  and  a  well-de- 
veloped wall  marked 
by  costcB  and  en- 
circling strife.  The 
wall,  however,  is  de- 
ficient at  the  ex- 
treme base  of  the 
corallum,  thus  al- 
lowing the  primitive 
septa  to  protude  as 
a  little  cone  (fig. 
142,  b).  There  are 
eighteen  (sometimes 
seventeen)  septa,  the 
symmetry  of  which 
is  completely  radial, 
and  which  meet  cen- 
trally so  as  to  fonn 
a  sort  of  pseudo- 
columella(fig.  i42,c). 
The  interseptal  lo- 
culi,  as  in  the  Tur- 
binolidcE  generally, 
are  completely  open,  "tnes 

and  are  free  from  en-  r  ,      •        1  1 

dothecal  stnictures  of  any  kind,  though  the  bottom  of  the  visceral  cham- 
ber is  more  or  less  extensively  filled  up  by  a  deposit  of  stereoplasma. 

Lastly,  it  is  probable  that  the  imperfectly  understood  genera  Petrata 
and  Polyccelia,  both  of  which  are  of  Palseozoic  age,  may  ultmiately  be 
shown  to  be  aberrant  types  of  the  TurbinolidcB. 

Family  2.  Oculinida. — The  corallum  in  this  family  is  always 
composite  (fig.  143),  the  new  corallites  being  usually  produced  by 
lateral  gemmation,  and  being  united  by  an  abundant  and  compact 
coenenchyma,  the  surface  of  which  is  smooth  or  striated,  but  is  not 
echinulate.  The  wall  of  the  corallites  is  imperforate,  not  distinct 
from  the  coenenchyma,  and  the  lower  portion  of  the  visceral  cham- 
ber usually  becomes  extensively  filled  up  in  process  of  growth  by 
a  deposition  of  stereoplasma.  The  interseptal  loculi  are  usually 
open  to  the  base,  but  dissepiments  or  (as  in  Lophohelid)  tabulae  are 
occasionally  developed. 

The  Oculinidce.  appear  for  the  first  time  in  the  Jurassic  rocks 
{Euhelia,  Enallokelia,  &c.),  and  are  also  represented  in  the  Creta- 
ceous rocks  {Synhelia,  fig.  143,  Diblasus,  Baryhelia,  &c.)  In  the 
Eocene  Tertiary  we  meet  with  early  types  of  the  Recent  genus 
Oculina  itself,  with  its  arborescent  corallum  and  nearly  smooth 
coenenchyma.     The  well  -  known  living  genera  Amphihelia  and 


Fig.  Duncanella  horealis,  from  the  Silunan  of  North 

America.  A,  Side-view  of  the  corallum,  enlarged  twice  ;  E,  Base  of 
the  corallum,  enlarged,  showing  the  absence  of  the  wall  and  the  pro- 
trusion of  the  septa;  c,  Transverse  section  of  the  corallum,  en- 
larged nine  times  ;  D,  Vertical  section  of  the  corallum,  enlarged  lour 
(Original.) 


268 


ZOANTHARIA. 


Lophohelia  likewise  appear  in  the  Tertiaries,  the  former  in  the 
Eocene  and  the  latter  in  the  Miocene.  Lastly,  the  widely  dis- 
tributed Recent  genus  Stylophora  (fig.  144)  appears  as  early  as  the 
Eocene  Tertiary.  The  corallum  in  this  genus  is  readily  recognised 
by  its  granulated  coenenchyma,  the  presence  of  a  styliform  columella, 


Fig.  143. — Synhelia  Sharpcana.  Cretaceous. 


and  the  fact  that  there  are  six  fully-developed  septa,  with  an  inter- 
mediate cycle  of  six  rudimentary  septa. 

Family  3.  Pocilloporida. — The  corallum  in  this  family  is  compo- 
site, with  a  dense  coenenchyma,  the  corallites  having  their  visceral 
chambers  largely  filled  up  inferiorly  with  solid  stereoplasma  (fig.  145, 
c).    The  calices  are  oval,  and  are  definitely  oriented,  their  long  axes 

corresponding  with  that 
a  b  oi  the  branches  of  the 

corallum.  The  septa 
are  small,  twelve  in 
number,  with  a  distinct 
bilateral  arrangement. 
The  cavities  of  the  pol- 
3^es  are  placed  in  com- 
munication (as  in  the 
Alcyonarians)  by  a  net- 


work of  canals,  which 


Fig.  144. — a.  The  corallum  of  Stylophora  subreticulata, 
from  the  Miocene  Tertiary  of  Austria,  of  the  natural  size  ; 
b,  Surface  of  the  same,  enlarged.    (After  Zittel.) 

traverse  the  superficial 
region  of  the  colony.  The  mesenteries  of  the  ventro-lateral  pair 
are,  moreover,  much  longer  than  the  others,  and  are  the  only  ones 
which  carry  mesenterial  filaments,  and  which  develop  reproductive 
organs.    In  Seriafopora,  as  shown  by  Moseley,  these  two  mesen- 
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teries  correspond  with  especially  deep   mtermesenteric  pouches 
which  fit  into  deep  pits  in  the  floor  of  the  visceral  chamber.    The  e 
pi?s  are  bounded  by  septa  of  much  reduced  size,  and  may  be  fairly 
compared  with  the  "  fossula  "  of  the  Rugosa. 

This  family  comprises  only  the  two  genera  Pocillopora  and  Sena- 
topora,  both  of  which,  as  above  shown,  have  certain  very  remarkable 
characters,  and  make  a  decided  approach  to  the  Rugose  Corals  In 
Pocillopora  (fig.  145),  there  is  a  small  columella,  and  well-developed 


Fie  Id?  —A,  Portion  of  the  corallum  of  Pocillofiora  asfiera,  var.  lata,  Verrill,  of  the  natural 
size ;  B,  Part  of  the  surface  of  same,  enlarged ;  c.  Section  of  the  coralhtes  of  the  same,  showing 
the  columella,  enlarged;  d,  Vertical  section  of  the  same,  enlarged,  showing  tabulae.  (Alter 
Dana.) 


tabulse  (fig.  145,  d)  are  present.  The  genus  ranges  from  the  Mio- 
cene Tertiary.  In  Seriatopora,  on  the  other  hand,  there  is  a  large 
compact  columella,  and  only  traces  of  tabula  are  present.  No  fossil 
forms  of  this  genus  have  been  hitherto  discovered. 

Family  4.  Astraida. — In  this  large  family  of  the  Aporosa  the 
corallum  may  be  simple  or  composite.  Endothecal  tissue  in  the 
form  of  dissepiments  is  well  developed,  and  tabulse  are  present 
in  some  forms.  The  septa  are  lamellar,  their  free  edges  being 
sometimes  smooth  or  entire,  sometimes  dentated  or  ragged.  The 
increase  of  the  composite  coralla  (fig.  146)  is  effected  by  gemmation 
or  by  fission,  and  the  new  coralhtes  usually  become  united  directly 
by  their  walls  or  costse,  or  in  other  cases  by  vesicular  exothecal 
tissue,  a  solid  coenenchyma  being  rarely  developed. 

If  Columnaria  be  admitted  into  the  Astrceida,  the  family  is 
represented  as  early  as  the  Ordovician  period.  The  Silurian 
genera  Siauria  and  Acervularia  (as  typified  by  A.  ananas),  the 
Devonian  Battersbyia,  and  the  Carboniferous  Heterophyllia  may 
likewise  be  regarded  as  Palaeozoic  types  of  the  Astrceidce,  though 
all  depart  in  different  respects  from  the  ordinary  forms  of  this  family. 
Leaving  the  Pateozoic  period,  we  find  a  great  development  of 
Astrceidcs  to  take  place  towards  the  close  of  the  Trias,  where  the 
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family  is  represented  by  numerous  and  varied  types ;  a  still 
further  expansion  takes  place  in  the  Oolites ;  very  numerous 
forms  are  met  with  in  the  Cretaceous,  and  though  there  is  some 


Fig.  146. — Thecostnilia  annularis.    Coral-rag,  England. 

decrease  in  the  Tertiaries,  this  great  family  still  holds  its  ground 
as  the  most  important  group  of  the  "  reef-building "  corals. 

The  family  of  the  Astraidce  admits  of  subdivision  into  a  number  of 
minor  groups,  and  comprises  such  a  vast  number  of  forms  that  it  is 
impossible  to  do  more  here  than  to  allude  to  a  few  of  the  more  important 
types.  In  the  first  place,  there  is  a  large  series  of 
forms  {AstracE  simplices)  in  which  the  corallum  is 
simple  and  solitary.  These  simple  Astraeans  ap- 
pear under  many  generic  types  in  the  Secondary 
period,  and  have  survived  to  the  present  day. 
Well-known  genera  are  Montlivaltia  (fig.  147), 
ranging  from  the  Trias  to  the  Recent  period  ; 
Trochosmilia.,  ranging  from  the  Jurassic  to  the 
Miocene ;  and  Parasmilia,  ranging  from  the  Cre- 
taceous to  the  present  day. 

In  a  second  group  of  the  Astrasans  {Astrcece 
reptatites),  comprising  such  genera  as  Rliizangia 
and  Astrangia,  the  corallum  is  composite,  and 
consists  of  short  corallites  budded  out  from  basal 
stolons  or  expansions.  Rhizangia  is  Cretaceous 
and  Tertiary,  while  Astrangia  is  represented  in 
the  Eocene  Tertiary,  and  survives  at  the  present 
day. 

In  a  third  group  of  Astraeans  {AstrcEcs  gemmaJites)  are  comprised 
compound  forms,  in  which  the  mode  of  increase  is  "  by  gemmation  from 
the  wall  below  the  calicular  margin"  (Martin  Duncan).  In  this  group 
are  included  various  Secondary,  Tertiary,  and  Recent  corals  {Cladoco?-a, 
Sec),  and  Professor  Martin  Duncan  also  places  here  the  remarkable 


Fig.  147.  —  Moyitlival- 
tia  caryophyllata,  show- 
ing the  greatly-developed 
epitheca  covering  the 
lower  part  of  the  coral. 
Great  Oolite. 
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sept?;  bul  i^^e's  usually  a  larger  number  of  these  structures,  their 


Fi^  1.8  -HeUroihyllia  anfftdata,  from  the  Carboniferous  Limestone  °f  Northumberland 
jKtn.Io^^t  ^orallumfenlargecl  slightly    B,  Transverse  ^ction  of  he^^^^^^ 
seven  times.    C,  Longitudinal  section,  similarly  enlarged  .  t  Tabuls  ,  r  Cut  eages  01  lu  v 
(Original.) 

arrangement  being  distinctly  bilateral,  and  in  many  respects  resembling 
that  seen  in  youn|  examples  of  Zaphrentis  Some  of  the  septa  usually 
became  coalescent,  so  as  to  give  rise  to  fan-hke  groups  while  the  longer 
septa  are  continued  to  meet  in  the  centre  of  the  visceral  chamber,  ihere 
is  no  true  columella,  but  a  "fossula"  is  often  present  (fig.  148,  b)  ;  and 
the  septa  are  further  peculiar  in  so  far  that  the  wall  does  not  appear  to 


Fig.  149.— Aaj/rart  oblonga;  portion  of  a  small  polished  slab,  of  the  natural  size,  and  a  few 
calices  enlarged.    Jurassic  (Portland  Oolite). 

be  formed  by  an  extension  and  fusion  of  their  outer  ends.  Lastly,  dis- 
sepiments in  limited  number  are  present,  and  curved  "  tabulae  "  are  well 
developed  (fig.  148,  c).  The  genus  is  only  known  as  occurring  in  the 
Carboniferous  rocks  of  Britain. 

The  genus  Battcrsbyia  (with  which  the  Fascicularia  of  Dybowski  may 
be  compared)  was  founded  to  include  certain  Devonian  corals  possessing 
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a  fasciculate  corallum,  composed  of  unequally-sized  cylindrical  corallites, 
wnich  are  not  in  contact  laterally,  or  only  touch  each  other  to  a  limited 
extent.  Accordmg  to  Professor  Martin  Duncan,  the  septa  are  variable 
in  nurnber  and  size,  and  the  endothecal  tissues  consist  of  an  abundance 
of  vesicular  dissepiments  along  with  well-developed  tabute. 

In  a  fourth  group  of  Astraeans  {Astrceo'.  ccEspitosce)  the  corallum  is 
more  or  less  tufted  or  csespitose,  the  corallites  being  produced  by  fission 
from  a  common  parent,  but  having  their  terminal  portions  free.  As 
examples  of  this  large  and  well-marked  group  may  be  taken  the  recent 
Mussa,  or  such  Secondary  corals  as  Thecosmilia  (fig.  146)  and  Clado- 

phyllia,  the  former  of  these  being 
one  of  the  most  characteristic  gen- 
era of  the  Jurassic  rocks. 
^^Wt^i^Mi^^.  fifth  group  {AstrcBCB  conflu- 

^j^jH.';*,;^  ?f  *';iiV-5y;f=,^*J  entes)  we  have  a  number  of  well- 
-  -t&«--  «  *  *'  known  genera  of  Astra;ans,  in  which 

the  composite  corallum  increases 
mainly  by  fission,  this  being  so  far 
imperfect  that  the  calices  of  the  dif- 
ferent corallites  are  usually  more  or 
less  completely  confluent  with  one 
another.  Familiar  examples  of  this 
_  group  are  the  genera  Diploria  (Cre- 
W  taceous   to   Recent),  Mceandrijia 

(Jurassic  to  Recent),  EuphylHa 
(Jurassic  to  Recent),  and  Rhipi- 
dogyra  (Jurassic  and  Cretaceous). 

All  the  remaining  Astrzeans  are 
"  agglomerate  "  or  "  astrEeiform," 
consisting  of  numerous  closely  ap- 
proximated corallites,  which  may 
be  united  by  their  walls  directly  or 
by  coenenchyma,  and  which  give 
rise  by  their  union  to  massive 
coralla.  In  certain  of  the  forms 
included  in  this  group,  such  as 
Favia  (Jurassic  to  Recent),  the 
mode  of  increase  is  essentially  by 
fission.  In  others,  however,  includ- 
ing many  of  the  most  typical  forms 
of  the  entire  family,  the  mode  of 
increase  is  essentially  by  gemma- 
tion, the  new  buds  being  usually 
thrown  out  either  from  the  wall  or  from  the  calice  of  the  parent.  A  very 
large  number  of  generic  types  of  this  group  are  known,  abounding  in 
the  Secondary  and  Tertiary  periods,  and  being  extensively  represented 
at  the  present  day.  Among  the  more  familiar  genera  may  be  mentioned 
Heliastrcea,  Prionastraa,  Isasiraa  (fig.  149),  Septastrcea,  Convexastrcea, 
Plesiastrcea,  Stylina,  and  Latiinceatidra. 

Finally,  we  may  consider  here  certain  forms  of  corals  which  depart 
more  or  less  widely  from  the  ordinary  type  of  the  Astrasans,  but  which 
are  nevertheless  to  be  regarded  as  belonging  to  this  family.  The  first  of 
these  is  the  recent  genus  Merulina,  in  which  the  corallum  is  composite 
and  usually  foliaceous,  with  a  basal  plate  which  is  perforated  by  foramina 
and  slits.    In  the  possession  of  this  perforated  basal  plate  the  genus 


Fig.  150. — A,  A  small  mass  of  Holocyitis  ele- 
guns,  of  the  natural  size  ;  b,  A  few  calices  of 
the  same,  enlarged.  Cretaceous.  (After  Milne- 
Edwards  and  Haime.) 
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F,rn<rida  and  it  has  been  commonly  regarded  as  con- 

^nlT  The^e  is  a  yliform  Columella,  and  the  septa  a.-e  developed  m 
rbrefcvdes  there  befng  four  principal  septa  of  much  larger  size  than 
Se  others  The  symnfetxy  is  thus  conspicuously  tetrameral,  and  for 
Sfs  rtZon  has  generally  been  regarded  as  belongmg   o  the 

J^yS    The  visceral  chambers  of  the  corallites  are  abo  intersected  by 
these  stmctures  being  likewise  abundantly  developed  in  the 
illied  eenus  Coccophyllum  of  the  Alpine  Tnas.  j  i-i,^ 

The  Sihirian  genui  Stcmria,  which  has  been  usually  referred  to  the 
and  which  has  been  regarded  as  the  type  of 
thhpecial  family  of  the  Stauridcu,  may  also  be  regarded  as  belongmg  to 
L  iJ"siice  it  differs  from  the  typical  Astr^ans  in  ^ttle  else  than 

ts  marked  tetrameral  symmetry.    The  corallum  in  Stauna  (fig.  151)  is 


Fig.  151  — A  few  calices  of  Siauria 
astrtei/ormis,  enlarged,  showing  the 
four  primary  septa  forming  a  four- 
branched  cross.  Silurian.  (After 
Milne-Edwards  and  Haime.) 


Fig.  152. — Transverse  section  of  a  single  corallite 
of  Stauria  astrieiformis,  from  the  Silurian  of  Got- 
land, enlarged  ten  times,  v,  Primordial  wall ;  s. 
Secondary  layer  of  stereoplasma,  the  corresponding 
layer  in  the  interior  of  the  corallite  being  shaded. 
(Original.) 


composite  and  astrasiform,  increase  being  effected  by  calicular  gemma- 
tion, and  the  corallites  being  connected  directly  by  their  walls.  There 
is  no  columella,  but  there  are  four  principal  septa  which  form  a  com- 
plete cross  in  each  corallite  (fig.  152).  These  four  septa  divide  the  vis- 
ceral chamber  into  as  many  quadrants,  each  of  which  contains  three  long 
and  four  short  septa.  The  total  number  of  septa  is  thus  thirty-two,  six- 
teen long  and  sixteen  short.  The  periphery  of  the  visceral  chamber  is 
occupied  by  vesicular  dissepimental  tissue,  while  the  central  area  is 
traversed  by  horizontal  tabulte.  The  only  known  species  of  this  genus 
is  the  Stauria  astrcEiformis  of  the  Wenlock  Limestone. 

It  would  also  seem  not  improbable  that  the  Palasozoic  genus  Acer- 
vularia,  properly  so  called  (in  so  far  as  based  upon  Acovularia  ananas^ 
Linn.,  of  the  Wenlock  Limestone  of  Gotland),  will  have  to  be  placed 
among  the  Astraidce,  though  this  point  does  not  admit  of  discussion 
here.  On  the  other  hand,  many  of  the  forms  usually  referred  to  Acer- 
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viilaria  are  of  a  different  structure  to  A.  ananas^  and  are  referable  to 
the  Cyathophylloid  group  of  the  Riigosa. 

There  does  not,  further,  seem  to  be  any  sufficient  reason  for  excluding 
the  Ordovician  genus  Cohumiaria  {  =  Favistella)  irom  the  Aslrceida.  In 
this  genus  the  corallum  (fig.  153)  is  massive,  and  is  composed  of  pris- 
matic or  polygonal  coral- 
^  lites,  which  are  usually 

more  or  less  completely 
united  by  their  walls. 
The  septa  (fig.  154,  a) 
are  well  developed,  and 
are  lamellar  in  form, 
each  corallite  contain- 
ing about  thirty  of  these 
structures,  disposed  in 
two  cycles,  and  alter- 
nately long  and  short. 
The  long  septa  are  not 
of  equal  length,  one 
being  often  much  longer 
than  the  others ;  and 
they  fall  short  of  the 
centre   of  the  visceral 

chamber,  no  columella  being  present.  Endothecal  tissue  in  the  form  of 
dissepiments  is  very  imperfectly  developed,  but  numerous  tabulee  (fig. 
1 54,  b)  are  present. 

Finally,  the  remarkable  recent  genus  Moseleya  must  be  noticed 
here.    In  this  genus,  as  described  by  Mr  Quelch,  the  corallum  is 


FifT.  153- — A.  colony  oi  Colitmnaria  calicina,  Nich.,  from 
the  Hudson  River  Group  of  Canada,  of  the  natural  size. 
(Original.) 


Fie.  i?4.-Sections  of  a  corallite  of  Columnaria  calicinn,  from  the  Ordovician  of  Nor  h 
America,  enlarged  ten  times.  A,  Cross-section;  b,  Longitudinal  section.  Primordial  wall , 
^Secondary  layer  of  stereoplasma,  the  corresponding  layer  in  the  interior  of  the  corallite  being 
shaded  ;  t,  Tabula; ;  r.  Cut  edges  of  septa.  (Original.) 

composite,  the  only  known  specimen  consisting  of  a  single  large  coral- 
lite, round  which  smaller  corallites  are  produced  by  calicinal  marginal 
budding.    The  wall  is  very  thin,  with  a  slight  epitheca  ;  and  the  septa 
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are  very  numerous  and  are  arranged  in  several  cycles,  their  inner  edges 
being  dentate  and  giving  rise  superiorly  to  an  irregular  pseudo-colu- 
melk  The  septa  are  not  alternately  equal,  and  the  symmetry  appears 
to  be  completely  radial.  Endothecal  tissue  is  largely  developed,  the 
dissepiments  being  vesicular  in  the  periphery  of  the  visceral  chamber 
but  uniting  to  form  distinct  tabulae  centrally.  In  the  possession  of 
an  exterior  vesicular  zone  and  the  presence  of  a  central  tabulate  area 
the  genus  Moseleya  resembles  the  extinct  genus  Cyathophyllum  ;  and 
it  is  referred  by  Quelch  to  the  family  Cyathophyllida.  Upon  the 
strength  of  this  resemblance,  indeed,  the  authority  just  mentioned 
refers  the  Cyathophyllidce,  along  with  the  remaining  corals  usually 
grouped  under  the  head  of  Riigosa,  to  the  division  of  the  Madre- 
poraria  Aporosa.  It  is  possible  that  future  researches  may  justify 
the  merging  of  the  Rugosa  in  the  Aporosa,  but  it  does  not  appear 
in  the  meanwhile  that  there  is  sufficient  evidence  to  warrant  a  change 
so  sweeping.  Even  as  regards  the  genus  Cyathophyllum  itself  and 
its  immediate  allies,  the  resemblances  to  Moseleya  are  not  without 
noteworthy  counterbalancing  differences,  as,  for  example,  the  general 
bilateral  symmetry  of  the  former,  and  the  usual  development  of  the 
septa  in  a  pinnate  manner  along  three  principal  lines.  Still  more 
weighty,  of  course,  are  the  differences  which  separate  the  Zaphren- 
toidea  and  the  Cystiphylloidea  from  Moseleya.  Upon  the  whole, 
therefore,  as  will  be  more  fully  shown  in  what  follows,  there  ap- 
pears to  be  sufficient  ground  for  the  retention  of  the  Rugosa  as  a 
special  division  of  the  Madreporaria,  though  certain  of  the  Rugose 
corals  of  former  writers  may  well  be  placed  among  the  Aporosa. 
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ZO  A  NT  H  A  R I A — continued. 


SECTION  II.  MADREPORARIA  RUGOSA  (tETRACORALLa). 

The  corallum  in  the  Madreporaria  Rugosa  may  be  simple  or  com- 
posite, and  is  composed  of  compact,  solid  sclerenchyma,  the  theca 
being 'complete  and  imperforate.    The  septa  are  usually  well  devel- 
oped and  lamellar,  with  smooth  or  dentated  edges;  but  they  are 
sometimes  rudimentary.    The  symmetry  of  the  corallum  is  almost 
always  obviously  bilateral ;  and  the  septa  are  generally  of  two  orders, 
alternately  long  and  short.     The  septa  are,  typically,  developed 
according  to  a  tetrameral  system,  new  septa  being  produced  along 
one  median  and  two  lateral  lines,  while  a  fourth  hne  is  commonly 
marked  by  a  long  or  short  septum  or  a  fossula.   A  well-marked  septal 
"  fossula  "  is  usually  present,  and  generally  corresponds  with  a  much 
reduced  primary  septum,  but  there  may  be  three  or  four  fossute. 
Endothecal  tissue  in  the  form  of  dissepiments  is  usually  largely 
developed;  and  very  generally  the  dissepiments  unite  with  one 
another  in  the  central  portion  of  the  visceral  chamber  so  as  to 
form  well-marked  "tabulse."    The  mode  of  increase  in  the  com- 
posite coralla  is  mostly  by  lateral  or  calicular  budding,  and  a  true 
coenenchyma  is  wanting.  ,  n  j 

It  has  been  supposed  by  some  naturalists  that  the  so-called 
Rugose  corals  might  possibly  be  referable  to  the  Hy'drozoa,  and, 
at  any  rate,  that  they  are  not  truly  Madreporarian.  On  the  other 
hand  Mr  Ouelch  has  recently  abolished  the  Rugosa  as  a  distinct 
division,  and  has  united  the  corals  formerly  placed  therem  with  the 
Madrepraria  Aporosa.  Some  of  the  forms  included  in  the  o  d 
order  of  the  Rugosa  may,  as  previously  seen,  be  referred  without 
d  fficulty  to  the  Aporosa,  and  as  regards  most  of  the  others  the  view 
advocated  by  Mr  Quelch  can  be  supported  by  evidence  of  no  small 
weight  The  resemblances,  namely,  between  the  corallum  of  the 
Rugosa  and  that  of  the  Madreporana  Aporosa  are  so  numer- 
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ous  and  so  important,  that  it  is  impossible  to  miagine  that  the  coralla 
in  the  two  cases  were  secreted  by  different  methods  or  bore  dis- 
similar relations  to  the  soft  parts  of  the  animals  producing  them 
Thus,  in  both  groups  alike  the  simple  form  of  corallum  (fig.  155) 
consists  of  an  outer  wall  or  "theca,"  enclosing  a  central  space  or 
"visceral  chamber,"  which  is  ordinarily  divided  into  a  series  of 
compartments  by  vertical  partitions  or  "septa";  in  both  alike  the 
"visceral  chamber"  may  be  partitioned  off  into  storeys  by  horizontal 
plates  or  "tabute";  in  both  alike  the  .interseptal  locuh  are  liable  to 
be  more  or  less  subdivided  by  "  dissepiments  " ;  and  in  both  alike 


Fig.  155. — Morphology  of  the  Rugosa.  A,  Fragment  of  Zaphrentis  gigantea,  showing  the 
septa  (i),  with  the  sparse  dissepiments  crossing  the  interseptal  loculi,  the  epitheca  (t')i  and  the 
thin  proper  wall  (it/);  D,  Transverse  section  of  Zafhrcntis  Gucrangeri,  showing  the  septa  and 
dissepiments,  the  central  area  occupied  solely  by  the  tabula:,  and  the  "  fossula"  (/);  c,  Longi- 
tudinal section  of  the  last,  showing  the  arrangement  of  the  tabulae,  (a  is  after  Edwards  and 
Haime  ;  B  and  c  are  after  Mr  James  Thomson.) 


the  axial  rod,  known  as  the  "columella,"  may  be  developed.  In 
both  groups,  moreover,  the  corallum  is  often  composite,  and  may 
be  regarded  as  a  variously  formed  aggregate  of  "  corallites,"  each 
of  these  subordinate  elements  of  the  colony  being  essentially  similar 
in  structure  to  the  typical  simple  corallum. 

In  spite  of  the  above-mentioned  general  resemblances,  it  will 
be  found,  however,  that  the  central  and  most  typical  group  of  the 
old  order  Rugosa — viz.,  the  group  of  the  Zaphrentoid  corals — is 
separated  from  the  division  of  the  Madreporaria  Aporosa  by  im- 
portant morphological  and  developmental  characters.  But  the 
Zaphrentoids  are  very  intimately  connected  by  many  intermediate 
links  with  the  Cyathophylloidea,  the  group  of  Rugosa  which  most 
nearly  approaches  the  Astrccidce.   The  Cyathophylloids,  again,  have  a 
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close  connection  with  the  typical  Cystiphylloidea,  and,  through  these," 
with  the  most  abnormal  of  all  the  forms  included  in  the  Rugosa 
(viz.,  Calceola  and  its  allies).  Upon  the  whole,  therefore,  in  the  present 
condition  of  our  knowledge,  it  seems  best  to  retain  the  name  Rugosa 
for  the  three  groups  of  the  Zaphrentoid,  Cyathophylloid,  and  Cysti- 
phylloid  corals,  and  to  regard  these  as  constituting  a  special  division 
of  the  Madreporaria. 

While  the  corallum  of  the  Rugosa,  as  above  limited,  is  in  general 
structure  quite  similar  to  that  of  the  Madreporaria  Aporosa,  it  pos- 
sesses certain  special  peculiarities,  which  must  be  briefly  noticed  here. 
The  structure  of  the  theca  or  wall  of  the  corallum  in  the  Rugosa  is 
generally  in  agreement  with  that  of  the  Aporosa,  the  outer  invest- 
ment of  the  visceral  chamber  being  formed  by  the  coalescence  of 
lateral  outgrowths  from  the  peripheral  margins  of  the  septa,  as  seen, 
for  example,  in  Zaphrentis  (fig.  127,  c).    In  other  cases  (as  in  Helio- 
phyllum  and  Crepidophyllum),  the  septa  appear  to  end  abruptly  in 
the  wall,  which  is  very  thin,  and  seems  to  be  developed  indepen- 
dently of  the  septa.    In  Streptelasma,  again,  a  dense  false  wall  is 
formed  by  the  junction  of  the  much-thickened  outer  ends  of  the 
septa  (fig.  127,  b).    a  true  "epitheca"  has  been  very  commonly 
described  as  present  in  the  simple  Rugose  Corals,  but  it  is  very  diffi- 
cult to  demonstrate  the  existence  of  this  in  microscopic  sections,  as 
a  structure  distinct  from  the  true  wall,  and  it  seems  probable  that 
what  has  been  generally  called  the  "epitheca"  is  in  many  cases 
really  the  "  theca."    In  certain  of  the  compound  Rugose  Corals,  on 
the  other  hand,  there  exists  a  general  epitheca  enclosing  the  entire 
colony  inferiorly.    As  regards  their  internal  structure,  the  septa  are 
usually  composed,  as  in  the  Aporosa  generally,  of  a  median  plate 
("  primordial  septum  ")  bounded  on  both  sides  by  a  layer  of  dense 
secondary  sclerenchyma  or  "  stereoplasma."    In  some  cases,  as  in 
Pholidophyllum,  the  septa  can  be  shown  to  be  formed  by  the  coal- 
escence of  obliquely  directed  calcareous  trabeculas,  the  free  ends  of 
which  project  at  the  inner  margins  of  the  septa.    In  Heliophyllum 
and  its  allies,  the  septa  are  thin,  and  are  either  unthickened  by 
secondary  stereoplasma,  or  have  only  a  very  thin  layer  of  this  sub- 
stance on  the  sides  of  the  primordial  septum.    In  these  cases  the 
oblique  trabeculse  ("  Septaldornen  "  of  the  Germans)  above  spoken  of 
are  greatly  developed,  and  give  rise  to  the  peculiar  structures  known 
as  "  carina,"  which  will  be  more  fully  considered  later  on. 

The  most  important  features  in  the  structure  of  the  corallum  of 
the  Rugosa  are,  however,  connected  with  the  arrangement  and  mode 
of  development  of  the  septa.  The  most  obvious  of  the  peculiarities 
of  a  typical  Rugose  coral  is  the  conspicuously  bilateral  disposition 
of  its  parts  (see  fig.  139).  The  causes  of  this  bilaterality  will  be  best 
understood  by  a  consideration  of  the  structure  of  a  simple  Rugose 
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coral  such  as  Streptelasma  cornicuhim  or  Omphyma  subturbtfiata. 
Froni  an  investigation  of  such  types  it  was  shown  by  Kunth  that 
,  the  symmetry  of  the  corallum  is  tetrameral,  and  is  governed  by  four, 
principal  septa  placed  at  right  angles  to  one  another.  The  bilater- 
ality  of  the  corallum  depends  upon  the  mode  m  which  new  septa  are 
developed  in  relation  to  three  out  of  these  four  principal  septa.  The 
most  important  of  the  three  principal  septa  in  question  is  placed 
along  the  convex  (or  "  dorsal ")  side  of  the  corallum,  and  new  septa 
are  developed  on  both  sides  of  this  in  a  pinnate  or  feather-like 
manner  (fig.  156,  a).  This  dorsal  median  septum  may  be  longer  or 
shorter  than  the  other  septa,  or  of  normal  size,  and  it  may  be  con- 


Fig.  156.— A,  Strcftclasma.  comkulum,  viewed  from  its  convex  (or  "dorsal")  side,  showing 
the  intercalation  of  new  septa  on  both  sides  of  the  "cardinal  septum"  (/;),  of  the  natural  size. 
B,  Side-view  of  the  same  specimen,  showing  the  development  of  new  sejjta  on  one  side  of  one  of  the 
"  alar  "  septa  (s).    From  the  Ordovician  rocks  of  North  America.  (Original.) 


veniently  spoken  of  as  the  "  cardinal  septum  "  (the  "  Hauptseptum  " 
of  Kunth).  The  septa  produced  on  the  two  sides  of  Jhe  "cardinal 
septum  "  gradually  get  less  and  less  oblique  to  the  latter,  till  we  reach 
two  septa  placed  laterally,  at  right  angles  to  the  "  cardinal  septum," 
which  may  be  spoken  of  as  the  "alar"  septa  (the  " Seitensepta "  of 
Kunth).  On  the  ventral  side  of  each  alar  septum — i.e.,  on  the  side 
furthest  removed  from  the  "  cardinal  septum  " — new  septa  are  devel- 
oped in  an  oblique  manner  (fig.  156,  b,  s).  The  remaining  septum 
of  the  quartette  of  principal  septa  is  placed  in  the  middle  line  on  the 
concave  (or  "  ventral ")  side  of  the  corallum,  and  it  does  not  serve 
as  a  starting-point  for  the  development  of  new  septa,  and  therefore 
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does  not  show  any  feather-like  disposition  of  the  septa  on  its  sides. 
It  may  be  longer  or  shorter  than  the  others,  and  may  be  spoken  of 
as  the  "  counter  "  septum  (the  "  Gegenseptum  "  of  Kunth). 

Hence,  the  surface  of  the  theca  of  a  simple  Rugose  coral  such  as 
Streptelasma  cornicuhmi  is  marked  out  by  these  four  principal  septa 
into  as  many  quadrants,  as  shown  in  the  annexed  sketch  (fig.  157) 
of  a  specimen  of  this  coral,  viewed  from  the  base,  and  therefore 
greatly  foreshortened.  Thus  the  dorsal  or  convex  side  is  divided 
into  two  "  cardinal "  quadrants,  occupied  by  the  pinnately  developed 
septa  which  flank  the  "cardinal  septum"  (fig.  157,         The  two 


Fig.  157. — Plan  of  the  septa  in  a  speci- 
men of  Streptelasma  cornicitluviy  viewed 
from  below,  the  radiating  lines  indicating 
the  peripheral  margins  of  the  septa  as  ap- 
pearing on  the  surface  of  the  corallum. 

The  "cardinal  septum";  Ji,  The 
"  alar"  septa  ;  g.  The  "counter  septum." 
(After  Kunth.) 


Fig.  158.  —  Transverse  section  of 
Pakeocycliis porfita,  from  the  Silurian 
of  Gotland,  enlarged  three  times. 
//,  "Cardinal"  septum,  contained  in 
the  fossula;  j^,  "Alar"  septa;  g, 
"Counter"  septum.  In  the  section 
figured  there  are  only  forty  septa,  but 
there  are  usually  forty-four,  twenty- 
two  long  and  twenty  -  two  short 
(Original.) 


"  counter  "  quadrants,  on  the  other  hand,  are  occupied  by  the  septa 
developed  along  the  ventral  side  of  the  "alar"  septa  (fig.  157,  ss\ 
and  they  merge  with  one  another  in  the  mesial  ventral  line,  owing 
to  the  fact  that  the  "  counter  septum  "  {g)  is  not  a  source  for  the 
development  of  new  septa.  It  follows  from  the  above  that  an  inspec- 
tion of  the  surface  of  a  well-preserved  example  of  Streptelasma  cor- 
niculum  or  Omphyma  subturbitiata  enables  us  to  recognise  by  the 
disposition  of  the  septa  the  position  of  the  "  cardinal "  and  "  alar  " 
septa,  but  that  the  "  counter  septum  "  cannot  be  thus  recognised. 

It  was  further  pointed  out  by  Kunth  that  though  the  four  principal 
septa  above  spoken  of  divide  the  corallum  into  four  quadrants,  it  does 
not  necessarily  follow  that  these  contain  the  same  number  of  septa 
each.  On  the  contrary,  it  is  not  unusual  to  find  that  the  "  counter 
quadrants"  contain  conjointly  a  greater  number  of  septa  than  do  the 
two  "  cardinal  quadrants." 
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Thus  in  Palaocyclus  forpita  (fig.  158),  *e  "umber  of  sep^a  in  each 
quadrant  is  sometimes  the  same-namely,  "'"^-^^^^"f^O^'^^.^f  .^^^^^ 

each. 

The  peculiar  arrangement  of  the  septa  above  indicated  can  be 
recognised  in  a  large  number  of  the  simple  Rugose  corals  by  a 
mere  inspection  of  the  surface  of  well-preserved  examples.  Where 
the  surface  is  badly  preserved,  and  the  observer  has  to  rely  upon 
thin  sections,  the  "cardinal"  and  "counter"  septa  can  usually 
be  readily  recognised,  but  it  is  often  a  matter  of  difficulty  to  deter- 
mine the  "alar"  septa.  In  some  of  the  most  completely  radial 
forms— as  in  some  species  of  Cyathophyllum—\\^&  position  of  the 
four  principal  septa  may  cease  to  be  recognisable  in  transverse 
sections  of  the  corallum.  Lastly,  in  cases  where  the  septa  are  rudi- 
mentary—as  in  the  Cystiphylloids  generally— it  may  be  impossible 
to  demonstrate  the  tetrameral  arrangement  of  the  septa,  though  m 
other  cases  (as  in  Goniophyllum)  no  such  difficulty  obtains. 

As  regards  the  relative  length  of  the  septa,  the  most  usual  arrange- 
ment is  to  find  that  the  septa  are  alternately  equal  (approximately 
equal,  that  is  to  say) ;  so  that  the  septa  consist  of  a  long  series  and 
a  short  series  alternating  with  one  another.  Hence,  the  septa  are 
often  said  to  be  of  two  "  orders,"  but  the  septa  of  each  order  are 
by  no  means  always  quite  equal  in  length,  nor  is  it  to  be  supposed 
that  the  septa  of  each  order  were  simultaneously  developed. 

In  a  great  many  of  the  Riigosa,  the  bilaterality  of  the  corallum  is 
especially  marked  by  the  unequal  development,  as  regards  length,  of  the 
"  cardinal"  and  "  counter"  septum,  one  or  other  of  which  usually  occupies 
the  so-called  "fossula."  The  "fossula"  or  "fossette"  (fig.  139),  as  pre- 
viously explained  (see  p.  262),  is  a  more  or  less  conspicuous  groove  or 
depression  in  the  calice,  due  to  a  reduction  in  size  of  the  septa  at  that 
point,  necessitated,  in  all  probability,  by  the  existence  in  the  living  polype 
of  one  or  more  hypertrophied  mesenteries  carrying  the  reproductive 
organs.  As  a  rule,  there  is  only  one  "  fossula,"  which  may  be  median  or 
lateral  in  position,  the  latter  being,  however,  very  unusual.  Sometimes 
there  are  three  fossute,  one  median,  and  two  lateral ;  while  in  other  cases 
{e.g.,  Oviphyvia)  there  are  four  of  these  calicine  grooves,  two  median,  and 
two  lateral.  In  this  last  case  (fig.  159,  a),  the  four  fundamental  septa 
occupy  the  four  fossulte,  the  cardinal  septum  being  the  best  developed. 
In  the  much  more  common  case  of  there  being  only  a  single  inedian 
fossula,  this  is  almost  always  related  to  either  the  "cardinal"  or  the 
"  counter"  septum.  The  most  usual  arrangement  is  for  the  fossula  to  be 
placed  on  the  convex  (or  "  dorsal ")  side  of  the  simple  coralla,  in  which 
case  it  is  intersected  mesially  by  the  "  cardinal  septum,"  which  is  then 
much  reduced  in  size.  This  disposition  of  parts  occurs  in  PalcEOcyclus 
porpita  (fig.  158),  in  the  genus  Strepieiasma,  and  in  most  of  the  species 
usually  referred  to  Zaphrentis.  Sometimes,  as  in  Lophophyllum,  the 
"  cardinal "  septum  is  very  short,  and  occupies  the  dorsally-placed  fossula. 
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while  the  "  counter"  septum  is  especially  long.  On  the  other  hand,  the 
fossula  may  be  placed  on  the  concave  (or  "  ventral ")  side  of  the  simple 
coralla,  as  in  some  of  the  species  generally  placed  in  Zaphrcniis  {e.g., 
m  Zaphretttis  Ettniskilletti,  fig.  139).  In  this  case  the  fossula  is  inter- 
sected by  the  "counter"  septum,  which  is  reduced  in  size,  or  may  be 
altogether  rudimentary  or  obsolete  ;  while  the  "  cardinal "  septum  may 
have  its  normal  dimensions,  or  may  be  specially  developed.  In  rare 
cases  the  fossula  (when  single)  is  lateral  in  position,  and  is  occupied  by 
one  of  the  "  alar  "  septa. 

The  interseptal  loculi  in  the  Rugose  corals  are  generally  more  or 
less  largely  occupied  by  endothecal  tissue  in  the  form  of  dissepi- 
ments and  tabulae,  both  these  structures  being  usually  conjoined. 
The  dissepiments  are  principally  developed  in  the  peripheral  area 
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Fig.  159. — Structure  of  Omphyjiia  subturbinata^  from  the  Silurian  of  Britain.  A,  Transverse 
section,  enlarged  slightly,  showing  the  four  fossulte,  the  arrangement  of  the  septa,  and  the  large 
central  area  occupied  by  the  tabulje  :  h.  Cardinal  septum  ;  «,  Alar  septa  ;  ^,  Counter  septum.  B, 
Longitudinal  section,  slightly  enlarged:  Peripheral  zone  of  vesicular  dissepimental  tissue;  t. 
Tabulae.  (Original.) 

of  the  visceral  chamber,  and  have  the  form  of  curved  calcareous 
plates  directed  obliquely  from  one  septum  to  the  next  one.  In 
transverse  sections  (fig.  159,  a)  the  cut  edges  of  the  dissepiments 
appear  as  transverse  lines  passing  directly  or  in  a  curved  manner 
across  the  interseptal  loculi,  and  connecting  together  adjacent 
septa.  In  longitudinal  sections  (fig.  159,  b)  the  dissepiments  are 
usually  seen  to  give  rise  to  an  outer  zone  of  lenticular  vesicles  {e) 
which  are  directed  obliquely  inwards  and  downwards  from  the  in- 
ternal surface  of  the  wall  towards  the  centre  of  the  visceral  chamber. 
In  the  central  region  of  the  corallum  the  dissepiments  become  more 
nearly  horizontal  and  are  developed  in  adjacent  interseptal  loculi  at 
the  same  level,  their  coalescence  giving  rise  to  the  flat  or  curved 
transverse  partitions  which  are  known  as  "tabulce"  (fig.  159,  b,  t). 
The  central  tabulate  area  of  the  visceral  chamber  varies  much  in 
extent,  but  is  best  developed  in  those  types  (such  as  Amplexus, 
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Omphyna,  Campophylhm,  &c.)  in  which  the  septa  are  short  and  do 
not  extend  far  from  the  wall  inwards. 

The  development  of  the  peripheral  zone  of  vesicular  dissepimental 

an?in  tre?)Sw^^^^^  ^-e'rally,  though  considerably  reduced 
fn  such  typefas  o  Jphyma  and  Campophyllum  In  Z^;^^m.^..  and  the 
Zaohrentold  corals  in  general  the  dissepimental  vesicular  zone  is  greatly 
reduced  and^^^^^^^  practically  absent,  the  central  tabulate  area  being 
Seatly  developed.  On  the  other  hand,  in  CystiphyUum  and  its  imme- 
diate allies  the  central  tabulate  area  is  invaded  by  the  dissepiments,  and 
the  entire  visceral  chamber  becomes  filled  with  a  vesicular  tissue,  the 
central  cells  of  which  are  usually  of  comparatively  large  ^i^e,  and  repre- 
sent tabulae.  In  Palaocyclus  forpita,  and  in  some  very  flat  discoid 
types  (such  as  Microcyclus\  the  depth  of  the  visceral  chamber  is  in- 
sufficient to  permit  of  the  development  of  dissepiments  or  tabute.  1  hese 
structures  are  likewise  obsolete  in  the  aberrant  genus  Calceola;  while 
they  are  very  imperfectly  developed  in  the  genus  Lindstramia  o^vm% 
to  the  fact  that  the  lower  part  of  the  visceral  chamber  becomes  filled  by 
secondary  stereoplasma. 

As  regards  exothecal  structures,  the  corallum  of  the  Rugose  corals 
generally  exhibits  externally  more  or  less  conspicuous  vertical  ridges, 
which  are  spoken  of  as  "  rugs,"  and  which  are  separated  by  inter- 
vening depressions  or  grooves.  In  some  cases,  these  longitudinal 
ridges  may  correspond  with  the  outer  edges  of  the  septa  within,  and 
may  thus  resemble  the  structures  known  in  the  Aporose  corals  as 
"  cost^."  In  most  cases,  however,  the  ridges  correspond  with  the 
interseptal  loculi,  and  thus  alternate  with  the  septa.  In  some  cases 
(e.g.,  in  Pholidophyllu77i)  Lindstrom  has  described  the  vertical  ridges 
as  carrying  rows  of  minute,  overlapping,  calcareous  plates  or  scales. 
Other  superficial  exothecal  structures  are  occasionally  developed 
in  Rugose  corals,  such  as  the  surface-tubercles  of  some  species  of 
Zaphrentis,  the  root-like  processes  of  attachment  of  Omphy?na,  &c., 
and.  the  connecting-processes  which  unite  adjacent  corallites  in  Eri- 
dophyllum.  The  remarkable  opercular  plates  of  such  genera  as 
Goniophyllum  and  Calceola  must  also  be  regarded  as  of  an  exothecal 
nature.  It  must  be  regarded  as  doubtful,  however,  if  anything 
which  can  properly  be  described  as  a  "  coenenchyma  "  is  developed 
in  any  composite  Rugose  coral.  In  such  types,  the  corallites  may 
remain  isolated  except  at  their  point  of  origin  from  the  colony ;  or, 
if  in  contact,  they  may  either  be  united  by  the  fusion  of  their  walls, 
or  the  walls  may  be  absent  and  the  corallites  are  united  to  one 
another  by  the  extension  and  confluence  of  their  septa,  as  seen,  for 
example,  in  the  genus  Fhillipsasircea  (fig.  160). 

As  regards  their  classification,  the  Rugosa  are  here  considered  as  a 
mere  section  of  the  Madreporaria,  instead  of  as  a  distinct  order  of 
Corals,  and  the  signification  of  the  name  has  been  considerably 


284 


ZOANTIIARIA. 


narrowed  by  the  removal  to  the  Aporosa  of  various  types  originally 
referred  to  this  group.  Thus,  the  Palaeozoic  genera  Stauria  and 
Cyathaxojiia,  previously  generally  placed  among  the  JHugosa,  are  here 
relegated  to  the  Aporosa,  while  Professor  Martin  Duncan  has  been 
followed  in  the  reference  to  the  same  group  of  the  Secondary  genus 
Holocystis,  the  Tertiary  Conosmilia,  and  the  recent  Haplophyllia  and 
Guynia.  As  thus  limited,  the  Rugosa  constitute  a  moderately  natural 
assemblage  of  forms,  which  may  be  subdivided  into  three  main 


Fig.  i6o. — Phillipsastrcea  Vertienilli.    From  the  Devonian  (Corniferous  Limestone) 
of  N.  America.    (After  Billings.) 

sections,  which  are  typified  respectively  by  the  genera  Cyathophyl- 
lum,  Zaphrentis,  and  Cysiiphyllum,  and  which  may  therefore  be 
spoken  of  as  the  Cyathophylloidea,  Zaphrentoidea,  and  Cystiphyl- 
loidea}  As  regards  their  distribution  in  time,  all  these  groups  are 
confined,  so  far  as  at  present  certainly  known,  to  the  Palaeozoic 
period,  and  their  characters  and  principal  types  will  now  be  briefly 
considered. 

I.  Cyathophylloidea. 

The  section  of  the  Cyathophylloidea  comprises  those  Rugosa  in 
which  the  peripheral  region  of  the  visceral  chamber  is  more  or  less 
extensively  occupied  by  vesicular  dissepimental  tissue,  the  lenticular 
cells  of  which  are  directed  obliquely  inwards  and  downwards,  their 
convex  sides  being  turned  upwards  (fig.  i6i,  b).  The  central  area 
of  the  visceral  chamber  is  occupied  by  tabulae,  but  the  tabulate  area 
is  often  much  restricted.  The  length  of  the  septa  is  very  variable, 
but  these  structures  are  always  present  and  are  generally  alternately 
long  and  short,  the  septa  of  each  order  being  approximately  equal. 
In  most  forms  there  is  a  well-developed  fossula,  and  the  symmetry 
is  conspicuously  bilateral.    In  others  the  fossula  is  rudimentar)'  or 

1  The  elaborate  classification  of  the  Rugose  corals  put  forward  by  Dybowski 
has  not  been  adopted  here,  partly  because  many  of  the  forms  placed  in  this  group 
by  this  observer  are  here  removed  elsewhere,  and  partly  because  the  details  of  his 
proposed  arrangement  are  largely  unnatural. 
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nh.nlPtP  and  the  symmetry  becomes  more  or  less  radial.  A  true 
:Sena  4  or  ^       no^  be  present,  and  the  corallum  may  be 

^'t.:  C^Xp'hjiSds,  so  far  as  certainly  known,  are  confined  to 
the  Ordovicianf  Silurian,  Devonian,  and  Carbomferous  deposits,  and 
are  thus  wholly  Palseozoic. 


Ki<r  161  -Structure  of  Cyathophyllum  heteyofihylluvt,  from  the  Middle  Devonian  of  Gerol- 
Jn^'  A  Transverse  section  of  ihe  corallum,  slightly  enlarged;  B,  Longitudmal  section,  also 
XSilv  enlarged  shotting  the  outer  vesicular  zone  W,  and  the  centra  area  of  anastomosing 
^^rt  This  is  one  of  the  species  of  Cyathophylbmi  in  which  a  "fossula"  is  not  clearly 
;:co™isal;ie,^the  symrt,;\hus  Sn°g  co^plet^l/radial.  The  septa  nearly  reach  the  centre, 
and  their  inner  portions  are  considerably  thickened.  (Original.; 

Upon  the  ground  of  a  close  structural  resemblance  between  the  genus 
Cvatho-bhylliim  itself  and  the  recent  genus  Moseleya,  Mr  Que  ch  as  pre- 
viously noted,  has  proposed  the  removal  of  all  the  Cyathophylhdce  \q  the 
Aporose  Madreporarians,  and  the  placing  them  m  the  umuediate  vicinity 
of  the  Astraidcp.;  but  this  change  can  hardly  be  accepted.    It  is  true 
that  there  are  certain  species  of  Cyathophylliim  which  are  so  far  similar 
to  Moseleya  that  they  show  an  almost  complete  radial  symmetry,  a  fos- 
sula "not  being  distinctly  developed,  while  a  tetrameral  arrangement  of 
the  septa  is  not  recognisable.     Even  within  the  limits  of  the  genus 
Cyathophyllum  itself,  there  are,  however,  species  with  a  well-developed 
fossula  and  a  distinctly  bilateral  arrangement  of  parts  ;  while  other 
allied  genera  are  as  conspicuously  bilateral  as  is  the  genus  Zaphretitts, 
and  possess  a  "fossula"  of  precisely  the  same  type  as  that  of  the  latter. 
Moreover,  through  such  genera  as  Omphyma  and  Ca^npophylhun  a  com- 
plete transition  is  effected  between  the  typical  Cyathophylloids  and  the 
typical  Zaphrentoids.     Lastly,  through  Cystiphyllum  it  becomes  easy 
to  pass  from  Cyathophyllum  or  Actinocystis  to  such  aberrant  types  as 
Goniophyllum  and  Rhizophyllum, 

Family  i.  Cyathophyllida. — The  chief  family  of  the  Cyatho- 
phylloid  corals  is  that  of  the  Cyathophyllidce,  comprising  all  those 
members  of  the  present  section  in  which  the  septa  are  smooth,  and 
consist  of  a  median  plate  ("  primordial  septum  ")  thickened  on  both 
sides  by  a  layer  of  stereoplasma  or  secondary  calcareous  deposit. 
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Of  the  many  genera  of  this  family  the  three  leading  types  are 
Cyathophyllu7n,  Lithostrotion,  and  Omphyma. 

In  the  genus  Cyathophyllum  itself,  the  corallum  may  be  simple  or 
composite,  the  compound  foi'ms  being  sometimes  massive  (fig.  162), 
sometimes  fasciculate.    The  septa  are  numerous,  alternately  long  and 

short,  the  longer  ones  being 
continued  to,  or  nearly  to, 
the  centre  of  the  visceral 
chamber,  where  they  are 
usually  more  or  less  twisted, 
and  give  rise  to  a  sort  of 
spurious  columella  (fig. 
161,  a).  The  external  dis- 
sepimental  zone  is  largely 
developed,  and  is  com- 
posed of  oblique  vesicles 
of  small  size  (fig.  161,  b)  ; 
while  the  internal  tabulate 
area  is  comparatively  small 
and  incompletely  devel- 
oped, the  tabulce  having  a 
vesicular  character.  The 
^    ,    ,  „     ,  "  fossula"  is  small  or  obso- 

Fig.  162. — A  specimen  of  Cyathofrhylliim  hexagoniiiii,     i   ,       .-i  ■ 
from  the  Devonian  Limestone  of  Gerolstein,  of  ihe  natural    ICte,  tne  Symmetry  m  tne 

size.  (After  Zittel.)  latter  case  becoming  more 

or  less  completely  radial ; 
whereas  when  the  fossula  is  recognisable,  the  symmetry  is  obviously 
bilateral.  Many  species  of  the  genus  are  known,  the  earliest  forms 
appearing  in  the  Ordovician  and  the  latest  in  the  Carboniferous  rocks. 
The  genus  is  especially  well  represented  in  the  Devonian  and  Carboni- 
ferous rocks. 

The  Silurian  and  Devonian  genus  Actinocystis  differs  from  Cyatho- 
phylhim  proper,  chiefly  in  the  fact  that  the  septa  are  imperfect,  passing 


Kig  \(i-i.—Arachnofhylluiit  {Strombodes) 
pentagonnm.    Silurian,  Canada. 


Fig.  164. — Ara'hnor>hyl- 
lutn  (Strombodcs)  gracile, 
Silurian,  Canada. 


externally  into  vesicular  tissue,  which  also  largely  replaces  the  central 
tabulate  area.  Allied  genera  are  the  Spongophyllum  and  Eiidophyllum 
of  the  Devonian  rocks,  in  which  the  corallum  is  composite,  and  the  septa 
are  also  more  or  less  incomplete.  ^  ,  . 

The  genus  Acervularia,  as  based  on  the  A.  a7ianas  of  the  bilurian 
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Cyathophyllida:,  the  great  genus 
Carboniferous  deposits  of  many 


rocks  may  perhaps  be  referred,  as  previously  remarked,  to  the  Asirceida; 
but  mSiy  of  the  astreeiform  corals  usually  placed  m  this  genus,  and 
especially  the  so-called  Acervularice^'  of  the  Devonian  rocks,  are  nearly 
allied  J Cyathofrhyllum.  The  corals  in  question  agree  m  general  struc- 
ture, and  particularly  in  the  possession  of  an  exterior  vesicular  zone  with 
Cyafhophyllum,  but  differ  from  this  in  the  fact  that  the  central  tabu  ate 
area  is  partitioned  off  and  enclosed  by  a  secondaiy  and  interior  wall  or 
"  mural  investment."  Another  type  which  may  be  placed  m  this  neigh- 
bourhood is  the  Silurian  genus  Arachnophyllum  {=  ^iroinbodes)  in  which 
the  corallum  is  composite  and  astrasifomi  (figs.  163  and  164),  but  the 
walls  of  the  corallites,  as  also  the  septa,  are  very  imperfectly  developed, 
while  the  visceral  chamber  is  almost  filled  with  vesicular  tissue  disposed 
centrally  in  funnel-shaped  layers. 

As  the  type  of  another  group  of  the 
Lithostrotion,  so  characteristic  of  the 
parts  of  the  world,  may  be  taken.  The 
corallum  in  this  genus  (fig.  165)  is  al- 
ways composite,  sometimes  massive, 
sometimes  fasciculate,  according  as  the 
prismatic  or  cylindrical  corallites  are 
or  are  not  in  direct  contact  with  one 
another.  In  internal  structure,  Litho- 
strotiojt  is  built  upon  the  type  of 
Cyathophylluin,  each  corallite  having 
an  external  vesicular  zone  and  an  inter- 
nal tabulate  area  (fig.  166,  B).  The  ve- 
sicular zone  is  narrow,  and  the  tabulate 
area  is  wide,  and  is  traversed  centrally 
by  a  well-developed  styliform  columella. 
The  septa  are  alternately  long  and 
short,  their  disposition  being  clearly 
tetrameral ;  and  the  symmetry  is  dis- 
tinctly bilateral,  a  well-marked  fossula 
being  often  recognisable.  Thus,  in  the 
species  here  figured  (fig.  166,  a),  there 
are  fifty-six  septa  in  all  in  each  corallite, 
twenty-eight  of  these  being  long  ones 
and  a  similar  number  being  short.  Of 
the  twenty-eight  long  septa,  the  four 
leading  septa  are  readily  determined. 
The  "  cardinal  septum "  {ti)  is  shorter 
than  the  others,  and  is  placed  in  the 

fossula,  while  the  "  counter  septum  "  {g)  is  placed  at  the  opposite  end  of 
the  compressed  columella,  a  definite  middle  line  to  the  corallite  being 
thus  established.  At  right  angles  to  the  centre  of  this  line  are  the  two 
"alar  septa"  {s  s),  and  the  remaining  twenty-four  long  septa  form  four 
groups  of  six  septa  each,  corresponding  with  the  four  quadrants  of  the 
corallite.  Some  of  the  species  of  Lithostrotion  are  not  as  regularly  con- 
structed as  the  above,  but  the  same  general  type  is  preserved  throughout 
the  genus. 

The  genus  Diphyp/iylliim,  ranging  from  the  Silurian  to  the  Carbon- 
iferous, appears  to  resemble  Lithostrotion  in  general  structure,  but  the 
corallites  of  the  fasciculate  corallum  are  devoid  of  a  columella.  The 
genus  Eridoihylliim,  of  the  Silurian  and  Devonian  rocks,  again,  seems 
to  differ  from  Diphyphylluin  principally  in  the  fact  that  the  long,  cylin- 


Fig.  165. — Fragment  of  a  mass  of  Litho- 
strotion Martini,  of  the  natural  size. 
Carboniferous.    (After  De  Koninck.) 
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drical  corallites  are  united  together  by  horizontal  connecting-processes  of 
an  exothecal  nature. 

Lastly,  a  natural  transition  is  effected  between  the  typical  Cyatho- 
phyllids  and  the  typical  Zaphrentidce  by  means  of  such  genera  as 


Fig.  i66. — %K.TaQX.VL-c&  o{ Lithostrotion  Martini,  from  the  Carboniferous  Limestone.  A,  Trans- 
verse section,  enlarged  about  times ;  D,  Vertical  section,  similarly  enlarged,  h,  Cardinal 
septum,  situated  in  the  fossula  ;  Counter  septum  ;  ss,  Alar  septa  :  co.  Columella  \  e,  Vesicular 
tissue  ;  t,  Tabulae.  (Original.) 

Omphyma  and  Campophyllicm.  The  genus  Omphyma  is  wholly  confined 
to  the  Silurian  rocks,  and  comprises  simple,  turbinate  or  cylindro-conical 
corals,  the  wall  of  which  gives  out  root-like  processes  of  attachment  of  an 
exothecal  nature  (fig.  167,  a).    The  calice  shows  four  shallow  fossulae, 

placed  at  right  angles 
to  one  another,  and 
lodging  the  four  lead- 
ing septa  ;  and  the 
same  structure  is 
shown  in  transverse 
sections  of  the  cor- 
allum  (fig.  159,  a). 
The  septa  are  nu- 
merous, and  are  al- 
ternately long  and 
short ;  but  even  the 
longest  septa  extend 
a  limited  distance 
only  into  the  visceral 
chamber,  thus  leav- 
ing a  very  extensive 
central  area,  which 
is  occupied  by  the 
tabula;  (fig.  159.  b). 
The  genus  agrees  in 
this  respect  with  the 
Zaphrentoids,  but  it 
shows  its  relation- 
shin  with  Cyathophyllum  by  the  possession  of  an  external  zone  of  ves- 
icular tissue,  though  this  is  comparatively  of  small  thickness,  and  is 


F:„  —Omphyma  subturbinata,  from  the  Silurian  of  Gotland, 
reduced  in  size,  a,  Side  view  of  the  corallum  :  b  View  of  the  cahce 
showing  the  four  fossulae.    (After  Milne-Kdwards  and  Hauue.) 
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composed  of  comparatively  large  vesicles.  In  the  reduction  of  the  ex- 
ternal vesicular  zone  and  the  proportionate  development  of  the  central 
tabulate  area,  the  Devonian  and  Carboniferous  genus  Camfiophyllum 
closely  resembles  Omphyma,  and  also  approaches  the  Zaphrentoids.  1  he 
crenus  further  resembles  these  latter,  and  differs  from  Omphyma,  in  the 
possession  of  a  single  very  large  fossula,  giving  rise  to  a  conspicuous 
bilaterality  of  the  corallum. 

Family  2.  Heliophyllidce.—^\^&  members  of  this  family  agree  in 
many  respects  with  the  typical  Cyathophyllidce,  but  are  markedly 
distinguished  from  these  by  the  characters  of  the  septa.  These 
structures  in  the  present  family  are  thin,  and  are  composed  essen- 
tially of  nothing  more  than  the  primordial  septal  plate,  occasionally 
with  a  thin  coating  of  stereoplasma  towards  their  bases.  The  septa 
are  thickened  on  their  sides  by  conspicuous  lamellar  ridges  (rep- 
resenting the  septal  spines  of  such  forms  as  Pholidophylhun), 
which  are  directed  obHquely  inwards  and  upwards  from  the  exterior 
of  the  visceral  chamber  towards  the  centre  of  the  same,  and  which 


Fig.  168. — Structure  of  the  corallum  of  HcUophylbiin  elcgantubuit,  from  the  Devonian  (Ham- 
ilton Group)  of  North  America.  A,  Transverse  section,  enlarged  nearly  twice ;  B,  Longitudinal 
section  of  the  same,  taken  just  below  the  calice,  similarly  enlarged,  h,  Cardinal  septum,  in  the 
fossula ;  Counter  septum  ;  c.  Peripheral  vesicular  zone ;  Central  tabulate  area ;  r,  Oblique 
septal  ridges  ("  carinal  ridges  ")  on  the  sides  of  the  septa.  (Original.) 

form  a  marked  feature  in  longitudinal  sections  of  the  corallum  (fig. 
168,  b).  In  transverse  sections  of  the  corallum  (fig.  168,  a)  these 
oblique  septal  ridges  appear  as  conspicuous  cross-bars  or  "  carinfe,"  ^ 
which  run  transversely  to  the  septal  laminee  and  produce  a  most  char- 
acteristic appearance.  On  the  free  edges  of  the  septa,  again,  the 
septal  ridges  appear  as  prominent  transverse  ridges  or  teeth.  Owing 
to  the  development  of  the  septal  ridges  just  spoken  of,  the  septal 

'  The  appropriate  name  of  "carinse"  was  given  to  these  septal  bars  by  Miss 
Mary  E.  Holmes,  M.A. 
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laminae  often  become  more  or  less  zigzag  in  the  peripheral  part  of 
the  corallum. 

As  regards  the  other  characters  of  the  Heliophyllida,  the  outer  ends 
of  the  septa  terminate  with  apparent  abruptness  in  a  thin  outer  invest- 
ment, which  is  not  improbably  rather  of  the  nature  of  an  epitheca 
rather  than  of  a  true  "wall.'  In  some  cases  (Phillipsastrcea)  the 
corallites  have  no  definite  outer  investment,  the  septa  of  adjacent 
tubes  becoming  confluent.  As  in  the  Cyathophyllida,  there  is  a 
well-developed  external  vesicular  zone,  and  a  comparatively  small 
central  tabulate  area.  The  range  of  the  family  is  from  the  Silurian 
to  the  Carboniferous,  but  the  great  majority  of  the  species  are 
Devonian,  the  group  being,  as  a  whole,  as  characteristic  of  the  De- 
vonian period  as  the  family  of  the  Clisiophyllidce  is  of  the  succeed- 
ing Carboniferous  period.  The  three  leading  genera  are  Heliophyl- 
lum,  Crepidophyllum,  and  Phillipsastraa. 

In  the  genus  Heliophyllwn  itself  the  corallum  is  simple  (fig.  169)  or 
composite  ;  the  carinate  septa  are  numerous  and  alternately  long  and 
short,  the  latter,  however,  being  of  considerable  length  ;  and  the  longer 
septa  are,  many  of  them,  continued  inwards  to  near  the  centre  of  the 
visceral  chamber,  where  they  become  twisted,  and  coalesce  to  form  a 
spurious  columella,  which  is  of  large  size,  and  often  projects  prommently 
into  the  floor  of  the  calice  (fig.  168,  a).    The  symmetiy  of  the  corallum  is 

distinctly  bilateral,  a  well-marked  "fossula 
being  present.  The  "cardinal  septum"  is 
shorter  than  the  other  long  septa, and, along 
with  two  short  septa,  occupies  the  fos- 
sula. The  exterior  vesicular  zone  is  well 
developed,  dissepiments  being  exceedingly 
abundant,  and  there  is  a  small  tabulate 
central  area  (fig.  168,  b).  The  species  of 
the  genus  are  principally  Devonian,  but 
some  Silurian  corals  have  also  been  re- 
ferred here.  The  genus  Heliophyllwn  has 
commonly  been  regarded  as  a  mere  sub- 
genus of  Cyathophyllum,  but  if  due  weight 
be  given  to  the  peculiar  structure  of  the 
septa,  it  can  hardly  be  placed  in  the  family 
of  the  Cyathophyllidce  at  all.  The  genus 
Crepidophyllum  is  in  general  structure  es- 
sentially similar  to  Hcliophyllu7n,  hui  the 
central  tabulate  area  is  enclosed  in  a  dis- 
tinct accessory  wall  or  inner  mural  invest- 
n.Pnt  which  is  usually  open  on  one  side  so  as  to  communicate  freely  with 
t^e  laree  fossula  (fig-.  ^28,  b).  The  corallum  may  be  simple  or  compound, 
Vall^tl.;  known  SDecies  of  the  genus  are  found  in  the  Devonian^ rocks. 
'"^  asii  in  "he  Ren^^^^^^^^  {  =  Smithia)  the  corallum  is  com- 

fn^H  the  internal  structure  of  the  corallites  is  essentially  the  same 

L°  in  i/X^yJ-- "  °' 

.  rr.,-     ,  ,  k  hised  on  a  microscopic  examination  of  PhilUpsastraa 


Fig.  169.— A  young  form  ot  Helio- 
fhyllum  Halli,  viewed  from  one  side. 
Devonian.  Of  the  natural  size.  (Ori- 
ginal.) 
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become  united  to  one  another  by  the  confluence  of  the  outer  ends  of  the 
septa  (fig.  160).  The  septa  are  "carinate,"  and  alternately  long  and 
short,  a  distinct  fossula  being  usually  present,  and  the  symmetry  thus 
becoming  clearly  bilateral.  The  species  of  Phillipsastrcea  are  pnn- 
cipally  Devonian,  but  the  range  of  the  genus  extends  into  the  Carbon- 
iferous period. 

Family  3.  Clisiophyllidce. — The  corals  of  this  family  agree  with 
the  CyathophyllidcB  and  Heliophyllidoi  in  the  general  character  of 
possessing  a  well-marked  exterior  vesicular  zone  and  a  central  tabu- 
late area.  The  central  tabulate  area  is,  however,  traversed  in  this 
family  by  an  extensively  developed  and  complex  spurious  columella, 
formed  partly  of  vertical,  often  twisted  plates  which  have  a  general 
radial  direction,  and  partly  of  vesicular  tabulae  which  intersect  the 
former  in  an  obliquely  ascending  direction.  This  massive  pseudo- 
columella  appears  in  the  floor  of  the  calice  as  a  rounded  or  conical 
boss  of  greater  or  less  size,  the  surface  of  which,  in  well-preserved 
specimens,  shows  radiating,  often  spiral  ridges.  The  septa  are 
numerous,  of  two  sizes,  alternately  equal.  The  symmetry  is  usually 
markedly  bilateral,  a  well-developed  "  fossula,"  lodging  the  "  cardinal 


Fig.  i7o.-Morphology  of  the  Clisio/>hyllidcB.  A,  Transverse  s.tic'uan  Dibunophylhnn  %-o., 
from  the  Carboniferous  rocks  of  the  North  of  England,  slightly  enlarged  ;  n,  Longitudinal 
section  of  the  same.  //,  "  Cardinal  septum  "  situated  in  the  "  fossula  "  ;  g,  "  Counter  septum  "  • 
e.  Outer  zone  of  vesicular  dissepiments  ;  /,  Central  area  of  anastomosing  tabula '  c  The 
columellar  plate.  (Original.) 

septum,"  being  present/  The  "  cardinal  septum  "  is  shorter  than  the 
other  long  septa,  and  the  "  counter  septum  "'  is  often  specially  devel- 
oped. The  septa  are  thickened  by  lateral  deposits  of  stereoplasma, 
and  are  not  "  carinate."  The  corallum  may  be  simple  or  composite. 
The  Clisiophyllidce  are  mainly,  if  not  exclusively,  confined  to  the 

Milne-Edwards  and  Haime  state  that  a  columella  is  present,  but  no  traces  of  this 
structure  appear  in  thin  sections. 
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Carboniferous  period,  the  principal  genera  being  Clisiophyllum, 
Dibunophyllum,  Cyclophylliim,  Aulophyllum,  and  Lonsdaleia. 

In  the  genus  Clisiophyllum  the  general  structure  of  the  simple  coral- 
lum  is  as  described  in  the  above  characterisation  of  the  family  Clisto- 
phyllida:.  The  great  central  pseudocolumellar  mass  is  composed  of  a 
number  of  tolerably  regular,  radial  and  somewhat  spiral  lamellae,  which 
may  be  regarded  as  corresponding  with  prolongations  of  the  septa,  and 
which  are  intersected  by  obliquely  directed  vesicular  tabula;  (fig.  171,  b). 
As  seen  in  the  floor  of  the  calice,  the  pseudocolumella  forms  a  large 
rounded  boss,  marked  by  spiral  radiating  ridges.  The  zone  immediately 
external  to  the  pseudocolumella  is  occupied  by  inosculating  tabula. 


Fie  171  -A  Cross-section  of  two  corallites  o{  Lonsdaleia  dupUcata,  Lower  Carboniferous,  en- 
larged-  y/Cro'ss-section  of  the  corallum  of  Clhwl-hyllum  Kcyscrliugi,  Lower  Carboniferous,  of 
the  natural  size.    (After  James  Thomson  and  the  Author.) 

forming  large  vesicles  ;  and  external  to  this  region  is  a  deep  peripheral 
zone  of  small  oblique  dissepimental  vesicles,  traversed  by  the  septa 
The  septa  are  numerous,  alternately  long  and  short,  and  a  well-maikecl 
septal  fossula  is  present!    The  species  of  Clisiophyllum  probably 
wholly  confined  to  the  Carboniferous  period,  though  some  Devonian  and 
Silurian  corals  have  been  referred  here.  ^i„c£.Kr 
The  Carboniferous  genus  Dibunophyllum    fig.  170)  is  very  closely 
related  in  general  structure  to  Clisiophyllum,  but  the  Pseudocolumellar 
Lrea  is  divided  into  two  by  a  vertical  partition,  or  columellar  plate 
one  end  of  which  is  usually  Lnnected  with  the  Ifl 
the  other  is  directed  to  the  "cardinal  septum"  in  *e  fossula  the  bilateia^ 
svmmetry  of  the  corallum  being  thus  exceedingly  wel  marked.    Agam,  m 
Se  Carboniferous  genus  Aulophyllum,  and  the  neariy  allied  or  identica 
Cvcloihvllum,  the  pseudocolumellar  area  is  enclosed  by  a  kind  of  inner 
mui2l  inves  ment  or  accessoiy  wall,  and  is  prolonged  at  one  poin  into  a 
Xal  tongu^^^^^^^  extension  directed  to  the  fossula.   The  pseudocolume  la 
has  a  Sutely  vesicular  structure,  the  vesicles  being  formed  by  rad  al 
1    ,.n^  intersected  bv  obliquely  ascending  arched  dissepimen  s.  Aula- 
X£  stands'^^^  to  Clifiophylhn>u\..i  CrepidophylU.m 

Sis  to  Hdi^phyllum,  or  that  the  Devonian  Acervularra  (so-called)  hold 
to  Cyathophyllum. 
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Axoi>hyllum,  again,  comprises  simple  Clisiophy  loid  corals  of  Car- 
boniferou^  age  in  which  there  is  a  large  vesicular  pseudocolumella 
p°ercfng  a  cent  al  tabulate  area,  which  is  enclosed  by  an  accessory  wall 
and  s  m  turn  surrounded  by  a  vesicular  zone.  Lastly,  we  may  mclude 
here  he  Carboniferous  genus  Lonsdaleia  {hg.  134),  m  which  there  is  a 
composite,  fasciculate,  or  astrsifomi  corallum.  Each  coralhte  has  as 
usual  in  this  family,  a  large  pseudocolumella,  formed  of  twisted  lamellae, 
and  having  a  vesicular  structure  (fig.  171,  A).  The  columella  travei^es  a 
well-developed  tabulate  area,  but  the  genus  differs  from  the  other  types 
of  the  family  in  the  fact  that  the  outer  zone  of  the  corallum  is  occupied 
wholly  by  large  lenticular  vesicles,  the  septa  being  here  obsolete,  and 
beino-  developed  in  the  central  region  only.  In  the  series  of  the  Clisto- 
phyllidcE,  Lo7isdaleia  holds  the  place  occupied  by  Lithostrotwn  in  the 
series  of  the  Cyathophyllida:. 


II.  ZAPHRENTOIDEA. 

The  section  of  the  Zaphrentoidea  comprises  those  Rugose  Corals 
in  which  there  is  a  comparatively  limited  amount  of  dissepimental 
endotheca,  the  visceral  chamber  never  being  sheathed  with  a  zone 


Fig.  172. — Morphology  of  Zaphrentis.  a,  Transverse  section  of  a  fully-grown  individual  of 
Zaphretitis  Etiniskilleni,  from  the  Carboniferous  Limestone,  enlarged  about  twice,  b,  Trans- 
%'erse  section  of  a  very  young  example  of  the  same,  enlarged  six  times,  c,  Part  of  the  theca  of 
the  same,  enlarged,  showing  one  long  and  two  short  septa,  the  bases  of  these  structures  forming 
the  wall.  The  septa  have  a  primordial  lamina  thickened  by  stereoplasma.  d.  Long  section  of 
the  same,  showing  the  tabula:.  (Original.) 


of  vesicular  tissue ;  while  there  is,  on  the  other  hand,  a  proportion- 
ately extensive  development  of  the  tabulas.    [In  the  Hadrophyllidce. 
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and  in  Palaocyclus  porpita,  the  corallum  is  so  short  that  neither  dis- 
sepiments nor  tabulae  are  developed  at  all]  The  septa  are  thickened 
with  stereoplasma  (fig.  127,  b  and  c),  and  are  not  "  carinate."  As 
a  rule,  the  septa  are  of  two  orders,  alternately  long  and  short.  In 
all  the  typical  members  of  the  section,  the  symmetry  is  conspicu- 
ously bilateral,  and  a  tetrameral  disposition  of  the  septa  can  usually 
be  readily  determined.  There  is  generally  a  well-marked  fossula 
(fig.  1 7  2,/),  placed  dorsally  and  containing  the  "cardinal  septum  or 
ventral  in  position,  enclosing  the  "counter  septum  or  rarely  lateral 
and  traversed  by  one  of  the  "  alar  septa."  In  some  forms  a  fossula 
is  not  determinable  (e.g.,  in  some  species  of  Streptelas7na  and  in 

Lindstroemia  generally).  In  the 
genera  just  mentioned  it  is  also 
usual  for  the  lower  part  of  the 
visceral  chamber  to  be  more  or 
less  largely  filled  up  with  a  de- 
posit of  stereoplasma.  The  Zaph- 
rentoid  Corals  are  exclusively 
Palaeozoic,  and  range  from  the 
Ordovician  to  the  Carboniferous 
period,  or,  if  the  genus  Polyccelia 
be  admitted  here,  to  the  Permian. 

Family  i .  Zaphretitida. — The 
typical  family  of  the  Zaphrentoid 
Corals  is  that  of  the  Zaphrentida., 
of  which  the  genus  Zaphrentis 
itself  is  the  central  form.  The 
family  is  characterised  by  the 
marked  bilaterality  of  the  coral- 
lum, a  well-developed  fossula  be- 
ing present,  while  the  develop- 
ment of  the  septa  is  usually  char- 
acterised by  the  inequality  in  size 
of  certain  of  these  structures. 
The  septum  which  occupies  the 
fossula  may  be  either  the  "  car- 
dinal septum"  or  the  "counter 
septum,"  but  in  either  case  it  is 
shorter  than  the  other  long  septa. 
Neither  a  true  columella  nor  a  pseudocolumella  are  developed,  and 
there  is  a  thick  theca  formed  by  the  coalescence  of  outgrowths  from 
the  outer  ends  of  the  septa  (fig.  172,  c).  It  is  doubtful  if  a  true 
epitheca  is  present. 

Onlv  the  more  important  of  the  genera  of  the  Zaphrentidcc  c^xv  be  here 
noticed,  the  chief  being  Zaphrentis  itself.    In  this  genus  (fig.  173)  the 


Fig.  173- — Zaphrentis  cortiicula,  the  walls 
of  the  calice  broken  away,  and  showing  the 
"  fossula,"  of  the  natural  size.  Devonian, 
America.  (Original.) 
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^»  Hr>r<=nl  "1  or  on  the  concavc  side  ("  ventrar  ),  or  in  laie  cases  is  lai 
Lai  Thheptum  included  therein  is  usually  very  short  (fig.  172,  A  and 
B  and  may  be  obsolete,  while  more  or  fewer  of  the  septa  on  each  side 
fiera  ly  bend  round/and,  partly  coalescing,  enclose  the  wide  inner 
end  of  die  fossular  groove.  The  septa  are  moderately  numerous  al- 
?ernately  long  and  short,  the  latter  being  commonly  rudimentary  and 
ometin^es  partly  obsolete.  The  long  septa  extend  a  considerable  dis^ 
tance  inwards  towards  the  centre  of  the  visceral  chambei,  and  often 
show  a  tendency  to  coalesce  in  groups.  Dissepiments  are  sparing  y 
developed  in  the  outer  zone  of  the  corallum,  but  tabute  are  largely 
developed,  and  pass  from  side  to  side  of  the  visceral  chamber  (fig. 
17^  D),  often  becoming  united  to  form  large  arched  vesicles.  The 
species  of  Zaphrentis  are  mainly  Carboniferous  and  Devonian,  but 
some  fomis  referred  to  the  genus  are  Silurian. 

The  Devonian  and  Carboniferous  genus  Amplexiis  is  closely  similar 
to  Zaphrentis,  but  the  simple  corallum  is  usually  cylindrical  in  form, 
while  the  septa  are  much  less  perfecdy  developed,  being  confined  to  the 
margin  of  the  visceral  chamber,  and  thus  leaving  exposed  a  large  central 
space  occupied  by  nearly  horizontal,  complete  tabulae. 

In  the  Carboniferous  genus  Lophophyllum  there  is  a  simple  conical 
corallum  of  small  size  (fig.  174),  which  agrees  with  Zaphretttts  in  the 
scanty  development  of  dissepiments  and  the  possession  of  complete 
arched  tabute.  There  is  also  a  small  fossula,  which  lodges  the  "  cardinal 
septum  "  (fig.  174,  B,  h),  this  being  shorter  than  the  other  septa.    On  the 


Fig.  174.— Structure  of  Lophophyllum  eruca,  from  the  Carboniferous  Limestone,  Scotland. 
A,  Side-view  of  the  corallum,  enlarged  slightly ;  B,  Transverse  section  of  the  same,  enlarged  four 
times ;  c,  Longitudinal  section  of  the  same,  similarly  enlarged.  Cardinal  septum ;  g,  Counter 
septum  ;  t,  Tabulse.  (Original.) 


Other  hand,  the  "  counter  septum "  (fig.  172,  g)  is  greatly  developed, 
being  much  longer  than  the  other  septa,  and  having  its  inner  extremity 
swollen.  This  enlarged  septum  has  been  regarded  as  a  true  columella, 
but  an  examination  of  very  young  specimens  shows  that  its  real  nature  is 
as  just  described.  The  remaining  septa  are  unequal  in  size,  but  a  division 
into  alternately  long  and  short  septa  cannot  be  recognised. 

In  the  Carboniferous  genus  Menophylluin,  again,  there  are  three 
fossulffi,  the  largest  being  on  the  dorsal  side  of  the  corallum,  and  lodging 
the  "cardinal  septum,"  while  the  other  two  are  lateral  and  lodge  the 
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"  alar  septa,"  the  tabulate  area  in  the  floor  of  the  calice  thus  assuming  the 
form  of  a  half-moon.  Lastly,  in  the  Devonian  genus  Ajiisophyllnm 
(fig.   175),  the  cardinal  and  alar  septa  are  specially  developed,  and 

fomi  three  prominent  ridges  in  the  cup 
of  the  calice. 

Outside  of  the  typical  family  of  the 
Zaphre7itidce  are  various  Zaphrentoid 
corals  which  in  the  present  state  of  our 
knowledge  can  only  provisionally  be  ar- 
ranged in  groups,  and  the  true  affinities 
of  which  are  not  always  clear.  One 
group  of  fomis,  which  may  be  provision- 
ally spoken  of  as  that  of  the  Hadrophyl- 
lidcE,  comprises  certain  singular  little 
discoid  corals  for  which  the  genera 
Hadrophylhivi,  Baryphylluvi,  Combo- 
phyllum,  and  Microcychis  (fig.  176)  have 
been  founded.  In  these  singular  t^^pes 
the  simple  corallum  has  the  form  of  a 
flattened  disc,  the  calice  being  so  shallow  as  hardly  to  deserve  the  name, 
while  the  base  is  also  often  flat,  the  corallum  thus  becoming  coin-shaped. 
There  is  generally  a  marked  septal  fossula,  and  the  symmetry  is  con- 
spicuously bilateral.    The  septa  are  smooth-edged,  and  irregular  in 


Fig.  175. — A,  Anisofihyllum  Agas- 
j/s;',  slightly  enlarged  ;  d,  Calice  of  the 
same,  viewed  from  above — Devonian. 
(After  Milne-Edwards  and  Haime.) 


Fig.  176. — Microcyclus  discus,  from  the  Devonian  (Hamilton  Group)  ot  North  America.  A, 
Upper  surface  of  the  corallum  ;  b,  Under  surface  of  the  same.  The  cross  shows  the  natural  size 
of  the  corallum.  (Original.) 


length,  and  the  interseptal  loculi  are  filled  up  with  stereoplasma,  no 
dissepiments  nor  tabulae  being  developed.  All  the  types  of  this  group, 
so  far  as  is  certainly  known,  are  found  in  rocks  of  Devonian  age. 

The  type  of  a  second  group  {PalaocyclidcE)  is  constituted  by  the 
singular  Palaocychcs  porpita  (fig.  177)  of  the  Silurian  rocks  of  Gotland.' 
The  corallum  in  this  form  is  discoidal,  the  flat  circular  base  being  covered 
with  a  concentrically  striated  basal  plate.  The  septa  are  forty-four,  or 
rarely  forty,  in  number,  alternately  long  and  short,  the  "  cardinal  septum" 
being  shorter  than  the  other  septa,  and  being  placed  in  a  well-marked 
"fossula"  (figs.  158,  and  177,  a),  the  symmetry  thus  becoming  bilateral. 
The  "  counter  septum  "  is  not  specially  developed.  All  the  septa  are 
tuberculated  and  have  crenulated  edges.  There  are  no  dissepiments  nor 
tabula;,  but  the  interseptal  loculi  are  not  filled  up  with  stereoplasma.  In 
this  respect,  as  also  in  the  crenulated  form  and  more  regular  develop- 


1  Palaocychis  porpita  certainly  occurs  also  in  the  Wenlock  Limestone  of 
Britain  (Dudley),  but  the  P.  Fletc/ieri  of  the  same  formation  does  not  appear  to 
be  properly  referable  to  the  genus  PahTOcycliis,  but  belongs  to  PhoHdophylhim. 
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rPB-arded  as  clearly  establ  shed.  It  is  possible  that  the  genus,  insieaa 
of  beiS  placed  Lre,  should  be  looked  upon  as  holding  the  same 


Fi  ^^..-Pai<eocyclus  porpita,  from  the  Wenlock  Limestone  of  Got  and.  -i-  Upper  surface 
fcaUce)  of  the  corallum,  showing  the  cardinal  septum  in  the  fossula(/0;  B,  Side-yiew  of  the 
coraUum  c  vTew  of  the  flat  tnder  side  of  the  corallum,  w  th  the  concentrically  striated 
epitheca.'  All  the  figures  are  enlarged  about  twice.  (Original.) 


position  to  the  HeliophyllidcE  that  Hadrophylhim  and  its  allies  do  to 
the  Zaphrentidce. 

The  genus  Streptelasma  may  be  regarded  as  the  type  of  another  group 
of  Zaphrentoid  Corals,  to  which  the  name  StreptclasmidcE  may  be  given. 
The  corallum  in  this  genus  is  simple  and  turbinate  or  conical  m  form. 
A  true  "  theca"  does  not  seem  to  be  present,  but  the  septa  become  much 


g 

Fig.  178.— Structure  of  Streptelasma  corniculum,  from  the  Ordovician  rocks  (Cincinnati 
Group)  of  North  America.  A,  Transverse  section;  n,  Longitudinal  section  of  the  corallum, 
enlarged  twice.  The  transverse  section  shows  the  thick  false  wall  formed  by  the  fusion  of  the 
outer  portions  of  the  septa.  Cardinal  septum  situated  in  the  fossula ;  g.  Counter  septum. 
In  the  specimen  figured  there  are  one  hundred  and  eight  septa,  alternately  long  and  short. 
(Original.) 


thickened  towards  their  outer  edges,  being  fused  with  one  another  by 
their  lateral  margins  for  a  considerable  distance,  and  thus  giving  rise  to  a 
dense  false  wall  (figs.  127,  B  and  1 78,  A).  The  septa  are  numerous,  of  two 
orders,  alternately  long  and  short,  the  latter  being  buried  for  the  greater 
portion  of  their  length  in  the  false  wall.    The  symmetry  is  distinctly  bi- 
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lateral,  the  cardinal  and  alar  septa  being  clearly  recognisable,  in  well-pre- 
served specimens,  by  the  pinnate  arrangement  of  the  costal  furrows  on 
the  exterior  of  the  corallum  (fig.  1 56).  The  cardinal  septum  is  reduced 
in  size,  and  usually  occupies  the  centre  of  a  large  fossula  (fig.  178,  a),  but 
in  some  species  {e.g.^  in  6".  europceum)  a  fossula  is  wanting.  The  lower 
part  of  the  visceral  chamber  is  more  or  less  extensiyely  filled  up  with 
stereoplasma,  and  the  upper  part  of  the  same  is  crossed  by  irregular 
tabulas,  dissepiments  being  also  developed  in  moderate  numbers.  The 
centre  of  the  visceral  chamber  is  occupied  by  a  large,  irregularly  reticu- 
lated or  trabecular  pseudocolumella  (fig.  178,  a),  with  which  the  inner 
ends  of  the  long  septa  are  directly  connected,  and  which  is  highly 
characteristic  of  the  genus.  The  species  of  Streptelasina  are  mainly 
Ordovician,  but  Silurian  forms  have  also  been  recorded.  The  genus 
Ptychophylluvi  (if  judged  by  the  structure  of  the  mushroom  -  shaped 
P.  patellatum  of  the  Silurian  rocks)  is  very  closely  related  to  Strep- 
telasina, the  principal  difference  being  that  in  this  case  the  pseudo- 
columella is  produced  by  a  twisting  together  of  the 
thickened  inner  ends  of  the  longer  septa.  If,  as 
maintained  by  Lindstrom,  these  two  genera  are  to 
be  regarded  as  identical,  the  name  of  Ptychophyl- 
luin  will  have  to  be  suppressed  in  favour  of  the 
older  title  of  Streptelasina. 

Lastly,  we  may  possibly  place  among  the  Zaph- 
rentoidea  the  small,  simple  Palaeozoic  corals 
which  constitute  the  genus  Lindstrcemia  (fig.  179). 
These  forms  agree  with  the  typical  Rugosa  in 
the  pinnate  arrangement  of  the  septa  and  the 
resulting  bilateral  symmetry  of  the  corallum,  but 
they  do  not  appear  to  possess  a  fossula.  The 
distinctive  feature  in  the  genus  is  the  fusion  of 
the  septa  by  their  inner  ends  to  form  a  sort  of 
pseudocolumella,  which  is  often  of  great  size  and 
projects  into  the  floor  of  the  calice.  The  lower 
portion  of  the  visceral  chamber  is  more  or  less 
extensively  filled  up  by  stereoplasma,  but  dissepi- 
ments and  tabulce  are  scantily  developed  in  its  upper  portion.  The 
species  of  Lindstrwmia  are  mostly  Ordovician  and  Silurian,  but  the 
genus  survives  into  the  Carboniferous  period. 

III.  Cystiphylloidea. 

The  section  of  the  Cystiphylloidea  comprises  those  Rugose  Corals 
in  which  endothecal  tissue  in  the  form  of  dissepiments  is  in  general 
extensively  developed,  while  tabulse  are  absent  or  are  incompletely 
developed,  and  the  septa  are  more  or  less  imperfect,  and  may  be 
reduced  to  mere  marginal  strise.  When  the  septa  are  so  far  de- 
veloped as  to  enable  this  point  to  be  determined,  it  can  be  shown 
that  the  symmetry  of  the  corallum  is  distinctly  bilateral,  and  in  some 
cases  a  well-marked  fossula  is  present.  The  Cystiphylloid  corals  are 
wholly  PalseozoiCj  and  are  confined  to  the  Silurian  and  Devonian 
rocks. 

Family  i.  Cystiphyllidce. — This  is  the  typical  family  of  the  Cysti- 


Fig.  179.  —  Lindstrct- 
mia  Dcilmani.  A  por- 
tion of  top  of  the  theca 
is  broken,  in  order  to 
show  the  interior  of  the 
calice.  Silurian. 


CYSTIPHYLLOIDEA. 


299 


phylloid  corals,  and  is  characterised  by  the  fact  that  the  endothecal 
strictures  are  more  or  less  completely  reduced  to  a  vesicular  tissue 
composed  of  lenticular  cells,  which  are  often  of  specially  large  size 
?n  the  centre  of  the  visceral  chamber,  and  in  this  region  represent 


Fie  180 -Structure  of  Cystithyllum  cylindricum,  Lonsd.,  from  the  Wenlock  Limestone  of 
Ironbddge:  a.  Transverse  {ectfon,  enlarged  twice;  B,  Part  of  a  vertical  section,  similarly  en- 
larged.  (Original.) 

tabute  (fig.  180).  The  septa  are  rudimentary,  but  are  usually  recog- 
nisable as  more  or  less  distinct  strite  or  ridges  on  the  surface  of  the 
calice. 

The  type-genus  of  this  family  is  Cystiphyllum  itself,  in  which  the 
corallum  is  almost  invariably  simple  (it  is  composite  in  the  C.  fruti- 
cosum  of  the  American  Devonian  rocks),  and  is  usually  conical  in  form 
(fig.  181),  though  in  some  cases  greatly  flattened.  The  wall  is  well 
developed,  and  the  visceral  chamber  is  entirely  filled  with  a  vesicular 
tissue  of  obliquely  disposed  lenticular  cells,  which  in  the  central  region 
of  the  corallum  often  show  a  well-marked  arrangement  in  funnel-shaped 
layers.  The  calice  sometimes  exhibits  nothing  but  the  rounded  upper 
surfaces  of  the  lenticular  vesicles  just  spoken  of,  but  its  surface  com- 
monly shows  more  or  less  marked  radial  ridges  or  radiating  rows  of 
tubercles,  which  represent  the  septa.  In  some  cases,  as  in  the  De- 
vonian C.  sulcatum  and  C.  laviellosum,  a  well-marked  dorsal  fossula  is 
present ;  and  in  the  latter  species  it  is  sometimes  even  possible  to 
recognise  a  disposition  of  the  septal  ridges  in  four  groups,  correspond- 
ing with  the  four  quadrants  of  a  typical  Rugose  Coral.  All  the  known 
species  of  Cystiphyllum  are  found  in  the  Silurian  or  Devonian  rocks, 
one  of  the  commonest  species  being  the  C.  vesiculosuvi  (fig.  181)  of  the 
Devonian  rocks  of  North  America  and  Europe.  Through  Actinocystis 
a  transition  can  without  violence  be  effected  between  the  genus  Cysti- 
phyllum on  the  one  hand  and  Cyathophyllum  on  the  other  hand. 

Family  2.  Calceolidm.  —  This  family  has  been  founded  for  a 
number  of  remarkable  Palaeozoic  corals,  of  which  the  principal 
genera  are  Goniophyllum,  Rhizophyllum,  Arccopoma,  and  Calceola. 
The  corallum  in  this  family  is  simple  and  conical  in  form,  very 
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commonly  more  or  less  angulated,  and  assuming  a  pyramidal  or 
quadrilateral  figure.  Internally,  the  structure  may  not  differ  essen- 
tially from  that  of  Cystiphylliim,  the  visceral  chamber  being  filled 

with  an  endothecal  vesicular 
tissue,  and  the  septa  being  in- 
complete or  rudimentarj'  (fig. 
182,  b).  Sometimes  the  septa 
are  obsolete,  but  they  are  usu- 
ally recognisable  as  radiating 
ridges  or  rows  of  tubercles  in 
the  calice,  or  they  may  even 
form  radiating  lamellce  which 
intersect  the  marginal  region  of 
the  visceral  chamber.  The 
essential  character  of  the  family, 
however,  is  found  in  the  fact 
that  the  calice  is  closed  by  a 
variously  constructed  lid  or 
"operculum,"  composed  of  one 
or  more  pieces  (fig.  182,  a). 
In  this  feature,  the  corals  of 
the  present  family  differ  from 
all  recent  Madreporarians, 
though  a  species  of  operculum 
is  found  in  some  living  Al- 
cyonarians  {Primnoa  and  Far- 
amui-icea).  The  structure  and 
affinities  of  the  family  of  the 
Operculate  Corals  have  been 
admirably  worked  out  by  Lind- 
strom ;  and  all  the  known 
genera  of  the  family  are  Silu- 
rian or  Devonian. 

In  the  Silurian  GoniophyUum 
(fig.  182)  the  corallum  is  distinctly 
quadrilateral,  its  four  sides  being 
flattened.  The  internal  stracture 
is  wholly  vesicular,  the  cells  of  the 
central  region  of  the  visceral 
chamber  being  of  large  size  and 
representing  tabulae.  The  quad- 
rangular calice  is  deep,  and  is  furnished  with  marked  septal  ridges,  of 
which  four— one  in  the  middle  of  each  side— are  specially  prominent, 
the  longest  being  the  "  cardinal  septum,"  while  the  other  three  are  the 
"  counter"  and  "  alar"  septa.  The  septa  are  not  mere  caHcine  stria;,  but 
are  truly  lamellar,  though  they  are  marginal.    The  calice  is  closed  with 


Fig.  181. — Cystiphyllum  vesiculosum,  showing 
"  rejuvenescence,"  the  corallum  consisting  of  a 
succession  of  cups  produced  by  budding  from  the 
original  polype.  One  side  of  the  calice  is  broken 
away,  and  shows  the  internal  structure.  Of  the 
natural  .size.  Devonian,  America  and  Europe. 
(Original.) 
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an  operculum  of  four  calcareous  plates,  of  which  the  dorsal  and  ventral 


after  Lindstrom  ;  B  is  original.) 

obliaue  vesicles,  and  the  operculum  is  in  the  form  of  a  single  semicircular 
Jie  The  species  of  the  genus  are  mostly  Silurian,  but  one  form  is 
found  in  the  Lower  Devonian. 

Still  more  closely  allied  to  CysUphyllum  is  the  genus  Ar^opoma,  com- 
pris  ng  only  the  A.  {CysUphyllum)  prismaticum  of  the  Silurian  rocks. 
The  corallum  in  thisfom.  is  subangular,  more  or  less  clear^:  four-sided, 
the  cahce  having  radial  rows  of  septal  tubercles,  and  the  surface  exhibit- 
ino-  distinct  rugffi.  Internally  the  structure  is  who  ly  vesiculai,  and  the 
cahce  is  closed  by  an  operculum  of  subtriangular  valves. 

Lastly,  in  the  genus  Calceola  (fig.  183),  the  slippei-shaped  corallum  is 
free,  and  has  the  form  of  a  slightly  curved  four-sided  pyramid,  of  which 
one  side  is  broad  and  flat,  the  opposite  side  being 
equally  broad  but  convex,  while  the  lateral  faces 
are  much  reduced,  and  are  only  represented  by 
the  rounded  junctions  of  the  two  broad  faces. 
The  cahce  is  deep,  corresponding  in  form  to  the 
exterior,  and  marked   internally   with  distinct 
septal  stri£e.    The  "cardinal  septum"  is  clearly 
marked,  and  is  placed  in  the  centre  of  the  vaulted 
side  of  the  corallum,  sometimes  in  a  distinct 
groove  or  fossula,  while  the  septa  on  both  sides  of 
this  have  a  pinnate  arrangement.   The  "  counter 
septum"  is  in  the  middle  of  the  flat  side  of  the 
corallum,  and  is  also  often  in  a  distinct  fossula. 
The  calice  is  closed  by  a  half-moon-shaped  oper- 
culum, which  resembles  the  valve  of  a  Brachi- 
opod  in  form  and  sculpturing,  its  under  sur- 
face, however,  showing  a  prominent  median  and  fainter  lateral  septal 
ridges.    The  internal  structure  is  dense,  the  thick  wall  apparently  solid, 
but  showing,  according  to  the  observations  of  Kunth,  a  finely  vesicular 
structure.   The  only  known  species  of  this  genus  is  the  Calceola  sandnli7ta 
of  the  Middle  Devonian  rocks,  an  abundant  and  characteristic  fossil  in 


Fig.  183.— The  corallum  of 
Calceola  saiutalina  (a  small 
example),  from  the  Middle 
Devonian  of  Gerolstein,  view- 
ed from  its  rounded  side,  of 
the  natural  size. 
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Strata  of  this  age  in  Europe.  It  may  be  noted  in  connection  with  Calceola 
sandalina  that  the  internal  structure  of  the  curious  Cystiphyllum  lamel- 
losuin  of  the  same  geological  horizon  exhibits,  in  its  young  stages,  a  curious 
resemblance  to  that  of  the  present  form,  the  latter,  however,  not  being 
known  to  possess  an  operculum.  This  fact,  along  with  the  general 
identity  in  structure  between  Arceopoma  pristnaticiim  and  the  typical 
Cystiphylla,  may  be  taken  as  fully  corroborating  Lindstrom's  conclusion 
that  these  remarkable  Operculate  Corals  cannot  be  separated  from  the 
Madreporaria  Rugosa. 
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CHAPTER  XIX. 

ZOANTHARIA — continued. 
MADREPORARIA  FUNGIDA  AND  PERFORATA. 
SECTION  III.   MADREPORARIA  FUNGIDA. 

This  section  includes  simple  or  composite  Madreporarians,  in  which 
the  interseptal  loculi  are  crossed  by  trellis-like  calcareous  bars  ("  syn- 
apticula ").  In  the  composite  forms,  where  adjacent  corallites  are 
connected  by  prolongations  of  their  septa  ("  septo-cost«  "),  the  inter- 
spaces between  these  prolongations  are  also  synapticulate.  The 
septa  are  lamellar,  and  are  usually  solid,  though  occasionally  per- 
forations exist.  When  there  is  a  basal  plate  it  is  usually  perforated 
by  apertures,  but  it  may  be  imperforate.  Endothecal  structures 
(dissepiments  and  columella)  may  or  may  not  be  developed.  Ten- 
tacles in  the  living  forms  "short,  lobe-like,  scattered,  sometimes 
obsolete  "  (Duncan). 

So  far  as  certainly  known,  the  section  of  the  Madreporaria  Fun- 
gida  has  no  Palseozoic  representatives ;  but  the  Secondary  and  Ter- 
tiary deposits  have  yielded  a  large  number  of  fossil  forms,  only  a 
few  of  the  more  important  of  which  can  be  alluded  to  here. 

By  Professor  Martin  Duncan  the  section  of  the  Fimgida  is  di- 
vided into  the  following  five  families  : — 

Family  i.  Plesiofnngida. — This  family  is  related  to  the  Aporosa, 
and  comprises  simple  or  composite  Fmigida,  in  which  dissepiments 
exist  in  addition  to  the  synapticula,  and  the  septa  are  usually  solid 
and  imperforate.  The  principal  genus  in  this  family  is  Thavinas- 
trcea,  including  a  large  number  of  species,  which  range  from  the 
Trias  to  the  Miocene  Tertiary,  and  have  a  very  wide  geographical 
distribution.  In  this  genus  the  corallum  is  composite  and  is  usu- 
ally massive  or  lobate  in  form,  sometimes  laminar  or  encrusting ; 
while  the  corallites  have  ill-defined  walls.  The  cahces  (fig.  184,  a) 
have  distinct  centres,  but  are  shallow,  and  the  septa  become  con- 
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fluent  with  those  of  neighbouring  cups  by  means  of  septo-costal 
prolongations.  The  septa  appear  to  be  sometimes  perforated, 
sometimes  imperforate  (Duncan),  and  both  dissepiments  and  syn- 
apticula   are  developed,  a  variably  shaped  columella  being  also 


Fig.  184. — A,  Surface  of  Thainnasircea  agaricites,  from  the  Cretaceous  deposits  of  Gosau;  B, 
Surface  of  Coiiioscris  coti/crta,  from  the  Oligocene  Tertiary  of  Vicenza,  enlarged  twice.  (After 
Zittel.) 

present.  Closely  allied  to  Thamnastrcea  is  the  Jurassic  genus 
Claiisastrcea. 

Family  2.  Fungidce. — In  the  true  FungidcB  the  corallum  is  simple 
or  compound,  the  interseptal  loculi  showing  numerous  synapticula, 
but  there  being  no  dissepiments.  The  septa  are  usually  imperfor- 
ate, and  the  basal  wall  is  generally  perforated.  As  restricted  by 
Duncan,  this  family  comprises  no  other  fossil  genus  than  the  Micra- 
bacia  of  the  Cretaceous  rocks.  In  this  genus  the  corallum  is  of 
small  size,  free  and  unattached,  of  lenticular  form,  with  a  convex 
base  covered  with  a  perforated  basal  plate. 

Family  3.  Lophoserida. — In  this  family  the  corallum  may  be 
simple  or  compound,  the  wall  being  imperforate,  and  the  septa  also 
usually  solid.  There  are  synapticula,  but  no  dissepiments.  The 
simple  forms  of  this  family  may  be  turbinate,  discoid,  or  attached 
by  a  wide  base,  and  are  represented  in  Secondary  and  Tertiary 
deposits  by  various  generic  types  {Trochoseris,  Cycloseris,  Fodoseris, 
&c.)  The  composite  types  have  their  calices  united  by  confluence 
of  the  septo-costce,  and  usually  possess  a  thin  laminar  or  frond-like 
corallum.  Besides  such  recent  genera  as  Lophoseris  and  Mycedium, 
we  have  here  a  number  of  fossil  types,  some  of  which  (such  as 
Protoseris  and  Comoseris,  fig.  184,  b)  are  found  in  rocks  as  ancient 
as  the  Jurassic. 

Family  4.  Anabacidce. — This  small  family  includes  only  the  two 
genera  Anabacia  and  Genabacia,  the  former  being  simple  and  the 
latter  composite,  and  both  being  confined  to  the  Jurassic  rocks. 
The  septa  in  these  genera  are  perforated,  and  the  wall  is  indistinct. 
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while  there  are  synapticula  but  no  dissepiments.  Anabacia  is  dis- 
coid in  form,  and  of  small  size,  and  its  basal  wall  is  wanting. 

Family  5.  Piesioporitidce. — This  family  includes  Fttngida  in  which 
the  septa  are  trabeculate  and  the  septa  regularly  porous,  thus  ap- 
proaching the  Madreporaria  Perforata.  When  a  wall  is  present,  it 
is  imperforate.  Synapticula  are  present,  and  dissepiments  may  or 
may  not  exist.    Most  of  the  genera  included  in  this  family  {Lepto- 


Fig-  185. — Cyclolites  elliftica,  viewed  from  above,  rom  below,  and  from  the  side.  Cretaceous. 


j)hyUia,  Cyclolites,  Microsolena,  &c.)  are  Jurassic  or  Cretaceous,  the 
well-known  genus  Cyclolites  occurring  in  both  of  these  formations. 
In  this  genus  (fig.  185),  the  corallum  is  simple  and  free,  discoid, 
with  a  flat  or  slightly  concave  base,  and  either  circular  or  elliptical 
in  outline.  The  under  surface  of  the  corallum  is  covered  with  a 
well  -  developed,  concen- 
trically striated  basal  plate. 
The  septa  are  trabecular 
and  more  or  less  per- 
forated, and  there  is  either 
no  columella  or  a  rudi- 
mentary one. 

Forming  a  transition 
between  the  typical  Fiin- 
gida  and  the  typical  Perfor- 
ata is  the  Jurassic  genus 
Microsolena  (fig.  186),  in 
which  the  corallum  is  mas- 
sive, of  variable  shape,  but 
usually  more  or  less  lobed. 
The  basal  wall  is  covered 
with  a  strong  epitheca,  and 
the  calices  are  not  circumscribed  by  a  definite  wall.  The  septa  are 
trabecular  and  perforated,  and  synapticula  are  abundantly  developed.. 


Fig.  186.— Fragment  ot  Microsolena  ramosa,  and  three- 
of  the  calices  of  the  same  enlarged.  Jurassic. 
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Section  IV.  Madreporaria  Perforata. 

This  section  includes  simple  or  composite  Madreporarians  in 
which  the  calcareous  tissue  (sclerenchyma)  of  the  corallum  is  more 
or  less  conspicuously  porous  or  reticulate  (fig.  187,  c) ;  the  visceral 
chambers  of  the  corallites  being  thus  placed,  in  the  compound 
forms,  in  communication  with  one  another.  The  septa  may  be 
solid,  but  are  usually  more  or  less  porous,  being  often  represented 
by  irregular  trabeculae,  or,  in  other  cases,  by  rows  of  calcareous 
spines.  Dissepiments  are  usually  present,  and  tabulae  are  com- 
monly developed.  The  existing  Madreporaria  Perforata  fall  into 
the  three  groups  of  the  Eu^ sammida,  Madreporida,  and  Poritida, 
while  we  may  place  here  the  three  extinct  groups  of  the  Favositida, 
SyringoporidcB,  and  Thecidce.     These  three  last-mentioned  groups 


Fig.  187.-A,  Dcndyofhyllia  elegans,  from  the  Oligocene  Tertiary  of  Brockenhurst  of  the  nat 
ural  fize?  B,  Tr*,sverse  section  of  the  same,  enlarged  (after  Z.ttel) ;  c,  Portton  of  a  section  of  a 
recent  species  oi  Dendrophyllia,  showing  the  porous  structure  of  the  skeleton. 

are  essentially  Paleozoic,  the  Favositida  alone  having  any  Mesozoic 
representative  (the  Koninckia  of  the  Cretaceous  rocks).  Of  the 
three  existing  groups  of  the  Perforata,  the  Poritidce  appear  to  be 
the  most  ancient,  the  Ordovician  genus  ProtarcEa  belongmg  to  this 
family,  while  the  Calapoecia  {Columnopora)  of  the  same  formation 
links  the  Poritidcz  with  the  Favositidce.  The  Devonian  genera 
Arceopora  and  Cleistopora,  and  the  Carboniferous  genus  i'rz/^^./. 
(fig  fsS)  may  also  be  referred  to  the  Poritidce.  Eupsamimd^ 
arf  also  an  ancient  group,  being  represented  the  Silurian  rocks 
bv  the  genus  Calostylis.  On  the  other  hand,  the  Madreponda  are 
of  comparatively  modern  origin,  the  first  known  types  appeanng  in 
the  Tertiary  deposits.  Upon  the  whole,  however,  the  existing  groups 
ol  X^^Elpsalnidc,  Poritid.,  and  Madreporid.  do  not  present 
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themselves  in  any  prominent  manner  till  the  Tertiary  period  is 
reached,  and  they  have  attained  their  maximum  at  the  present  day. 

In  the  following  brief  summary  of  the  characters  and  distribution 
in  time  of  the  leading  groups  of  the  Perforate  Madreporarians,  it 
will  be  best  to  take  first  the  three  recent  families  above  mentioned. 

Family  i.  Eupsammida. — In  this  family  the  corallum  may  be  sim- 
ple or  compound,  the  ivall  of  the  corallites  being  perforated,  while 


A 


B 


Fig.  18S. — PalteacLt  cyclostoina,  from  the  Carboniferous  rocks  of  Scotland,  a,  Upper  surface 
of  a  colony  enlarged  twice ;  B,  Vertical  section  of  the  corallum,  showing  the  reticulated  struc- 
ture of  the  skeleton,  enlarged.  (Original.) 

the  principal  septa  may  be  entire  and  imperforate.  The  smaller 
septa  are,  however,  usually  perforate,  and  in  other  cases  all  the  septa 
are  trabecular.  There  is  a  limited  development  of  endothecal  tis- 
sue, the  interseptal  loculi  thus  remaining  more  or  less  open.  This 
family  is  principally  Tertiary  and  Recent,  but  the  genus  Calostylis  is 
Silurian,  and  there  are  also  Cretaceous  types  {Stephanophyllia,  &c.) 


B 


C 


^wcLll^'Z^r^  /  V  l^f from  the  Wenlock  Limestone  of  Shropshire,  a,  A  broken 
Srrlv  VnT.l^^H    ^''^-''^l^V^^P^  ^>=">°"'  enlarged  five  times ;  c,  Vertical  section 

Mm.larly  enlarged,  showmg  the  thick  wall  and  the  trabecular  character  of  the  septa  (Original) 

It  IS  clear,  therefore,  that  our  knowledge  of  the  past  history  of  the 
lamily  IS  extremely  imperfect. 

deI^r?h!^1°K  T-^'T'  .'^'Pr  °^  ^^''^  *"^"^^ly  '5  *e  genus  Calostylis,  first 
occnrrin  7  L^ndstrom  from  the  Wenlock  Limestone  of  Gotland,  but 
occurring  also  m  deposits  of  the  same  age  in  Britain.    In  this  genus  the 
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corallum  (fig.  189)  is  cylindrical,  and  may  be  simple,  or  may  become 
composite  by  the  production  of  lateral  buds.  The  wall  is  thick  and  por- 
ous, but  is  covered  here  and  there  with  a  thin  striated  epitheca.  The 
septa  are  so  highly  perforated  as  to  become  more  or  less  trabecular  (fig. 
189,  B  and  C),  and  they  may  unite  centrally  to  form  a  species  of  spongy 
columella  ;  but  dissepiments  are  very  imperfectly  developed.  There  is 
no  reason  to  doubt  the  correctness  of  Lindstrom's  reference  of  Calostylis 
to  the  Eupsammida,  with  which  the  genus  agrees  in  all  essential  char- 
acters. No  type  of  the  Eupsammidce  has  hitherto  been  detected  in 
any  Palseozoic  deposit  of  later  age  than  the  Silurian,  nor  in  any  of  the 
older  Mesozoic  rock-groups  ;  but  in  the  Cretaceous  rocks  we  meet  with 
the  genus  Stephajiophyllia.  In  this  genus  the  corallum  is  free,  simple, 
and  discoid,  with  an  'open  circular  calice  ;  and  species  of  the  genus 
range  from  the  Cretaceous  to  the  present  day.  In  Balanophyllia, 
ranging  from  the  Eocene  Tertiary  to  the  present  day,  the  corallum  is 
also  simple,  but  is  usually  permanently  fixed  to  some  foreign  body.  An 
allied  type  is  the  Pliocene  and  Recent  genus  Thecopsammia,  which  is 
considered  by  Professor  Martin  Duncan  to  be  related  in  some  respects 
to  the  Silurian  genus  Calostylis.  Also  allied  to  Balanophyllia  is  the 
Eocene  genus  Endopachys  (fig.  190),  in  which  the  corallum  is  simple  and 


Fig.  Tgo.-EndoMchys  Maclurii,  viewed  in  profile  and  from  above.    Eocene  Tertiar>-. 

compressed,  and  a  spongy  columella  is  present,  while  the  keeled  base  is 
contFnued  into  two  wing-hke  expansions.  The  type  of  another  g^J^P 
the  Eupsammidce  is  the  well-known  genus  Dendrophylha  ^f  7),  n 
which  the  corallum  is  composite  and  generally  ^^^^'""'^^l''^'^^^^ 
corallites  being  cylindrical,  and  having  a  spongy  columella.  The  species 
oiDendrophylliax^x.%^  from  the  Eocene  Tertiary  to  the  present  day. 

Family  2.  Madreporidce.—lxv  this  family  the  corallum  is  invariably 
composite,  the  mode  of  increase  being  by  gemmation,  and  the  constitu- 
ent corallites  of  the  colony  being  united  by  an  abundant  spongy  ccen- 
enchyma.  The  corallites  have  porous  walls,  which  are  not  distinct 
from  the  ccenenchyma,  and  the  septa  are  usually  fairly  developed, 
and  are  lamellar.  The  interseptal  loculi  have  dissepiments  but  a 
liSla  is  wanting.  As  here  defined,  the  family  of  the  Madepor^ 
/2  includes  only  the  single  genus  Madrepora,  including  a  vast 
numb  of  orms,'ranging  in  time  from  the  Eocene  Tertiary  to  the 
n^sent  day.  The  corallum  (fig.  191)  in  this  genus  is  very  variable 
Fn  h"pe  being  most  usually  branched  or  tufted  the  corallites  are 
tubulS  with  nfore  or  less  projecting  calices ;  and  the  visceral  cham- 
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ber  is  divided  into  two  halves  by  two  of  the  six  principal  septa,  which 
are  specially  developed,  and  nearly  meet  along  their  inner  edges. 

Family  3.  ForiiidcB.— In  this  extensive  family  the  corallum  is  always 
composite,  the  constituent  corallites  being  united  directly  or  by  the 
intervention  of  a  more  or  less  copious  coenenchyma.  In  either  case 
the  calcareous  tissue  of  the  corallum  is  spongy  or  reticulate,  and  the 
porous  walls  of  the  corallites  are  mostly  not  separable  from  the 


Fig.  igi. — Madrcpora  filaiitaginca,  of  the  natural  size,  showing  the  porous 
coenenchyma  and  the  tubular  corallites.  Recent. 

coenenchyma,  when  this  latter  exists.  The  septa  may  be  rudimen- 
tary or  obsolete,  but  they  are  usually  present,  and  have  the  form  of 
vertical  rows  of  spinules,  which  often  anastomose,  and  give  rise  to  a 
sort  of  trellis-work.  Rarely,  the  septa  are  imperforate  and  lamellar. 
In  some  cases  tabulte  are  present,  and  a  columella  may  or  may  not 
be  developed.  The  oldest  types  of  the  Poritidce  appear  in  the  Ordo- 
vician  rocks,  but  the  family  is  represented  in  the  Paljeozoic  deposits 
by  but  a  few  isolated  genera  {Frotarcea,  Araopora,  Falceacis,  &c.). 
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and  is  mainly  Mesozoic  and  Tertiary,  numerous  forms  existing  at 
the  present  day. 

The  group  of  the  Poriiida:  which  is  most  nearly  allied  to  the  Mad- 
reporidcB  is  that  of  which  Turbinaria  is  the  type,  characterised  by 
the  fact  that  the  corallites  have  distinct  walls  and  are  united  by  an 
abundant  reticulate  or  spongy  coenenchyma.  Turbinaria  itself  ranges 
from  the  Miocene  Tertiary  to  the  present  day,  and  allied  types  are 
Aclinacis  (Cretaceous  to  Oligocene)  and  Astraopora  (Eocene  to  Recent). 
More  or  less  closely  allied  to  the  preceding  are  the  little  Cai-boniferous 
corals  which  constitute  the  genus  Palceacis.^  In  this  genus  the  corallum 
(fig.  1 88)  is  composed  of  short  and  wide  corallites,  united  together  directly 
or  by  the  intervention  of  a  limited  amount  of  coenenchyma.  The  tissue 
of  the  skeleton  is  more  or  less  trabecular  (fig.  i88,  b),  and  the  septa  are 
obsolete,  being  represented  only  by  rows  of  granules  in  the  interior  of  the 
deep  calices.  The  species  of  Palceacis  are  found  growing  upon  the  stems 
of  Crinoids  and  other  foreign  bodies  in  the  Lower  Carboniferous  rocks 
of  both  Europe  and  North  America. 

The  genus  Porites  is  the  type  of  another  group  of  the  P  or  it  idee  ^  char- 
acterised by  the  reticulated  sclerenchyma,  the  almost  total  or  total  absence 
of  a  coenenchyma,  and  the  generally  trabecular  septa.    The  species  of 


Fig.  xai.—Cleistopora.  geovietrtca,  Edw.  &  Haime,  sp.  A,  Upper  surface  of  a  full-sized 
individual,  of  the  natural  size ;  b,  A  single  calice  enlarged  ;  c,  Vertical  section  of  a  specimen 
growing  upon  a  Brachiopod,  enlarged  five  times ;  u,  Tangential  section  of  the  same  specimen 
similarly  enlarged.  (Original.) 


Porites  are  abundant  at  the  present  day,  and  are  largely  concerned 
with  the  building  up  of  coral-reefs  ;  while  the  earliest  types  of  the  genus 
occur  in  the  Cretaceous  rocks.    Allied  to  Porites  are  various  Tertiary 

1  Misled  by  certain  peculiarities  in  the  minute  structure  of  the  skeleton,  the 
present  writer  was  formerly  induced  to  believe  that  Falaacis  did  not  properly 
belong  to  the  corals. 
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genera,  such  as  Litharcea,  Rhodarcea,  &c.  We  may  also  pl^ce  here  e 
fncien  genera  Stylarcca  and  Protarcea,  both  of  which  commence  n  he 
OrHnvichn  rocks  the  latter  surviving  into  the  Devonian  period.  In  the 
Detoniarrockt  we  find  lurther,  the%ingular  genus  Clastopora,  repre- 
sented only  by  the  Y.itX^  C.  geomeirica  of  the  European  Devonian  rock  , 
n  which  the  corallum  (fig.  192,  a)  is  composed  of  short  polygonal  coral- 
kes  forming  a  discoid  colony  which  is  usually  attached  by  its  undei 
surface  to  some  foreign  body!  The  corallites  are  united  by  fusion  of 
their  walls,  which  are  slightly  porous,  and  the  septa  are  only  present  as 
mar-inal  stride  (fig.  192,  B).  The  characteristic  feature  about  the  genus, 
however  isThat  Ae%;hole  of  the  visceral  chamber,  below  the  cal.ce 
is  filled  with  reticulated  or  trabecular  calcareous  tissue  (hg.  192,  c 

^"laSy,  a  third  group  of  the  Poritidcs  is  typified  by  the  genus  Alveopora, 
the  most  characteristic  feature  of  the  group  being  that  the  walls  ot  tlie 
corallites  (fig.  193,  a)  are  spongy  and  porous,  while  the  septa  (hg.  193, 
are  trabecular,  and  well-developed  tabulae  are  usually  present.  ihe 


Fig.  193.-  Alveopora  spon^iosa,  one  of  the  recent  Poritida;  (after  Dana).  A,  Some  oi  the 
corallites  cut  vertically  and  enlarged,  showing  the  tabulze  and  the  perforated  walls ;  B,  View  ot 
the  calices  from  above,  enlarged. 


genus  Alveopora  itself  ranges  from  the  Eocene  Tertiary  to  the  present 
day,  but  the  genus  Araopora,  properly  referred  here  by  Waagen,  is 
found  in  the  Devonian  deposits  of  Australia  and  the  Carboniferous  rocks 
of  India.  In  this  ancient  type  the  corallum  is  massive,  and  is  composed 
of  polygonal  corallites,  which  have  their  walls  fused  with  one  another. 
The  walls  are  composed  of  spongy  tissue,  with  irregular  pores,  the  septa 
being  trabecular  or  reticulate,  while  tabulas  may  be  more  or  less  exten- 
sively developed.  The  Cretaceous  genus  Koninckia,  though  incompletely 
investigated,  may  also  be  placed  here  as  a  provisional  arrangement ; 
while  the  recent  genus  Favosttipora,  as  described  by  Mr  Saville  Kent, 
would  appear  to  form  a  connecting  link  between  Alveopora  and  Fa- 
vosites. 

Family  4.  Favositidce. — This  large  and  important  family  of  Corals 
is  characterised  by  the  possession  of  a  variably  shaped  corallum 
composed  of  polygonal  or  sub  -  cylindrical  corallites,  which  are 
usually  in  close  contact  throughout  their  entire  extent,  but  are  not 
completely  united  by  fusion  of  their  walls.  The  walls  of  the 
corallites  are  porous,  the  visceral  chambers  of  adjacent  corallites 
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being  thus  placed  in  direct  communication ;  but  the  perforations 
are  not  irregular,  and  are  restricted  to  definite,  circular  or  oval 
apertures  known  as  "  mural  pores."  There  is  no  true  coenenchyma  ; 
and  the  condition  of  the  septa  is  extremely  variable,  these  structures 
being  sometimes  obsolete,  sometimes  in  the  form  of  marginal  ridges, 
and  most  commonly  m  the  form  of  vertically  disposed  rows  of 
spinules.    Tabulte  are  usually  well  developed  and  complete,  but 


Fig.  194.— Thin  sections  of  Favositoid  Corals,  showing  the  phenomena  presented  by  the  mural 
pores.  A,  Tangential  section  of  Favositcs  s^p.,  from  the  Devonian  of  Queensland,  enlarged  six 
times,  a',  Vertical  section  of  the  same  similarly  enlarged  ;  in  two  of  the  tubes  the  section 
traverses  the  centre  of  the  visceral  chambers,  but  in  one  it  corresponds  in  part  with  the  wall  of 
the  corallite.  B  and  d',  Tangential  and  vertical  sections  of  Alveolites  Labecliei,  E.  &  H.,  from 
the  Wenlock  Limestone  of  Ironbridge,  enlarged  ten  times.  [The  septal  thorns  which  characterise 
this  species,  as  also  A.  battershyi,  E.  &  H.,  are  mostly  omitted  in  the  drawing.]  c  and  c  ,  T.-in- 
gential  and  vertical  sections  o{  Pacliy/>ora  sp.,  from  the  Corniferous  Limesione  of  the  Falls  of  the 
Ohio  enlarged  ten  times.    In  all  the  figures  the  letter  p  indicates  the  mural  pores.  (Original.) 


they  are  sometimes  imperfect.  The  corallum  increases  by  the  form 
of  budding  which  Waagen  has  defined  as  "  inter-mural  gemmation  " 
(see  p.  254). 

The  family  of  the  Favositidce  is  obviously  allied  to  that  of  the 
Poritida,  from  which  it  is  separated  principally  by  the  fact  that  the 
walls  of  adjacent  corallites  are  not  undistinguishably  fused  (though 
they  may  appear  to  be  so  in  specimens  in  bad  preservation),  while 
the  perforations  in  the  walls  are  in  the  form  of  more  or  less  definite 
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"mural  pores."  As  here  restricted,  the  family  is  exclusively  Pateo- 
zoTin  its  range,  the  earliest  known  types  appearing  in  the  Ordo- 
vida"  while  the  latest  are  found  in  the  Carboniferous  rocks.  The 
gieat  majority  of  forms,  however,  are  Silurian  and  Devonian. 

There  are  certain  appearances  in  thin  sections  of  the  Favositid^^  ^s 
seen  unde  the  microscope,  which  it  is  desirable  to  j^nderstand  In  Ae 
fir^^Dlace  the  individual  corallites  of  the  colony  have  distinct  wa  Is 
H  nctTnt*n  sections  (fig.  194,  A  and  c),  the  P-Jf .-^^^^j^^S^;,^^^ 
rnnticnious  tubes  usually  exhibits  a  central  dark  or  light  me  (the  prim 
o?3ial^van")  bounded  on  each  side  by  a  layer  of  fibrous  "  stereoplasma. 
?n  badly  preserx^ed  specimens  it  may  not  be  possible  to  demonstrate  the 
irimord^al  mural  plate  in  thin  sections,  but  the  real  distinctness  of  the 
?Sites  is  shown^y  the  fact  that  in  fn^ctured  examp  es  the  individual 
tubes  commonly  separate  from  one  another  along  the  Ime  of  this  plate, 
each  tube  thus  retaining  its  own  proper  wall. 

S  Ae  second  place,  The  so-called  "  mural  pores  "  of  the  Favoszhdce^^^^ 
rounded  or  oval  apertures,  usually  arranged  m  longitudinal  senes,  which 
perforate  the  walls  of  adjacent  corallites  and  place  adjoining  visceial 
chambers  in  direct  communication.  They  are  sometimes  not  completed, 
since  the  thin  ■"  primordial  wall"  which  separates  contiguous  tubes  is 
sometimes  not  actually  perforated.  The  mural  pores  are  most  regular  in 
form  and  distribution  in  the  gemis  Favosites,  in  which  the  pores  are  olten 
surrounded  by  slightly  raised  margins,  and  are  arranged  m  one  or  more 
series  along  the  flat  faces  of  the  prismatic  corallites  (fig.  195,  D).  in  sucti 
genera  as  Pachypora,  where  the  corallites  have  greatly  thickened  walls, 
the  mural  pores  assume  the  character  of  tubes  rather  than  of  mere  pores, 
and  in  such  cases  they  often  perforate  the  walls  in  a  tortuous  manner. 
As  regards  their  recognition  in  thin  sections,  mural  pores  appear  in 
transverse  sections  of  the  tubes  (fig.  194,  A,  B,  c)  as  gaps  or  deficiencies 
in  the  wall  fonning  the  circumference  of  the  corallite,  the  size  of  this  gap 
depending  on  the  size  of  the  pores.  In  vertical  sections  (fig.  194,  A  ,  B  ,  C  ) 
the  pores  may  similarly  present  themselves  as.  gaps  in  the  walls  of  the 
corallites.  It  very  commonly  happens,  however,  that  a  vertical  section 
may  in  part  run  along  the  actual  wall  of  the  corallites,  instead  of  merely 
dividing  the  tube  longitudinally  ;  and  when  this  happens,  the  mural  pores 
are  seen  as  round  or  oval  perforations  in  the  wall  within  the  space 
included  between  the  lateral  boundaries  of  the  tubes. 

The  principal  genus  of  the  Favositida  is  Favosites  ( =  Calamopora, 
Goldfuss)  itself,  the  species  of  which  range  from  the  Ordovician  to 
the  Carboniferous  inclusive.  In  this  genus  the  corallum  (fig.  195) 
is  commonly  massive  and  often  of  large  size,  but  in  other  cases  it 
may  be  lobate  or  branched.  The  corallites  are  numerous,  usually 
more  or  less  conspicuously  polygonal,  with  thin  and  distinct  walls. 
The  mural  pores  are  arranged  in  rows  along  the  flat  faces,  or,  more 
rarely,  along  the  angles,  of  the  prismatic  corallites.  In  the  former 
case,  each  face  of  the  tube  may  carry  one,  two,  or  three  rows  of 
pores,  this  being,  generally,  a  constant  feature  in  different  species. 
There  are  numerous  tabula;,  and  these  structures  are  usually  "  com- 
plete "  {i.e.,  they  stretch  entirely  across  the  visceral  chamber) ;  but 
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they  may  be  "  incomplete."  In  no  instance  are  the  tabute  "  cys- 
toid  " — that  is  to  say,  they  do  not  anastomose  so  as  to  give  rise  to  a 
vesicular  tissue  of  arched  cells.  The  septa  in  Favosites  are  some- 
times wanting,  but  are  usually  represented  by  vertical  rows  of 
pointed  tubercles  or  of  slender  calcareous  spines.  As  previously 
mentioned,  the  tabulse  in  some  species  of  Favosites  are  "incom- 


Fig.  195. — A,  A  specimen  of  Favosites  Gothlandica,  Lam.,  from  the  Niagara  Limestone  (Wen- 
lock)  of  Owen  Sound,  Ontario,  of  the  natural  size  ;  b,  A  small  example  of  the  same  species  from 
the  Wenlock  Limestone  of  Dudley,  with  comparatively  minute  corallites,  of  the  natural  size  ;  c, 
Fragment  of  the  same  species,  with  large-sized  corallites,  from  the  Wenlock  Limestone  of  Got- 
land, of  the  natural  size ;  D,  Part  of  two  corallites  of  the  same  species,  from  the  Corniferous 
Limestone  (Devonian)  of  Woodstock,  Ontario,  slightly  enlarged.  (Original.) 


plete,"  having  the  form,  some  or  all  of  them,  of  thin,  close-set  trans- 
verse plates  which  only  extend  across  about  one-third  or  one-half 
of  the  diameter  of  the  visceral  chamber.  This  condition  of  the 
tabulae  is  characteristic  of  such  forms  as  the  Devonian  F.  hefni- 
spherica  (fig.  196),  and  the  generic  name  of  Enwwnsia  has  been 
proposed  for  these. 

Nearly  allied  to  Favosites  is  the  genus  Pachypora,  in  which  the 
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corallum  is  usually  lobate  or  dendroid,  and  the  corallites  have  their 
walls  more  or  less  extensively  thickened  by  a  secondary  deposit  of 
stereoplasma,  the  visceral  chambers  thus  becoming  more  or  less 
contracted,  especially  in  the  peripheral  region  of  the  colony  (fig.  19  7}- 


Fig.  196 — Fragment  of  Favosiies  {Em- 
monsia)  heinispherica,  of  the  natural  size. 
Devonian,  America,    (.^fter  Billings.) 


Fig.  197. — A,  Transverse  section  of  a  few  coral- 
lites Fachyjiora  Nicholsoni,  Freeh,  from  the  De- 
vonian of  the  Eifel,  enlarged  seven  times,  showing 
the  thickened  walls  of  the  corallites ;  B,  Vertical 
section  of  a  few  tubes  of  the  same.  /,  Mural  pores. 
(Original.) 


The  tabulae  in  this  genus  are  straight  and  complete ;  the  septa  are 
usually  rudimentary  ;  and  the  mural  pores  are  generally  large  and  uni- 
serial,  being  converted  into  tubes  in  the  more  highly  thickened  por- 
tions of  the  corallites.  The  species  of  Pachypora  are  mostly  Silurian 
and  Devonian,  but  some  forms  appear  to  occur  in  the  Carboniferous 
rocks.  Closely  related  to  Pachy- 
pora is  the  Silurian  and  Devonian 
genus  Striatopora  (fig.  198),  in 
which  the  corallites  also  have 
greatly  thickened  walls,  but  the 
calices  are  surrounded  by  a  cup- 
shaped  thickened  margin,  the 
floor  of  which  is  striated  by 
rudimentary  septal  ridges.     An-    Fig.  198.— Fragment  of  ^'/r/a/o/ora^^jrjiwrt 

.1  ii-    1     .  .       ,1  of  the  natural  size,  and  two  calices  enlarged. 

other  allied  type  is  the   genus  siiurian.  (After  Haii.) 


Trachypora,  the  species  of  which 
are  principally  Devonian.  Here 


we  may  also  place  the  curious 


Silurian  genus  Laceripora,  in  which  the  mural  pores  are  uniserial 
and  of  large  size,  and  the  septa  are  in  the  form  of  marginal  ridges. 

The  genus  Alveolites  is  the  type  of  another  group  of  Favositidce 
in  which  the  corallites  are  usually  more  or  less  compressed,  so  as 
to  appear  triangular,  or  semilunar,  or  crescentic  when  transversely 
divided.    The  septa  are  usually  present  in  the  form  of  one,  two., 
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or  three  elongated  tooth-like  ridges  (fig.  199);  but  in  some  species 
the  corallites  possess  strong  ascending  calcareous  spines,  the  nature 
of  which  is  different.  The  mural  pores  are  uniserial  and  of  large 
size,  and  the  tabulte  are  complete  and  more  or  less  horizontal. 

The  species  of  Alveolites  usually  have 
a  branched  or  massive  corallum,  the 
latter  usually  formed  of  superimposed 
crusts ;  and  they  are  found  in  the 
Silurian  and  Devonian  deposits.  An 
allied  genus,  with  a  similar  geological 
range,  is  Ca'iiites,  in  which  the  coral- 
lites are  greatly  compressed,  and  are 
much  thickened  towards  their  mouths. 

Another  group  is  constituted  by 
the  genera  Pleurodictyum  and  Michel- 
inia,  in  both  of  which  the  tabulfe 
are  more  or  less  "cystoid"  or  ves- 
Fig.  199.— Caiices  of  Alveolites  sub-  icular,    and   the    uiural   porcs  are 

orbicularis.    Lam.,     greatly    enlarged,  irr^^milir        Tt-   i"c     i"nHA<:>H  -iifri,! 

showing  the  single  septal  ridge.  Devon-  Very  irrcgular.  it  IS,  maeeQ,  very 
ian,  Eifei.  (After  Goidfuss.)  doubtful  if  these   two  genera  can 

be  separated,  and  in  case  of  their 
union  the  name  of  Michelinia  will  have  to  be  abandoned.  In 
Pleurodictyum  (fig.  200)  the  corallum  is  discoid;  with  a  flat  or  con- 
cave base,  covered  with  an  epithecal  plate,  and  attached  at  one  point 
to  a  foreign  body.  The  corallites  are  polygonal,  and  diverge  from 
the  centre  of  the  base,  those  on  the  circumference  being  nearly  hori- 
zontal or  even  bent  downwards,  while  the  median  ones  are  more  or 
less  perpendicular.  The  mural  pores  are  numerous  and  quite  irreg- 
ular ;  and  in  one  species  there  is  the  singular  feature  that  the  mural 
pores  of  the  under  sides  of  the  peripheral  corallites  pass  directly 
through  the  basal  plate  of  the  colony,  which  thus  becomes  perforated. 
The  tabulae  often  inosculate,  and  become  to  some  extent  vesicular, 
but  these  structures  are  comparatively  few  in  number,  and  the  "  cys- 
toid" character  of  the  tabulae  is  thus  little  marked.  The  genus 
Pleurodictyum  is  wholly  Silurian  and  Devonian,  so  far  as  known, 
\i  Michelinia  be  excluded  from  it.  The  best  known  species  is  the 
P.  problematicum  of  the  Devonian  rocks  of  Europe,  the  singular 
discoid  casts  of  which  (fig.  200,  a)  are  commonly  found  in  the 
Lower  Devonian  of  the  Eifel.  In  these  casts  the  conical  columns 
(fig.  200,  b)  represent  the  moulds  of  the  visceral  chambers  of  the 
corallites,  and  the  little  cylindrical  rods  connecting  these  are  the 
result  of  the  infilling  of  the  mural  pores.  A  singular  feature  in  these 
casts  is,  that  there  is  generally  to  be  seen  a  curious  cylindrical 
twisted  body  (fig.  200,  a)  in  the  centre  of  the  base.  This  "worm- 
like body"  has  been  very  generally  recognised  in  specimens  of 
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of  d,ffere„.  spec,es  and  r™^^^^^^^^^^ 


OHg  nal);  D?Lowef surface  of  another  example  of  the  same  of  the  natural  f^^^^toTd"g '^^j^^^  " 
aVed  epitheca,  and  the  point  where  the  corallum  was  attached  to  the  stem  of  a  Crmoid  (Origmal). 

way  as  a  Sipunculid  {^Aspidosiphon)  is  found  in  constant  association 
with  the  corallum  of  the  existing  Heteropsammia. 

The  genus  Michelinia  is  in  all  its  essential  characters  identical 
with  Fleurodictyum,  but  the  corallum  is  massive  (fig.  201),  and  the 
tabulfe  are  numerous,  and  inosculate  so  as  to  give  rise  to  a  tissue  of 
arched  vesicles.  The  epitheca,  also,  commonly  gives  off  root-like 
processes  of  attachment.  The  species  of  Michelinia  are  all  Devonian 
and  Carboniferous. 

It  remains  to  briefly  notice  certain  transitional  types  by  which  t\\&  Fay- 
ositida:  are  connected  with  the  Poritidce  on  the  one  hand  and  the  ^y^-zw- 
zoporida:  on  the  other  hand.  Thus,  a  near  approach  to  A  Iveopora  amon^ 
the  Poritidce  is  effected  hy  the  remarkable  Ordovician  genus  Calapwcia 
[  =  Colum7topord)}    The  coraHum  in  this  genus  is  massive,  and  is  com- 


1  An  examination  of  the  original  specimens  has  clearly  shown  that  the  forms 
described  by  Billings  under  the  name  of  Calapacia  are  identical  with  those 
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posed  of  polygonal  corallites,  which  are  usually  directly  connected  bv  their 
walls  and  agree  with  those  of  the  Favositidce  in  possessing  a  primordial 
mural  plate.    A  true  coenenchyma  is  in  general  wanting,  but  in  some 


Fig.  20I. — Mickelinia  convcxa  (D'Orbigny).  Devonian. 

specimens  the  corallites  are  in  places  connected  by  the  intervention  of  a 
small  quantity  of  exothecal  tissue.  The  walls  of  the  corallites  are  per- 
forated by  rows  of  large  mural  pores,  which  are  placed  close  together  and 
give  the  wall  a  lattice-like  appearance.     The  septa  are  in  the  form  of 


Fig.  202. — A,  A  fragment  of  a  colony  of  Syringoliies  Huronciisis,  Hinde,  of  the  natural  size; 
B,  A  single  calice  of  the  same,  enlarged  eight  times,  showing  the  central  tube,  and  radiating  lines 
of  septal  tubercles ;  c,  Part  of  a  corallite  of  the  same,  split  open,  and  enlarged  six  times,  showing 
the  composition  of  the  central  tube  out  of  invaginated  tabulae  ;  d.  Part  of  a  corallite  of  the  same, 
viewed  from  the  exterior  and  enlarged  six  times,  showing  the  mural  pores.  Niagara  Limestone, 
Manitoulin  Island,  Ontario.  (Original.) 

marginal  ridges,  and  the  tabulte  are  complete  and  horizontal,  and  do  not 
give  rise  to  a  vesicular  tissue  by  their  union.  \ 


described  by  the  present  writer  under  the  head  of  Coluiunopora,  and  the  latter 
name  must  therefore  be  abandoned.  Of  the  forms  included  by  Billings  under 
Calapacia,  only  one — viz.,  C.  Anticostiensis — was  figured,  and  this  proves  to  be 
really  quite  dilferent  from  the  others,  and  to  be  nearly  related  to  the  genera  Syrin- 
S^ophyllum  and  Thecostegitcs . 
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be  nfcomposed  of  contiguous  polygonal  corallites,  with  distinct  waUs 
vvhich  are  greatly  thickened  internally  by  a  secondaiy  deposit  of  stereo- 
nlasma  and  are  perforated  by  well-marked  tubular  mural  pores,  but 
labuli  are  funnel-shaped  and  are  invaginated  in  a  manner  precisely 
similar  to  that  which  is  so  characteristic  of  Sjyrzn^opom. 

The  genus  Romingeria,  of  the  Silurian  and  Devonian  rocks  of 
North  America,  affords  another  transitional  link  between  the  Favo- 
sitida  and  the  Syringoporidce.  The  corallum  in  this  genus  (fig.  203) 
is  lax  and  spreading,  erect  or  semi-erect,  and 
composed  of  cylindrical  tubular  corallites  which 
are  produced  by  gemmation  in  umbellate  whorls 
or  verticils.  The  tubes  are  largely  free,  but 
where  their  walls  come  in  contact,  the  visceral 
chambers  are  placed  in  communication  by  dis- 
tinct mural  pores.  The  tabulae  are  remote,  and 
in  general  horizontal,  and  the  septa  are  repre- 
sented by  vertical  rows  of  calcareous  spines. 

Family  5.  SyringoporidcB. — This  family  includes 

Fig.  203. — Portion  of 

a  number  of  Pateozoic  corals  in  which  the  skele-  %T:^^i^lnMt^ 

ton  is  composite,  usually  fasciculate  in  form  (figs,    natural  size.  Devonian 
'  1      r       1  ■    J  •     '  1     (Corniferous  Limestone), 

204-207),  and  is  composed  of  cylindrical  coral-  Canada.  (Original.) 
lites  which  in  general  are  not  in  actual  contact, 
but  mosdy  have  their  visceral  chambers  placed  in  direct  communica- 
tion by  means  of  hollow,  cylindrical  connecting-processes  or  horizontal 
platforms,  which  are  periodically  produced.    In  many  cases  the  coral- 
lites come  into  actual  contact  in  parts  of  the  corallum,  and  where 
this  occurs  their  walls  are  pierced  by  mural  pores  similar  to  those 
of  the  Favositida.    The  tabulse  are  well  developed,  and  are  usually 
funnel-shaped,  but  they  are  sometimes  vesicular,  or  may,  rarely,  be 
simply  curved.    The  septa  are  in  the  form  of  vertical  rows  of  cal- 
careous spines.    The  mode  of  increase  is  by  basal  or  stolonal  gem- 
mation, or  by  the  production  of  new  buds  from  the  connecting- 
processes  or  floors.    The  oldest  members  of  this  family  appear  in 
the  Ordovician  rocks,  and  the  last  appear  in  the  Carboniferous. 

The  affinities  of  the  Syringoporidce.  have  been  much  disputed,  and 
the  type-genus  Syringopora  has  commonly  been  placed  among  the 
Alcyonaria,  and  has  been  regarded  as  a  near  ally  of  the  recent 
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Tubipora.  To  the  present  writer  the  evidence  in  favour  of  the 
view  that  the  Syringoporidce  constitute  a  peculiar  group  of  the 
Madreporaria  Perforata,  and  that  they  are  nearly  related  to  the 
Favositida,  appears  to  be  exceedingly  strong,  and  may  be  briefly 
summed  up  as  follows  : — 

a.  The  hollow  connecting-processes  of  Syringopora  are  morpho- 
logically  nothing  more  than  mural  pores  as  existing  between  coral- 
lites  which  are  not  in  actual  contact,  and,  like  mural  pores,  they  place 
the  visceral  chambers  of  contiguous  tubes  in  direct  communication, 

b.  In  many  members  of  the  Syringoporidcc  the  corallites  do 


F!g.  lad.—Syrlngopora  Dalmani.  Fig.  107 .—Syringopora  comfacta. 

Silurian.  Silurian. 


partially  come  into  direct  contact,  and  wherever  this  occurs,  mural 
pores  of  the  ordinary  Favositoid  type  are  developed. 

c.  The  septa  have  the  form  of  vertical  rows  of  calcareous  spines, 
as  is  also  the  case  in  the  typical  members  of  the  Favositidce. 

d.  The  Favositoid  genera  Syrmgolites  and  Roemeria  possess  the 
infundibuliform  tabute  of  Syringopora  in  combination  with  the 
contiguous  coraUites  and  serially  disposed  mural  pores  of  Favosites 
and  Pachypora. 

e.  On  the  other  hand,  the  Syringoporoid  genera  Caimapora, 
Chonostegites,  Thecosiegttes,  and  Syringophyllum  have  the  general 
characters  of  Syritigopora  as  regards  the  form  of  the  corallum  and 
the  mode  of  increase,  but  resemble  different  members  of  the  Favo- 
sitidce  in  the  characters  of  the  tabute,  and,  occasionally,  in  the 
possession  of  "mural  pores." 
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/  Lastly,  the  skeleton  in  Syringopora  and  its  allies  is  never 
composed  of  spicules,  as  it  is  in  Tubipora,  but  its  microscopic 
structure  agrees  precisely  with  that  of  the  corallum  in  the  Madre- 
poraria  generally. 

It  should  be  added,  however,  that  though  it  would  appear  highly 
probable  that  the  real  affinities  of  the  Syringoporidcz  are  with  the 
Madreporaria,  the  members  of  this  family  show  a  resemblance  to 
the  Alcyonarians  in  the  fact  that  their  common  mode  of  increase  is 
by  stolonal  or  basal  gemmation,  and  in  this  respect  they  differ 
altogether  from  the  typical  Perforate  Madreporarians ;  though  this 
single  feature  cannot  be  allowed  to  counterbalance  their  numerous 
and  striking  points  of  resemblance  to  the  Favositida. 

The  typical  genus  of  the  SyringoporidcB  is  Syringopora  itself,  in  which 
the  corallum  commences  as  a  prostrate  network  of  tubes,  resembling  in 
form  a  colony  of  Aulopora.  In  process  of  growth,  this  basal  network 
sends  up  numerous  vertical,  flexuous,  cylindrical  corallites,  which  are  not 
in  direct  contact,  though  sometimes  {e.g.,  in  S.  laxatd)  they  become 
directly  united  here  and  there.  The  corallites  are  enclosed,  each,  in  a 
thick  proper  wall,  and  they  are  usually  united  by  hollow  cylindrical  con- 
necting-processes (figs.  204-207)  which  occasionally  {e.g.,  in  6".  tabulatd) 
assume  the  form  of  horizontal  laminar  floors.  These  connecting-processes 
place  the  visceral  chambers  of  adjoining  tubes  in  direct  communication, 
and,  as  shown  in  thin  sections  (fig.  208),  they  are  traversed  by  con- 
tinuations of  the  endothecal  tissue  of  the  polypes  themselves.  The  septa 
are  sometimes  nearly  obsolete,  but  they  usually  have  the  form  of  vertical 
rows  of  calcareous  spines.  The  tabulae  are  well  developed,  and  are  in 
general  more  or  less  regularly  funnel-shaped  (fig.  208,  a),  and  give  rise 
by  their  invagination  to  a  more  or  less  continuous  tube  occupying  the 
axis  of  the  visceral  chamber.  The  species  of  Syringopora  ai"e  abundant 
in  the  Silurian,  Devonian,  and  Carboniferous  deposits,  and  often  reach 
a  large  size. 

In  the  Silurian  genus  Cannapora,  the  general  form  of  the  corallum  is 
like  that  of  Syringopora,  but  when  connecting-processes  are  present 
these  are  very  short,  and  the  corallites  are  usually  partially  in  contact, 
in  which  case  they  assume  a  polygonal  form  and  are  perforated  by  mural 
pores.  The  tabulee  are  sometimes  funnel-shaped,  sometimes  simply 
curved,  and  the  septa  are  spiniform. 

We  may  also  include  in  this  family  the  remarkable  Devonian  genus 
Chonostegites,  which  proves  to  be  a  link  between  the  Syringoporidce 
and  FavositidcE,  and  has,  indeed,  been  included  in  the  latter  family. 
The  corallum  in  this  genus  is  massive,  and  is  composed  of  cylindrical 
corallites  which  may  be  partially  in  contact,  but  are  usually  separate 
and  are  connected  by  numerous  close-set,  concentrically  disposed,  hori-  - 
zontal  connecting-floors  or  laminar  expansions.  These  periodic  floors 
are  so  far  exothecal  that  they  are  extensions  from  the  walls  of  the  coral- 
lites, but  they  are  hollow,  and  are  filled  with  prolongations  of  the  en- 
dothecal tissues  of  the  corallites  themselves,  so  that  they  place  the 
visceral  chambers  of  contiguous  tubes  in  direct  communication.  In 
places,  the  corallites  come  into  direct  contact,  and  in  this  case  their 
visceral  chambers  communicate  by  mural  pores  precisely  similar  to 
those  of  the  Favositida.  The  septa  have  the  form  of  rows  of  cal- 
careous spines,  and  the  tabulte  differ  from  those  of  Syringopora  and 
VOL.  I.  V 
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agree  with  those  of  Michelinia  in  being  vesicular  or  "cystoid"  in 
structure.    The  increase  of  the  corallum  is  by  basal  gemmation,  or  by 

budding  from  the  hollow 
periodic  expansions  in 
the  intervals  between 
the  old  cups.  In  the 
mode  of  increase,  Chono- 
stegites  resembles  Sy- 
ringopora,  and  the  hol- 
low periodic  floors  may 
be  considered  as  homo- 
logous with  the  hollow 
connecting-tubes  of  the 
latter.  On  the  other 
hand,  in  the  possession 
of  vesicular  tabulae  and 
in  the  presence  of  mural 
pores  in  parts  where  the 
corallites  touch  each 
other,  the  genus  closely 
approaches  to  Micheli- 
nia. Nearly  related  to 
Chonostegites  is  the  Or- 
dovician  and  Silurian 
genus  Syringophylhan, 
and  we  may  also  place 
here  the  Devonian  genus 
Thecostegites.  In  both 
these  genera  the  coral- 
lum consists  essentially 
of  cyhndrical,  tabulate 
corallites  which  are 
placed  in  connection 
with  one  another  by 
hollow,  periodically  pro- 
duced, laminar  floors, 
into  which  the  endothe- 
cal  tissues  of  the  polypes 
are  directly  continued  ; 
but  in  some  cases  these 
floors  are  successively 
superimposed  on  one 
another,  and  give  rise 
by  their  union  to  a  kind 
of  spurious  cosnenchy- 
ma.  The  structure  of 
the  skeleton  in  these 
genera  is,  however,  too 
complex  to  allow  of  its 
being  advantageously 
considered  here. 

Family  6.  Thccidai.—i:\(\^  family  includes  only  the  aberrant  genus 
Thecia^  the  structure  of  which  is  too  complex  to  permit  of  more  than 

1  As  the  result  of  extended  investigations,  the  writer  has  been  led  to  materially 
modify  the  views  which  he  formerly  expressed  ('  Palceozoic  Tabulate  Corals  )  as 


Fig.  2o8.— A,  Part  of  a  longitudinal  section  of  Syringofiora 
reticulata,  Goldf.,  from  the  Carboniferous  Limestone  _  of 
Kendal,  Westmorland,  enlarged  five  times,  showing  the  spini- 
form  septa  and  the  funnel-shaped  tabulae  with  their_  central 
tube.  Owing  to  the  flexures  of  the  corallites,  the  section  cuts 
the  tubes  in  different  parts,  sometimes  passing  close  to  the 
wall  and  showing  the  cut  ends  of  the  spiniform  septa,  some- 
times passing  through  the  axis  of  the  visceral  chamber  and 
bisecting  the  axial  tube,  and  sometimes  cutting  the  axial  tube 
and  its  enveloping  tabulje  in  an  oblique  manner,  b,  Part  of 
a  transverse  section  of  the  same  specimen,  enlarged  five  times, 
showing  the  spiniform  septa,  and  the  cut  edges  of  the  tabula; 
surrounding  the  central  tube.  (Original.) 
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the  briefest  description  in  this  place.  The  corallum  in  Thecia  is 
aenerally  in  the  form  of  a  laminar  expansion,  furnished  inferiorly 
with  a  striated  epithecal  membrane.  In  their  early  condition,  the 
corallites  are  often  oblique  to  the  basal  plate,  and  in  this  stage  they 
have  thin  and  apparently  distinct  walls,  the  visceral  chambers  being 
crossed  by  complete  tabute,  and  the  general  appearance  being  not 
unlike  to  that  of  some  species  of  Favosites.  Very  soon,  however, 
the  corallites  become  perpendicular  to  the  basal  plate,  and  they  then 
appear  to  lose  their  distinct  walls  and  to  become  united  by  the 
intervention  of  a  thick,  vertically  tubulated  calcareous  tissue,  which 
may  be  regarded  as  probably  of  the  nature  of  a  spurious  coen- 
enchyma,  and  from  which  the  walls  of  the  individual  corallites  are 
wholly  inseparable.  The  surface,  therefore,  exhibits  the  stellate 
calices  of  the  corallites  separated  by  an  apparently  dense  interstitial 
tissue,  marked  superficially  by  minute  tubercles,  and  by  radiating, 
often  vermicular,  grooves  which  extend  from  one  calice  to  another. 
The  visceral  chambers  of  adjacent  corallites  are  placed  in  direct 
communication  by  means  of  well-marked,  often  bent,  horizontal 
tubes,  which  represent  elongated  mural  pores.  The  septa  are  gener- 
ally twelve  in  number  in  each  corallite,  and  have  the  form  of  irregular 
vertical  ridges,  with  very  broad  bases,  which  only  extend  a  short  way 
inwards  into  the  visceral  chamber,  and  appear  sometimes  to  terminate 
along  their  inner  edges  in  blunt  spines.  The  tabulse  aie  complete, 
horizontal,  or  slightly  curved,  and  tolerably  numerous. 

The  known  species  of  Thecia  are  Silurian,  the  most  familiar  being 
the  common  T.  Swindernana  of  the  Wenlock  Limestone.  The 
coral  described  by  Rominger  from  the  corresponding  horizon  in 
America  under  the  name  of  Thecia  major  appears  to  differ  in  im- 
portant respects  from  the  European  species  of  Thecia,  and  would 
appear  to  be  nearly  related  to  the  Favositoid  genus  Laceripora. 

The  family  of  the  Thecidce,  as  above  defined,  is  separated  from 
the  FavositidcE  by  the  complete  fusion  of  the  corallites  in  the  ter- 
minal portion  of  their  course,  and  by  the  peculiar  nature  of  the 
tubulated  coenenchymal  tissue  which  separates  adjoining  visceral 
chambers.  The  fact  that  the  corallites  have  as  a  rule  twelve  septa 
each,  would  support  the  view  that  Thecia  is  to  be  regarded  as  refer- 
able to  the  Zoa?itharia  rather  than  to  the  Alcyonaria  ;  and  the  pres- 
ence of  tubes  directly  connecting  the  cavities  of  adjoining  polypes 
would  show  that  the  genus  belongs  to  the  Madreporaria  Perforata. 

to  the  structure  and  affinities  of  Thecia.  Tlie  exothecal  tubules  were  previously 
regarded  as  corresponding  with  the  "  mesopores  "  oi  Heliolites,  and  the  genus 
was  on  this  ground  placed  among  the  Alcyonaria.  The  examination  of  well-pre- 
served specimens  by  means  of  thin  sections  would,  however,  appear  to  prove 
conclusively  that  this  is  not  their  nature,  and  that  they  are  really  what  Milne- 
Edwards  and  Ilaime  described  as  a  "  spurious  coenenchyma." 
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GENERAL  CHARACTERS  AND  DIVISIONS  OF 
THE  ALCYONARIA. 


The  second  great  division  of  the  Actinozoa  is  that  of  the  Akyonaria 
or  Octactinia,  defined  by  the  possession  of  polypes  ivith  eight  pin- 
nately  fringed  tefitades,  the  mesenteries  and  inter  mesenteric  chambers 
being  also  eight  in  mimber.     The  corallum  is  tistially  sclerobasic,  or 

spicular,  or  formed  of  both  an 
axial  sclerobasis  and  detached 
spicules.  In  other  types,  the  pol- 
ypes composing  the  colony  may  be 
provided  ivith  separate  "  thecc^r 
The  Akyonaria  are  essen- 
tially distinguished  from  the 
Zoantharia  by  the  possession 
of  eight  unpaired  mesenteries 
and  eight  tentacles  (reduced  in 
some  rare  cases  to  six  or  four). 

The  mesenteries  (fig.  209)  are 
symmetrically  grouped  round  the 
oesophagus,  so  that  there  is  a 
Fii;.  209.— Transverse  section  of  a  polype  of  Al-   dorsal  intermesenteric  space,  and 
cyo7Uum,  enlarged.  (After  o.  and  R.  Hertwig.)      ventral  One,  together  with  three 

The  numbers  indicate  the  four  pairs  of  mesenteries.     ,  ^      ,  ..         ..  „u 

^  oesophagus  transversely  divided ;  /«,  One  of  lateral  Compartments   on  each 

the  eight  longitudinal  "retractor"  muscles  of  the  gj(jg_  -pj^g  "directive"  mesen- 
mesenteries  ;  ve.  Ventral  side  of  polype  ;  do.  Dorsal  .  •  r  .1  central  side  ffig"  ''OQ 
side.    Nos.  I  I,  and  4 4,  are  the  "directive    mes-     tenes  01  Uie  venuai  S  QC  (,ng.  -oy, 

enteries.  Nos.  I,  i),  have  the  longitudinal 

retractor  muscles  attached  to 
their  opposed  faces  ;  whilst  the  opposed  sides  of  the  dorsal  directive 
mesenteries  have  the  transverse  muscles.  The  mesenteries  are  not  in 
nairs  •  and  the  order  in  which  they  appear  has  not  been  precisely  in- 
vestig-'ated,  the  numbering  given  in  the  anne.ved  figure  not  being  certainly 
knovvn  to  express  the  order  in  which  these  structures  are  developed. 
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With  the  exception  of  the  two  genera  Mo?ioxema  {Haimeia,  E. 
and  H.)  and  Hartea,  the  Alcyonaria  are  all  composite,  the  tubular 
polypes  being  united  by  a  coenosarc,  and  their  body-cavities  being 
placed  in  communication  by  means  of  anastomosing  canals,  which 
ramify  in  the  ccenosarc,  and  permit  of  a  free  circulation  of  nutrient 
fluids.  The  form  of  the  colony  differs  greatly  in  different  cases,  but 
none  possess  the  power  of  independent  locomotion,  most  being 
rooted  to  foreign  objects,  or  sunk  in  the  mud.  The  polypes,  in 
most  of  the  essential  points  of  their  organisation,  agree  with  those 
of  the  Zoantharia,  the  mouth  opening  into  a  tubular  gullet,  which  in 
turn  communicates  freely  with  the  body-cavity,  and  the  oesophagus 
being  connected  with  the  body-wall  by  means  of  a  series  of  vertical 
membranous  laminse  or  "  mesenteries."  The  mesenteries,  however, 
are  only  eight  in  number,  and  are  not  paired,  one  of  the  tentacles 
corresponding  with  and  opening  into  each  intermesenteric  chamber. 

The  gullet  in  the  Alcyonaria  is  so  placed  that  its  long  axis  (fig. 
209)  corresponds  with  the  dorso-ventral  plane  of  the  body  of  the 
polype,  and  it  very  commonly  is  furnished  on  its  ventral  side  with  a 
ciliated  groove  (the  "  siphonoglyphe  "  of  Mr  Hickson). 

In  many  instances  the  colony  in  the  Alcyonaria  is  dimorphic, 
consisting  of  two  sets  of  zooids,  which  differ  from  one  another  in 
structure  and  function.  The  zooids  of  the  one  series  (generally 
called  "  autozooids)  have  the  normal  size,  and  possess  the  structures 
proper  to  the  mature  polypes ;  while  those  of  the  other  series  (gen- 
erally called  "  siphonozooids  ")  are  reduced  in  size,  and  want  certain 
structures  of  the  normal  polypes,  such  as  tentacles,  mesenterial  fila- 
ments, or  reproductive  organs.  No  siphonozooids  have  been  recog- 
nised in  Tubipora  or  in  most  of  the  Gorgonidce,  and  von  Koch 
doubts  if  the  structures  described  as  such  by  Moseley  in  Heliopora 
are  really  of  this  nature. 

The  mode  of  increase  in  the  Alcyonaria  is  typically  by  basal  or 
stolonal  gemmation,  the  parent  throwing  out  basal  extensions,  which 
commonly  unite  to  form  a  creeping  network  or  a  crust-like  expansion, 
from  which  new  polypes  are  thrown  up  at  intervals.  In  other  cases 
the  stolons  are  produced  from  the  sides  of  the  polypes  at  different 
levels  above  the  base ;  and  in  still  other  cases  {e.g.,  in  Alcyonium)  the 
stolons  coalesce  to  form  a  common  fleshy  mass  or  coenosarc.  In 
some  cases,  as  in  the  Heliolitida,  the  peculiar  mode  of  increase 
which  has  been  described  by  von  Koch  as  "  coenenchymal  gemma- 
tion "  is  observed,  but  the  nature  of  this  will  be  described  hereafter. 

There  are  no  skeletal  structures  in  Monoxenia  {Haimeia),  but  with 
this  exception  a  corallum  of  some  sort  or  another  is  produced  in  all 
the  Alcyonaria.  According  to  the  investigations  of  von  Koch,  the 
skeletal  structures  of  the  Alcyonaria  may  be  ectodermal  or  meso- 
dermal in  origin.    The  ectoderm  commonly  produces  hard  struc- 
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tures  of  a  horny  character,  in  general  hardened  by  the  deposition  of 
carbonate  of  lime.  In  some  cases  {e.g.,  in  Cornularid)  these  horny 
structures  remain  external,  forming  a  sheath  to  the  colony ;  but  in 
other  cases  the  colony  becomes  in  process  of  growth  inverted  over 
the  skeleton,  which  then  forms  a  central  horny  axis  or  "  sclerobase  " 

supporting  the  soft  parts  (fig.  210). 
The  mesoderm  may  also  produce 
skeletal  structures  in  the  form  of 
variously-shaped  crystalline  spicules 
or  "sclerites"  (fig.  123),  which  are 
composed  of  an  organic  basis  har- 
dened by  carbonate  of  lime.  In 
some  Alcyonarians  the  skeleton  con- 
sists solely  of  these  mesodermal 
spicules,  which  may  remain  en- 
tirely free  and  detached  (as  in  Al- 
cyonium),  or  may  be  fused  with  one 
another  directly  (as  in  Corallium 
"  and  Ttibipora),  or  may  be  partly 

thfo'uVry7uS-ToTo"'^.^^"Ssh^       free  and  partly  united  by  horny 

the  relation  of  the  sclerobase  to  the  soft  parts,  flatter  (aS  in  SckrOSOrdo).  In 
a.  Horny  axis  or  sclerobase,  supporting  the  \  _  .  _ 

colony  ;  e,  Ectoderm  represented  by  the  thick  other  typeS,  agam,  aS  m  GorgOllia 
dark  line;  pi.  Two  polypes;  c,  One  of  the         ,     _  .       ,         i    i   .         •     x.    „r„i  j 

coenosarcal  canals,  connecting  the  visceral  and  IsiS,  the    SkcletOn    IS  tWOtOW, 

chambers  of  the  polypes  with  one  another,  p^ncicfino-  nn  the  One  hand  of  an 
For  the  sake  of  clearness,  the  horny  axis  has   COnSlSimg  On  IIIC  UIIC  ilciuu  ui  ctii 

been  represented  of  disproportionate  thick-  a.xial  SClcrobaSC  of  ectodermal  Ori- 
ness.    (After  von  Koch.)  .  ,  ,  .        i_      j     r  r  „ 

gm,  and  on  the  other  hand  of  free 
spicules  developed  within  the  mesoderm.  The  skeleton  of  Heliopora, 
finally,  is  peculiar  in  its  structure,  and  is  probably  ectodermal  in 
origin. 

The  Alcyonaria,  so  far  as  the  living  types  are  concerned,  are 
divided  by  von  Koch  into  the  following  groups  : — 

Sub-order  I.  Alcyonacea. — Sedentary  Alcyonarians  in  which  an 
axial  skeleton  is  usually  wanting.  When  such  a  skeleton  exists  (as  in 
Corallium)  it  is  of  mesodermal  origin,  and  is  not  secreted  by  a  continuous 
epithelial  layer. 


Family  i.  Haimeidee, 
11       2.  Cornularidas, 
11       3.  Alcyonidas,  . 
,1      4.  Pseudaxonia, . 
„       5.  Tubiporidas, 
„       6.  Helioporidas, , 


Mo7toxenia,  Hartea. 
Cornularia,  Sr'c. 
Alcyonium,  &^c. 
Corallium,  Mopsca,  &'c. 
Tubipora. 
Heliopora. 


Sub-order  II.  GorgonaCEA.— Sedentary  Alcyonarians  in  which  there 
is  a  firm  sclerobasic  axis  secreted  by  a  continuous  epithelial  layer.  The 
colony  is  not  polymorphic. 

Family  7.  Gorgonidas,    .       .       .    Gorgonia,  his,  &^c. 


PSEUDAXONIA. 
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Suborder  III  PENNATULACEA.-Free-Iiving  Alcyonarians  consist- 
ing of  a  stem  and  polypiferous  branches.    The  colony  .s  polymorphic. 
Family  8.  Pennatulid^e,.      .      •    Pennaiula,  Vereiillum.S^c. 

So  far  as  the  sub-orders  are  concerned,  the  above  classification  is 
only  partially  available  for  pateontological  purposes,  as  based  upon 
characters  which  are  not  recognisable  in  fossil  forms.  There  are, 
moreover,  certain  extinct  groups  of  corals  {Hafysitidce,  Tetradiidce, 
Chcetetidce,  &c.)  which  we  must  provisionally  place  among  the 
Alcyonarians,  but  which  cannot,  with  our  present  knowledge,  be 
included  in  any  of  the  three  sub-orders  above  mentioned. 

As  regards  the  distribution  in  time  of  the  Alcyonarians,  the  fami- 
lies of  the  Haimeidce,  CormdaridcB,  Alcyonidcn,  and  Tubiporidce  have 
no  fossil  representatives,  so  far  as  is  certainly  known ;  and  only  the 
last  mentioned  of  these  requires  further  notice  here.  On  the  other 
hand,  the  families  of  the  Fseudaxonia,  Gorgottidce,  PemiatiilidcE,  and 
Helioporidce  are  all  sparingly  represented  by  fossil  types  in  the 
Secondary  and  Tertiary  deposits.  The  extinct  family  of  the  Helio- 
litidcR  is  mainly  Pateozoic,  its  earliest  representatives  appearing  in 
the  Ordovician  rocks.  In  addition  to  the  preceding,  there  are  the 
four  families  of  the  Halysitidce,  Tetradiidcs,  ChcetetidcB,  and  Aulopor- 
idcs,  the  members  of  which  are  apparently  exclusively  Palaeozoic,  but 
the  true  relationships  of  which  are  more  or  less  uncertain.  Still 
more  uncertain  is  the  systematic  position  of  the  extinct  groups  of 
the  Monticuliporidm  and  FistuliporidcB,  which  will  be  here  treated 
of  apart  from  the  Alcyofiaria. 

In  the  following  brief  account  of  the  fossil  Alcyonarians,  only 
those  families  will  be  considered  which  are  known  to  have  fossil 
representatives;  but  the  family  of  the  Tubiporidce  also  demands  a 
short  notice,  from  its  supposed  relationship  to  Syringopora. 


PSEUDAXONIA. 

This  group  of  the  Alcyonarians  comprises  forms  in  which  the 
skeleton  is  composed  of  mesodermal  spicules,  the  sclerobasic  axis, 
when  present,  not  being  secreted  by  a  continuous  epithelial  layer. 
The  spicules  are  sometimes  {Briareum)  completely  detached,  though 
even  in  this  case  they  may  form  in  part  a  tolerably  well-defined  axis. 
On  the  other  hand,  in  the  well-known  Red  Coral  {CoralHum  rubrum) 
there  is  a  dense  calcareous  sclerobase  which  is  composed  of  spicules 
or  sclerites  embedded  in  and  united  by  a  fibro-crystalHne  calcareous 
matrix  (fig.  211).  The  sclerobasic  axis  of  CoralHum  is  unjointed 
and  is  branched,  and  its  surface  exhibits  longitudinal  grooves  which 
lodged  the  larger  coenosarcal  canals  (fig.  124).  In  Melithcea  and 
Mopsea,  again,  there  is  a  sclerobasic  axis,  but  this  is  jointed,  and  is  com- 
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posed  alternately  of  soft  and  hard  segments,  the  former  being  com- 
posed of  separate  sclerites  united  by  horny  matter,  while  the  latter 
are  made  up  of  fused  spicules.  In  Sderogorgia,  finally,  there  is  an 
unjointed  axis,  consisting  of  horn  with  embedded  sclerites,  while 
there  are  also  free  spicules  in  the  soft  tissues. 

As  regards  the  geological  distribution  of  the  Pseudaxonia,  the 
genus  Corallmm  appears  to  be  represented  in  rocks  as  ancient  as 


Fig.  211. — Part  of  a  longitudinal  section  of  Corallium  mbritiii,  magnified  i8o  times,  showing 
the  spicules  of  the  skeleton  united  by  a  crystalline  or  fibrous  malri.\,  produced  by  the  calcification 
of  the  soft  interspicular  tissues.  (Original.) 

the  Jurassic,  and  the  Eocene  Tertiary  has  yielded  the  remains  of 
the  genera  Mopsea  and  Websteria,  of  which  the  former  still  survives, 
while  the  latter  is  confined  to  the  Eocene  and  is  of  uncertain 
affinities. 

TUBIPORIDyE. 

This  group  of  the  Alcyonarians  comprises  only  the  recent  genus 
Tubipora,  including  the  familiar  "  Organ-pipe  Corals."  There  is  a 
well-developed  corallum  in  Tubipora  composed  of  numerous  cylin- 
drical tubes  or  thecse,  separated  by  small  intervals,  and  connected 
with  one  another  by  horizontal  calcareous  floors,  which  form  a  series 
of  concentric  laminse  parallel  with  the  upper  surface  of  the  colony. 
These  floors  are  produced  by  the  coalescence  of  horizontal  stolons 
given  out  from  the  upper  ends  of  the  polypes,  and  new  corallites  are 
budded  out  from  their  upper  surface.  Internally  they  are  traversed 
by  horizontal  canals  which  communicate  with  the  visceral  chambers 


TUBIPORID^. 


Of  the  polypes  by  numerous  rounded  apertures  placed  at  the  points 
where  the  corallites  are  embraced  by  the  floors  (fig.  212,  a  and  b). 


Fi?  212  —A  Part  of  a  tube  of  Tubifiora  musica,  Linn.,  divided  longitudinally,  showing  the 
ooenTnes  of  the  canal-system  of  the  connecting-floors  into  the  visceral  chamber  of  the  polype;  ij, 
Part  of  a  horizontal  section  taken  at  the  level  of  one  of  the  connectuig-floors,  showing  the  canal- 
f^^tem  of  the  connecting-floor;  c,  Part  of  a  corallite  of  r«-5z>r«  divided  longitudinally,  showing 
the  axial  tube ;  in  the  lower  portion  of  the  figure  the  axial  tube  is  laid  open.  All  the  figures  are 
enlarged  five  times.  (Original.) 

In  the  interior  of  the  corallites  there  commonly  exists  a  hollow  cal- 
careous tube  (fig.  212,  c),  which  occupies  the  axis  of  the  visceral 


Fig.  213. — A,  Transverse  section  of  a  corallite  of  Tubifiora  viitsica.  Linn.,  taken  at  the  level  of 
one  of  the  connecting-floors,  enlarged  twenty  times,  showing  the  tubuli  of  the  wall ;  B,  Portion  of 
the  surface  of  one  of  the  connecting-floors,  enlarged  twenty  times,  showing  the  external  openings 
of  the  tubuli  of  the  skeleton ;  c.  Fragment  of  the  corallum  of  Tubipora,  enlarged  sixty  times, 
showing  the  composition  of  the  skeleton  out  of  spicules.  (Original.) 

chamber,  and  is  dilated  and  fused  with  the  enclosing  theca  at  the 
level  of  the  successive  connecting-floors.    This  axial  tube  is  only 
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occasionally  present ;  and  no  traces  of  proper  "  tabulee  "  (in  the  strict 
sense)  have  been  noticed  to  occur.  There  are  also  no  structures 
which  admit  of  being  regarded  as  septa. 

As  regards  the  microscopic  structure  of  the  corallum  of  Tubipora, 
the  entire  calcareous  skeleton  is  permeated  throughout  by  a  system 
of  minute  parallel  tubules,  which  sometimes  branch,  and  which 
open  on  the  surface  by  well-defined  rounded  apertures  (fig.  213,  a 
and  b).  These  canaliculi  run  at  right  angles  to  the  walls  of  the 
corallites  and  also  to  the  connecting-floors,  and  they  render  the 
skeleton  of  Tubipora  completely  and  minutely  porous.  Moreover, 
thin  sections  show  that  the  skeleton  is  made  up  of  a  network  of 
irregular  fusiform  spicules  which  are  firmly  united  with  one  another 
(fig.  213,  c). 

The  genus  Tubipora  is  not  known  to  occur  in  a  fossil  condition, 
but  the  structure  of  its  skeleton  is  a  matter  of  considerable  palseon- 
tological  importance,  as  high  authorities  regard  the  genus  as  the 
closest  living  ally  of  the  Palseozoic  genus  Syringopora.  Reasons 
have  been  previously  given  (p.  320)  for  considering  that  Syringopora 
and  its  allies  are  closely  related  to  the  Favositidce,  and  that  they 
truly  form  a  group  of  the  Madreporaria  Perforata.  It  is  sufficient, 
therefore,  to  point  out  here  that  the  skeleton  of  Tubipora  differs 
fundamentally  from  that  of  Syringopora  in  the  following  points  : — 

a.  The  entire  skeleton  is  traversed  by  minute  canaliculi,  no 
traces  of  which  are  found  in  the  compact  corallum  of  Syringopora. 

b.  The  skeleton  is  composed  of  distinct  spicules. 

c.  The  axial  tube,  when  present,  is  not  formed  of  invaginated 
"  tabulce,"  as  in  Syringopora,  and  there  is  no  evidence  of  the  .exist- 
ence of  proper  "  tabulae  "  at  all. 

d.  No  proper  septa  exist,  whereas  well-developed  spiniform  septa 
are  present  in  Syringopora. 

Upon  the  whole,  therefore,  it  would  appear  that  there  is  no  suffi- 
cient evidence  at  present  available  which  would  support  the  reference 
of  Syringopora  and  its  allies  to  the  Tubiporidce. 

GORGONID^. 

The  family  of  the  Gorgonidce,  as  defined  by  von  Koch,  includes 
those  Alcyonarians  in  which  the  colony  is  fixed,  and  is  sup- 
ported by  an  axial  sclerobase,  which  is  secreted  by  a  continuous 
layer  of  epithelium.  The  sclerobase  may  be  purely  horny  (as  in 
Gorgonia  itself),  or  it  may  be  composed  of  alternate  horny  and 
calcareous  joints  (as  in  7^/^).  The  polypes  are  all  similar  to  one 
another,  and  polymorphism  has  not  been  observed.  This  family  is 
of  little  palseontological  importance ;  but  the  genus  Isis  has  been 
recognised  in  deposits  as  ancient  as  the  Cretaceous.    Remains  re- 
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ferable  to  the  recent  genera  Primnoa  and  Gorgonella  have  also 
been  detected  in  the  Miocene  Tertiary  rocks. 


Pennatulid^e. 


This  family  includes  a  number  of  Alcyonarians  m  which  the 
colony  is  not  fixed  to  any  foreign  object,  and  is  composed,  of  a, 
central  ccenosarcal  stem  or  rachis  carrying  polypes  superiorly,  these 
being  commonly  arranged  on  longer  or  shorter  lateral  branches. 
The  polypes  are  dimorphic,  and  the  skeleton  usually  has  the  form 
of  an  unbranched,  horny  or  partially  calcified  sclerobase.  This 
group  is  also  of  small  pateontological  importance,  but  the  genus 
Pavonaria  has  been  recognised  in  deposits  of  late  Cretaceous  age, 
and  the  remains  of  Graphularia  have  been  found  in  the  Eocene 
and  Miocene  Tertiary. 


HELIOPORIDiE. 

This  family,  as  here  defined,  comprises  only  the  single  genus 
Heliopora,  in  which  there  is  a  well-developed  sclerodermic  corallum 
(fig.  214,  a)  composed  of  tabulate  tubes  of  two  sizes,  the  larger  of 
these  being  furnished  with  radiating  pseudosepta,  which  do  not 
correspond  in  number  with  the  mesenteries  of  the  living  polypes. 
The  larger  tubes  of  the  colony  ("  autopores  ")  have  usually  been 
regarded  as  the  true  corallites,  and  the  smaller  interstitial  tubes 
("  siphonopores  ")  have  been  commonly  considered  as  constituting  a 
"  coenenchyma " ;  but  the  researches  of  Moseley  on  the  living 
Heliopora  ccRrulea  have  rendered  it  probable  that  the  colony  is  really 
dimorphic,  the  sexual  zooids  occupying  the  large  tubes,  while  the 
small  tubes  lodge  imperfect  sexless  zooids.     The  large  tubes  or 
"  autopores "  are  crossed  by  well-developed  horizontal  "  tabulae," 
and  are  completely  separated  from  one  another  by  the  smaller  tubes 
or  "siphonopores,"  which  are  also  tabulate  (fig.  214,  c).  Apart 
from  their  larger  size,  the  autopores  are  further  distinguished  by  the 
fact  that  they  exhibit  internally  a  variable  number  of  longitudinal 
ridges  which  resemble  the  radiating  "  septa "  of  the  Zoantharian 
corals.    In  the  living  Heliopora  ccerulea  there  are  usually  twelve  of 
these  radiating  ridges  in  each  autopore,  but  they  can  hardly  be  said 
to  have  any  existence  as  definite  structures,  and  appear  rather  to  be 
formed  by  the  projection  into  the  cavity  of  the  autopore  of  the 
prismatic  siphonopores  which  bound  the  latter.    In  H.  Partschii, 
of  the  Cretaceous  rocks,  the  autopores  possess  from  twenty-five  to 
twenty-eight  radial  ridges  which  extend  inwards  to  some  distance, 
while  H.  macrostoma,  of  the  same  formation,  has  numerous  septal 
ridges,  but  these  are  shorter.    In  any  case  these  septal  ridges  not 
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only  are  not  at  all  constant  in  number,  but  do  not  correspond  with 
the  mesenteries  of  the  living  polypes,  these  being  always  eight  in 
number.  Hence,  the  radial  ridges  of  Heliopora  must  be  regarded 
as  "  pseudosepta,"  and  they  are  not  homologous  with  the  "  septa  "  of 
the  Madreporarians.  The  "  siphonopores  "  or  interstitial  tubes  are 
destitute  of  pseudosepta,  and  in  the  case  of  the  living  H.  ccerulea 
they  are  occupied  by  structures  which  Professor  Moseley  regards  as 


Fig.  214. — A,  Colony  of  the  recent  Heliopora  cipmlea,  of  the  natural  size  ;  B,  Portion  of  the 
surface  of  the  same,  enlarged,  showing  the  apertures  of  the  larger  and  smaller  zooids  ;  c,  Ver- 
tical section  of  a  few  of  the  "siphonopores  "  enlarged,  showing  the  tabulae.    (After  Dana.) 


probably  of  the  nature  of  rudimentary,  sexless  polypes.  These 
"  siphonozooids "  have  the  form  of  sacs  lined  by  the  endoderm, 
closed  externally,  but  communicating  with  the  cavities  of  the  auto- 
zooids  by  means  of  canals  in  the  soft  tissues. 

As  regards  its  minute  structure,  the  skeleton  of  Heliopora  con- 
sists of  fibro-crystalline  carbonate  of  lime  having  a  very  peculiar  and 
characteristic  arrangement.  When  examined  in  thin  sections  (fig. 
215),  the  corallum  is  seen  to  be  composed  of  radially  disposed,  par- 
allel, prismatic  rods,  the  apices  of  which  project  above  the  general 
surface  as  prominent  blunt  papillce  which  occupy  the  angles  of  junc- 
tion of  contiguous  siphonopores,  and  constitute  a  diagnostic  feature  of 
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the  genus  Heliopora.  The  rods  are  generally  placed,  each,  at  the 
iuncfion  of  four  siphonopores,  and  are,  therefore,  essentially  quad- 
rilateral. They  are  firmly  united  with  one  another  along  their 
opposed  sides  by  dentated  sutures,  and  they  are  excavated  along 
their  angles  by  the  siphonopores.  Each  rod  possesses  a  single  or 
multiple,  generally  elongated,  apparently  structureless  axis,  round 
which  the  calcareous  tissue  is  disposed  in  radiating  plates  of  great 
tenuity,  which  look  in  cross-sections  (fig.  215,  a)  like  fibres.  Ihe 
peculiar  prismatic  rods  just  described  may  be  regarded  as  modified 
spicules,  which  become  laterally  anchylosed.  In  the  fossil  species  of 
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Fig  215.— A,  Tangential  section  of  the  corallum  of  the  recent  Heliopora  cierjilca,  enlarged' 
twenty  times  ;  B,  Longitudinal  section,  similarly  enlarged,    au,  Autopore  ;  si,  Siphonopore  ;  a. 
Tube  of  a  parasitic  Ann^Wit  (,Leucodora);  s,  Suture  between  two  adjoining  spicules;  ta,  Tab- 
ula. (Original.) 

Heliopora  the  skeletal  structure  is  commonly  largely  affected  by 
mineralisation,  but  in  some  cases  {e.g.,  in  H.  Blainvilleand)  the 
minute  structure  of  the  corallum  can  be  shown  to  be  essentially 
similar  to  that  of  the  recent  H.  carulea.  Even  where  obliterated 
by  crystallisation,  the  minute  structure  can  be  inferred  to  have  been 
spicular,  as  the  surface  always  shows  the  characteristic  projecting 
papillte  formed  by  the  free  ends  of  the  skeletal  rods. 

It  is  worth  noting  in  connection  with  the  skeleton  of  Heliopora  that 
the  corallum  in  the  recent  H.  ccerulea  is  commonly  traversed  by  numer- 
ous Annelide-tubes  belonging  to  a  species  of  Leiicodora.  These  tubes 
are  intermediate  in  size  between  the  autopores  and  siphonopores  (fig. 
215,  a),  are  very  regularly  distributed,  and  have  their  mouths  flush  with 
the  general  surface  ;  while  they  are  not  mere  borings,  but  are  coated  by 
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a  layer  of  the  coral-substance.  For  these  reasons  they  have  all  the 
aspect  of  belonging  to  the  corallum  itself,  and  if  they  occurred  in  the 
fossil  species  of  the  genus  their  real  nature  might  very  readily  be 
mistaken. 

The  mode  of  growth  of  the  corallum  in  Heliopora  is  peculiar. 
The  siphonopores  appear  to  increase  by  means  of  "  intermural  gem- 
mation," and  not,  as  in  the  HeliolitidcB  generally,  by  fission.  On 
the  other  hand,  the  autopores,  as  can  readily  be  observed  in  the 
growing  ends  of  the  colony,  are  produced  by  what  von  Koch  has 
called  "  coenenchymal  gemmation."  In  this  process — which  will 
be  spoken  of  again  in  connection  with  Heliolites — new  autopores  are 
produced  by  the  apparent  fusion  and  coalescence  of  a  number  of  the 
siphonopores.  According  to  Moseley's  observations  on  the  recent 
H.  ccerulea,  this  is  effected  by  an  arrest  of  growth  of  one  or  more 
of  a  group  of  siphonopores  set  apart  for  the  production  of  a  fresh 
autopore.  "  The  arrested  cell  or  cells  form  a  central  floor  to  the 
new  calicle,  around  which  lies  a  circular  zone  of  contiguous,  deeper, 
and  older  cells.  The  inner  walls  of  these  cells — i.e.,  those  nearer 
to  the  centre  of  the  growing  calicle — cease  to  grow,  whilst  their 
outer  ones  continue  to  develop,  and  being  fused  together  form  the 
lateral  walls  of  the  calicle.  The  plications  in  the  wall  of  the  fully 
formed  calicle  are  to  a  great  extent  the  result  of  this  peculiar  mode 
of  growth."  The  conversion  of  a  group  of  imperfect  polypes  into  a 
single  complete  polype  is  doubtless  a  sufficiently  remarkable  phen- 
omenon ;  but  it  is  probable  that,  in  reality,  it  is  only  a  single  siphono- 
zooid  which  ultimately  becomes  developed  into  an  autozooid,  the 
remainder  of  the  siphonozooids  concerned  in  the  process  becoming 
aborted.  An  analogous  phenomenon  has  been  observed  by  von 
Koch  (' Zoologischer  Anzeiger,'  1881)  in  the  case  of  certain  of 
the  FennatuMce,  in  which  the  siphonozooids  become  converted  into 
autozooids.  The  subject  is  one  of  great  palaeontological  importance, 
since  the  same  phenomenon — as  will  be  subsequently  shown — is 
observed  in  Heliolites  and  its  allies  ;  and  it  has  been  contended  by 
Lindstrom  that  this  fact  is  seriously  opposed  to  the  view  that  the 
interstitial  tubes  of  Heliolites  are  of  the  nature  of  "  siphonopores  " 
rather  than  of  "  coenenchymal  tubes."  The  observations  of  Moseley 
upon  Heliopora  ccerulea  and  of  von  Koch  on  the  Fennattilida  de- 
prive this  contention,  however,  of  the  weight  which  might  otherwise 
be  attached  to  it. 

Since  the  researches  of  Moseley  upon  Heliopora  carulen,  it  has 
been  usual  to  include  Heliolites  and  its  allies  in  the  family  of  the 
Helioporidce.  The  latter,  however,  possess  a  skeleton  widely  differ- 
ent from  that  of  Heliopora  in  its  minute  structure,  while  the  auto- 
pores are  provided  with  an  approximately  constant  number  of  septa, 
the  nature  of  which  appears  to  be  different  from  that  of  the  pseudo- 
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septa  of  Heliopora.  For  these  reasons,  amongst  others,  Heliolites 
and  its  relations  may  be  placed,  provisionally  at  any  rate,  in  a 

separate  family.  _  ■,  -n  -c 

The  recent  Heliopora  carulea  is  found  m  the  Indian  and  Facihc 
oceans,  and  fossil  species  of  the  genus  are  found  in  the  Cretaceous 
and  Eocene  deposits.  The  imperfectly  known  genus  Polytremacis, 
from  the  Cretaceous  rocks,  appears  to  be  closely  related  to 
Heliopora. 

Heliolitid^. 

This  family  comprises  a  number  of  Palaeozoic  corals,  of  which 
the  type  is  the  widely  distributed  and  abundant  genus  Heliolites  it- 
self, and  is  closely  similar  to  the  preceding  group  in  its  general 
characters.  The  corallum  (fig.  216)  is  composite,  and  consists  of 
two  sets  of  tubes,  of  different  sizes,  of  which  the  larger  ("auto- 
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Fig.  216. — A,  Small  colony  o{  Heliolites  interstincius,  Linn.,  of  the  natural  size  ;  b,  Small  por- 
tion of  the  surface  of  the  same,  magnified,  showing  the  autopores  (a)  and  the  mouths  of  the 
siphonopores  {b) ;  c,  Vertical  section  of  the  same,  enlarged,  showing  the  tabulate  autopores 
and  the  similarly  tabulate  siphonopores  (i).  (Original.) 

pores  ")  are,  as  a  rule,  completely  separated  from  one  another  by  the 
intervention  of  the  smaller  ("  siphonopores  ").  Both  sets  of  tubes 
are  provided  with  tabulae  (fig.  216,  c),  and  the  autopores  are  fur- 
nished with  lamellar,  or  rarely  spiniform,  septa,  the  number  of 
which  is  almost  invariably  twelve  in  each  corallite.  In  some  cases 
the  septa  unite  centrally  to  form  a  reticulate  pseudocolumella. 
The  siphonopores  increase  principally  by  fission,  though  partly  by 
intermural  gemmation,  while  the    autopores    are    produced  by 
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"  coenenchymal  gemmation."  The  structure  of  the  skeleton  is  not 
spicular. 

As  regards  the  minute  characters  of  the  skeleton,  the  autopores 
and  siphonopores  are  thin-walled,  and  no  traces  of  the  peculiar  pris- 
matic rods  of  the  corallum  of  Heliopora  can  be  detected.  The 
siphonopores  are  generally  so  largely  developed  as  to  form  a  com- 
plete zone,  of  one  or  more  rows,  of  small  tubes  between  adjacent 
autopores  (fig.  216,  b)  ;  but  in  Heliolites  dubius  (fig.  217,  a)  the 
number  of  the  siphonopores  is  much  reduced,  and  contiguous  auto- 
pores are  largely  in  contact.    Both  sets  of  tubes  are  furnished  with 
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Fig.  217.— A,  Cross-section  of  Heliolites  dubius,  from  the  Ordovician  rocks  of  Esthonia,  en- 
larged ten  times ;  B,  Vertical  section  of  the  same,  similarly  enlarged,  showing  the  spiniform 
septa;  c,  Tangential  section  of  Heliolites  porosus,  from  the  Middle  Devonian  of  Biichel,shownig 
"coenenchymal  gemmation,"  enlarged  ten  times;  D,  Part  of  another  cross-section  of  the  same, 
enlarged  about  twenty  times,  showing  fission  of  the  siphonopores.  si,  Siphonopores  ;  au,  Auto- 
pores ;  au!,  Autopore  being  developed  by  " ca:nenchymal  gemmation";  p.  Incomplete  septum 
in  a  siphonopore,  indicating  partially  accomplished  fission  of  the  tube.  (Original.) 

tabula,  which  are  more  numerous  in  the  siphonopores  than  in  the 
autopores  (fig.  216,  c).  The  siphonopores  are  without  septa,  but 
the  autopores  possess  septal  ridges  or  spines,  which  are  very  variable 
in  their  development,  but  are  almost  always  twelve  in  number  in 
each  autopore.  In  some  species  {Heliolites  inter stinctus,  H.  Mur- 
chisoni,  &c.)  the  septa  are  lamellar,  but  are  rudimentary,  and  may 
even  be  represented  only  by  slight  bendings  of  the  walls  of  the  auto- 
pores.   In  other  species  {H.  porostts,  H.  parvistella,  &c.)  the  septa 
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are  lamellar,  and  extend  to  a  considerable  distance  into  the  interior 
of  the  visceral  chamber,  sometimes  meeting  to  form  a  reticu  ated 
pseudocolumella  {II.  intricatus),  or  even  showing  alternate  large 
and  small  septa  (as  in  some  examples  of  Heholites  porosus).  Lastly, 
the  septa  may  be  in  the  form  of  twelve  longitudinal  rows  of  spines 
(as  in  Heliolites  diibius,  fig.  217,  A  and  B,  and  in  the  true  Heltohtes 
niegastoma  of  M'Coy). 

As  regards  the  mode  of  growth  of  the  corallum  in  Heltohtes  and 
its  allies,  the  siphonopores  are  usually  developed  fissiparously  (fig. 
2 1 7,  d),  though  intermural  gemmation  also  occurs.  On  the  other 
hand,  the  autopores  are  produced  by  "  coenenchymal  gemmation," 
in  a  fashion  essentially  similar  to  that  which  has  been  already  de- 
scribed as  occurring  in  Heliopora.  In  Heliolites  dubiiis,  in  which  the 
siphonopores  are  reduced  to  a  minimum  (fig.  217,  A  and  b),  a  single 
siphonopore  may  sometimes  be  observed  to  be  developed  vertically 
and  directly  into  an  autopore.  More  usually,  an  autopore  is  pro- 
duced by  the  arrested  development  of  a  group  of  siphonopores 
(as  in  Heliopora)  ;  and  the  process  can  be  observed  readily  both  in 
transverse  and  longitudinal  sections.  In  the  former  (fig.  217,  c) 
the  enclosure  of  a  group  of  siphonopores  within  an  external  wall, 
and  the  gradual  development  of  the  septa  can  be  readily  made  out ; 
while  in  long  sections  a  few  of  the  siphonopores  are  seen  to  be 
suddenly  arrested  in  their  growth,  and  commonly  to  be  cut  off  by 
a  common  tabula,  their  place  vertically  being  taken  by  a  single 
autopore. 

As  regards  their  zoological  position,  the  Heliolitida  show  points 
of  relationship  on  the  one  hand  to  the  Alcyonaria,  and  on  the 
other  hand  to  the  Zoantharia.    In  the  general  features  of  the  cor- 
allum (apart  from  the  minute  structure  of  the  skeleton)  the  mem- 
bers of  this  family  show  a  striking  resemblance  to  the  unquestionably 
Alcyonarian  genus  Heliopora,  and  in  both  groups  we  find  the  sin- 
gular phenomenon  of  "  coenenchymal  gemmation."  This  remarkable 
mode  of  increase,  however,  occurs  also  in  the  family  of  the  Fistuli- 
poridce ;  so  that  undue  weight  must  not  be  assigned  to  this  alone. 
On  the  other  hand,  in  the  fact  that  the  number  of  the  septa  is 
almost  constantly  twelve,  while,  these  structures  are  sometimes  alter- 
nately long  and  short,  and  are  occasionally  in  the  form  of  rows  of 
spines,  we  have  a  decided  approach  to  various  groups  of  the  Zoan- 
tharia.   The  small  tubes  of  the  corallum  of  the  HeliolitidcB  have 
commonly  been    regarded  as  ca;nenchynial  in  their  nature,  but 
Moseley's  observations  on  Heliopora  would  strongly  support  the  view 
here  taken,  that  these  structures  are  really  tenanted  by  rudimentary 
polypes  ("  siphonozooids  "),  and  that  the  corallum  is  therefore  really 
dimorphic.    It  has  been  already  pointed  out  that  the  fact  that  the 
large  corallites  are  formed  by  an  arrested  development  and  appa- 
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rent  coalescence  of  a  number  of  the  small  tubes  does  not  really 
militate  against  the  view  that  the  latter  are  of  the  nature  of 
"  siphonopores." 

As  regards  their  distribution  iti  time,  all  the  members  of  the 
Heliolitidce  are  Palaeozoic,  and  all  are  confined  to  the  Ordovician, 
Silurian,  and  Devonian  periods. 

The  type-genus  of  the  Heliolitidce  is  Heliolites  itself,  in  which  the 
corallum  is  massive  or  branched,  and  the  siphonopores  are  polygonal, 
and  usually  regular  in  form,  and  possess  complete  walls  (figs.  216,  217). 
The  species  of  Heliolites  range  from  the  Ordovician  to  the  Devonian, 
and  are  very  abundant  in  the  Silurian  rocks  proper. 

In  the  genus  Plasmoi)ora  (fig.  218)  the  corallum  is  like  that  of 
Heliolites  in  general  structure  and  appearance,  but  the  walls  of  the 


Fig.  218.— A,  Transverse  section  of  a  specimen  of  Plasmopora  petaliformis,  Lonsd.,  from  the 
Wenlock  Limestone  of  Gotland,  enlarged  five  times  ;  u,  Transverse  section  o{  Plasmopora  scita, 
E.  and  H.,  from  the  Wenlock  Limestone  of  Gotland,  enlarged  five  times;  c,  Vertical  section  of 
the  same  specimen,  similarly  enlarged.  (Original.) 

siphonopores  are  incomplete  or  obsolete,  and  their  tabulae  are  thus 
enabled  more  or  less  largely  to  coalesce,  and  give  rise  to  a  vesicular 
tissue  of  lenticular  cells  (fig.  218).  There  are  generally  from  two  to  five 
rows  of  siphonopores  between  adjoining  autopores,  and  the  septa  may  be 
either  lamellar  or  spinulose.  The  species  of  Plasmopora  are  pnncipally 
found  in  the  Ordovician  and  Silurian  rocks,  but  Devonian  forms  are  also 
known.  The  Silurian  deposits  also  contain  various  corals  closely  related 
to  Plasmopora,  for  which  the  names  of  Propora  and  Pinacopora  ha\^e 
been  proposed,  but  these  titles  cannot  be  considered  as  of  more  than 
sub-generic  value.  In  both  these  groups  the  siphonopores  are  much 
reduced  in  number,  and  the  autopores  are  correspondmgly  close-set ;  the 
calices  of  the  autopores  being  elevated  above  the  general  surface  in 
Propora,  but  flush  with  the  surface  in  Pinacopora,  and  the  corallum  in 
the  latter  being  typically  discoid  in  form. 
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HALYSITIDiE. 

This  family  comprises  only  the  familiar  Ordovician  and  Siluri&n 
corals  known  commonly  as  "Chain-corals,"  and  constituting  the 
single  genus  Halysites.  The  corallum 
in  Halysites  (fig.  219)  is  fasciculate  and 
reticulate,  composed  of  long,  tubular, 
cylindrical  corallites,  which  are  placed 
side  by  side  in  intersecting  and  anasto- 
mosing laminae  or  lines,  any  given  coral- 
lite  being  united  with  its  neighbours  to 
the  right  and  left  along  its  whole  length, 
and  each  lamina  of  the  corallum  con- 
sisting of  no  more  than  a  single  linear 
series  of  tubes.  Each  tube  is  enclosed 
in  a  strong  imperforate  wall,  surrounded 
on  its  free  sides  by  a  thick  epitheca ; 
and  there  may  be  a  distinct  division  of 
the  corallites  into  two  ^series  of  different 
sizes,  in  which  case  a  single  small  tube 
is  placed  between  each  pair  of  the  larger 
tubes.  In  other  cases  all  the  tubes  are 
similar  in  size  and  structure.  Septa  may 
be  wanting,  and,  when  present,  have  the 
form  of  vertically  disposed  rows  of  spines, 
in  cycles  of  twelve.  The  tabulae  are 
complete,  horizontal,  or  slightly  concave,  not  vesicular,  the  smaller 
corallites  (when  present)  being  much  more  closely  tabulate  than  the 
larger  ones. 

The  species  of  Halysites  may  be  divided  into  two  groups,  according 
as  the  corallum  is  composed  throughout  of  corallites  of  one  size,  or 
consists  of  two  sets  of  corallites  of  different  sizes.  The  common 
H.  escharoides  of  the  Silurian  rocks  (fig.  219,  and  fig.  220,  a)  is  an 
example  of  the  forms  in  which  all  the  corallites  are  similar.  On 
the  other  hand,  in  the  familiar  H.  catenularia  of  the  same  formation, 
the  corallum  consists  of  large  corallites  separated  by  the  intervention 
of  small,  closely  tabulate  tubes  (fig.  220,  b  and  c).  Septa  are  some- 
times absent  (fig.  220,  b),  but  in  other  instances  they  are  well  devel- 
oped (fig.  220,  a).  When  present,  the  septa  always  have  the  form 
of  vertical  rows  of  spines,  twelve  of  such  rows  being  usually  recog- 
nisable in  each  corallite.  The  mode  of  growth  of  the  corallum  is 
by  "  stolonal  gemmation,"  the  colony  in  its  early  condition  being  not 
unlike  that  of  an  Aulopora. 

The  zoological  position  of  the  genus  Halysites  cannot  be  regarded 
as  certain,  but  it  would  appear,  on  the  whole,  to  be  most  nearly 


Fig.  219. — a,  Upper  surface  of  a 
fragment  of  Halysites  escharoides, 
from  the  Silurian  rocks  of  Canada, 
of  the  natural  size ;  b.  Part  of  the 
same  enlarged.  (Original.) 
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related  to  the  Heliolitidce.  At  the  same  time,  there  are  indications 
of  a  possible  relationship  between  Halysites  and  the  Syringoporidce. 
This  is  particularly  shown  by  the  peculiar  coral  described  by  Mr 
Etheridge  from  the  Arctic  Silurian  rocks  under  the  name  of  Haly- 
sites catenulatus,  var.  Feildeni,  which  has  the  fortn  of  Halysites,  but 


Fig.  220. — A,  Transverse  section  of  Halysites  escharoides.  Lam. ,  from  the  Silurian  of  Gotland, 
enlarged  ten  times,  showing  the  spiniform  septa,  and  the  absence  of  a  series  of  small  corallites ; 
u,  Transverse  section  of  Halysites  catenulnria^  Linn,,  from  the  Wenlock  Limestone  of  Dudley, 
enlarged  five  times,  showing  the  absence  of  septa,  and  the  presence  of  a  series  of  small  corallites  ; 
c,  Vertical  section  of  a  few  corallites  of  the  last  specimen,  enlarged  five  times,  showing  the  large 
and  small  corallites,  and  the  difference  in  the  tabulation  of  these.  (Original.) 

in  which  the  corallites  resemble  those  of  Syringopora  in  being  fur- 
nished with  connecting-tubes.  This  singular  type  cannot,  however, 
be  regarded  as  properly  belonging  to  Halysites. 

Tetradiid^. 

This  small  family  includes  only  the  single  genus  Tetradium, 
which,  so  far,  has  only  been  detected  in  the  Ordovician  rocks  of 
North  America.  In  this  genus  the  corallum  (fig.  221)  is  massive, 
and  is  composed  of  long,  prismatic  and  closely  contiguous  corallites, 
which  are  of  small  size,  and  have  imperforate  walls.  The  tubes  are 
furnished  with  longitudinal  inflections  or  plications,  generally  four  in 
number  in  each  tube,  which  do  not  reach  the  centre  of  the  visceral 
chamber,  and  which  give  a  characteristic  cruciform  or  petaloid  aspect 
to  cross-sections  of  the  coraUites  (fig.  221,  b).  These  longitudinal 
pUcations  are  apparently  to  be  regarded  as  of  the  nature  of  septa 
or  pseudosepta.  The  tubes  are  crossed  by  numerous  tabula;  (fig. 
221,  c),  which  are  sometimes  complete,  but  are  at  other  times  per- 
forated by  central  apertures  (as  in  the  tabulae  of  some  species  of 
Stenopora).    The  mode  of  increase  appears  to  be  by  fission. 

Tetradium  appears  to  be  related  to  Halysites,  but  its  true  affinities 
and  zoological  position  are  uncertain. 


CHiETETID^. 


CHiETETID/E. 

This  family  includes  only  the  single  genus  Ckceteles,  all  the  known 
ecies  of  which  are  found  in  the  Carboniferous  rocks,  though  van- 


Fig  221  —A  Fragment  ol  a  large  corallum  of  Tciradium  minus,  Safford,  from  the  Cincinnati 
Group  of  North  America,  of  the  natural  size  ;  B,  Transverse  section  of  the  same,  enlarged  ten 
times,  showing  the  petaloid  form  of  the  tubes  and  the  short  septa ;  c,  Vertical  section  of  the  same, 
similarly  enlarged,  showing  the  tabula;.  (Original.) 


ous  Monticuliporoids  have  been  formerly  referred  to  the  same  genus. 
The  type-species  is  the  C.  radians  of  the  Carboniferous  Limestone 


Fig.  222.— A,  Tangential  section  of  Chretetes  Etheriifgii,  from  the  Carboniferous  Limestone  of 
Westmorland,  enlarged  about  ten  times  ;  d.  Longitudinal  section  of  the  same,  similarly  enlarged, 
rt.  Imperfect  longitudinal  partition  produced  by  uncompleted  fission  of  an  old  corallite.  (Original.) 

of  Russia,  but  the  characters  of  all  the  known  species  are  essentially 
the  same.    The  corallum  in  Chcetetes  is  massive  or  laminar,  often 
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of  large  size ;  and  consists  of  long,  tubular,  prismatic  corallites, 
which  are  not  only  in  close  contact  throughout,  but  are  so  com- 
pletely incorporated  by  fusion  of  their  walls  that  rough  fractures 
almost  always  expose  the  interior  of  the  tubes.  The  corallites  are 
all  of  one  kind,  are  irregularly  polygonal,  and  possess  completely 
imperforate  walls.  The  tubes  are  traversed  by  a  few  complete 
tabulae  (fig.  222,  b),  which  are  commonly  developed  periodically  at 
successive  levels  ;  but  there  are  no  septa.  The;  increase  of  the  cor- 
allum  is  by  fission  of  the  old  tubes;  and  hence  in  cross-sections 
(fig.  222,  a)  it  is  common  to  observe  imperfect  longitudinal  partitions 
projecting  into  the  visceral  chambers  of  the  corallites,  and  indicating 
the  uncompleted  fission  of  the  tubes. 

The  zoological  affinities  of  the  genus  ChcBtetes  are  quite  uncertain, 
and  it  is  not  even  clear  that  it  is  referable  to  the  Alcyonaria. 
Many  authorities  regard  the  genus  as  belonging  to  the  Polyzoa 
rather  than  to  the  Ccelenterata ;  but  the  fissiparous  mode  of  its 
development,  and  the  total  absence  of  pores  or  canals  connecting 
adjoining  tubes,  would  militate  strongly  against  its  being  referred  to 
the  former  group, 

AULOPORID^. 

This  small  and  imperfectly  understood  group  comprises  the 
Palaeozoic  genera  Aulopora^  Cladochonus  (^Fyrgia),  and  Monilipora, 
of  which  the  first  may  be  taken  as  the  type.  The  corallum  in 
Aulopora  (fig.  223,  a)  has  the  form  of  a  creeping,  branched,  or 
reticulate  system  of  tubes,  attached  by  the  whole  of  the  lower  sur- 
face to  the  exterior  of  a  shell,  coral,  or  other  foreign  body.  The 
prostrate  stems  or  stolons  send  up  at  longer  or  shorter  intervals 
reclined  tubular  or  trumpet-shaped  corallites,  which  are  free  termin- 
ally, and  do  not  grow  up  to  form  a  fasciculate  mass.  As  regards 
their  internal  structure,  the  corallites  are  commonly  furnished  with 
curved  or  horizontal  tabulae,  and  rudimentary  septa  are  present  in 
the  form  of  marginal  striae  or  rows  of  tubercles.  The  walls  of  the 
corallites  are  imperforate,  and  the  mode  of  increase  of  the  corallum 
is  by  stolonal  gemmation.  The  species  of  Aulopora  range  from 
the  Ordovician  to  the  Carboniferous  inclusive. 

Cladochonus  (Pyrgia)  closely  resembles  Aulopora,  but  the  colony 
is  only  attached,  to  foreign  bodies  by  isolated  points  of  attachment, 
and  grows  in  an  erect  manner  rather  than  as  a  creeping  network. 
In  its  young  state,  the  corallum  consists  of  a  single  trumpet-shaped 
corallite  (fig.  223,  c  and  d),  attached  by  processes  springing  from 
its  lower  surface.  Monilopora  possesses  an  Auloporoid  corallum, 
which  is  attached  parasitically  to  the  stems  of  Crinoids  in  a  ring-like 
manner,  the  walls  of  the  trumpet-shaped  corallites  having  a  peculiar 
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cancellated  structure.    Both  these  genera  are  confined  to  the  Car- 

"^e'rd^^^^^^^  of  the  Auloporii.  are  uncertain.  A  close 
resemblance  exists  between  the  adult  colonies  of  Aulopora  and  the 
young  stages  of  both  Syringopora  and  Halysites,  but  it  is  questionable 


Fi?.  22-?.— A,  Portion  Atdotora  tubcefo-nnis,  of  the  natural  size;  and  B,  Portion  of  the  same 
enlarged  (after  Goldfuss).  Devonian,  c  and  D,  Cladoc/ionus  (Pyrgia)  Michekm,  of  the  natural 
size,  and  enlarged  (after  Milne-Edwards  and  Haime).  Carboniferous. 

if  this  likeness  bespeaks  any  real  affinity  to  either  of  these  genera. 
In  the  stolonal  method  of  gemmation  characteristic  of  the  Aulopo- 
roids  we  have  a  marked  Alcyonarian  feature,  and  the  group  may 
therefore  be  provisionally  placed  in  the  division  of  the  Alcyofiaria. 
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CHAPTER  XXI. 

THE  MONTICULIPOROIDS. 

We  may  consider  here  the  remarkable  groups  of  organisms  {Mo7t- 
ticuliporidcB  and  Fistuliporid.a\  which  have  been  collectively  spoken 
of  as  the  "  Monticuliporoids,"  and  the  precise  systematic  position  of 
which  is  still  uncertain.  The  Monticuliporoids,  in  fact,  exhibit  a 
combination  of  characters ;  and  palaeontologists  have  therefore,  so 
far,  come  to  no  final  decision  as  to  the  true  relationships  of  these 
puzzling  organisms,  some  authorities  regarding  them  as  a  peculiar 
group  of  Corals,  while  others  consider  them  to  be  referable  to  the 
Polyzoa. 

The  structural  characters  of  the  Monticuliporoids  are  very  com- 
plex, and  are  for  the  most  part  only  capable  of  complete  elucidation 
by  means  of  microscopic  examination,  while  the  number  of  different 
forms  included  in  the  group  is  very  large.  For  these  reasons,  noth- 
ing more  will  be  here  attempted  than  to  give  a  brief  outline  of  the 
general  morphology  of  the  entire  series,  with  the  distinctive  char- 
acters of  the  two  families  of  the  Monticuliporida  and  Fistuliporida, 
and  a  brief  notice  of  the  more  important  types  included  in  these. 

In  all  the  Monticuliporoids,  the  skeleton  is  composed  of  closely 
approximated,  prismatic  or  sub-circular  tubes,  sometimes  all  similar 
to  one  another,  sometimes  of  different  sizes,  which  are  provided  with 
distinct  walls.  In  the  centre  of  the  colony  the  tubes  are  always 
thin-walled,  more  or  less  polygonal  in  shape,  and  similar  to  one 
another  in  internal  structure ;  but  as  they  approach  the  surface,  they 
diverge  from  one  another  by  the  intercalation  of  new  tubes,  their 
walls  commonly  becoming  at  the  same  time  thickened,  and  their  in- 
ternal characters  being  modified.  It  is  in  the  outer,  or  "mature,"  re- 
gion of  the  colony  (fig.  224,  E,  m)  that  a  second  set  of  tubes  is  usually 
developed  in  those  cases  in  which  the  colony  is  dimorphic.  The 
exterior  of  the  colony  commonly  exhibits  at  intervals  definite  areas 
("  monticules  "  and  "  maculse  "),  which  are  elevated  or  depressed  as 
regards  the  general  surface,  and  consist  of  larger  or  smaller  tubes 
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than  the  average  (fig.  224,  mo).    The  walls  of  the  tubes  are  imper- 
orate;  tabute  are  always  present;  and  true  "  septa "  are  probably 
always  wanting,  though  "  pseudosepta,"  in  the  form  of  radial  plates 
or  spines,  are  in  rare  cases  developed. 

The  form  of  the  skeleton  in  the  Monticuliporoids  is  extremely  variable, 
thouRh  it  is  in  general  tolerably  constant  for  each  species.  In  many 
formfthe  skelefon  is  dendroid  or  ramose  (fig.  224,  b),  consisting  of 
cyhndr  cal  or  subcylindrical  stems,  which  have  a  fixed  base  and  branch 
more  or  less  freely  above,  the  entire  surface  bemg  covered  with  the 
openings  of  the  tubes.  In  others,  the  skeleton  is  so  far  modified  from 
the  preceding  that  it  assumes  the  form  of  an  erect,  laminar  or  frondescent 


Fig.  224. — A,  Fragment  of  the  frondescent  corallum  of  Monticulipora  maiiiinulata,  D'Orb. 
{=Peronopora  nioksta,  Nich.)  showing  "monticules  "(mo);  B,  Fragment  of  the  dendroid  corallum 
of  Callofora?  (Heteroirypa)rugosa,  E.  and  H.  ;  c,  Discoid  corallum  o{  A  inplexopora  discoidea, 
James;  d,  Hemispherical  corallum  of  Callopora  nmnmifortnis ,  Dyb. ,  viewed  sideways  ;  E,  The 
same  vertically  fractured,  showing  the  divergence  of  the  tubes  and  the  peripheral  "  mature " 
region  (jit).    All  the  figures  are  of  the  natural  size,  except  E,  which  is  reduced.    (Original. ) 


colony,  composed  of  two  strata  of  tubes  the  mouths  of  which  open  on  the 
two  sides  of  the  expansion  (fig.  224,  A).  In  numerous  other  types  (fig. 
224,  d)  the  colony  is  hemispherical,  the  usually  flattened  or  concave  base 
being  covered  with  a  concentrically  wrinkled  epitheca,  while  the  mouths 
of  the  tubes  cover  the  entire  upper  surface.  In  still  other  forms,  the 
tubes  are  very  short,  and  the  colony  has  the  form  of  a  thin,  flat  or  concave 
disc,  with  a  striated  basal  plate  (fig.  224,  c).  In  other  cases,  the  skeleton 
assumes  a  lobate  or  massive  form  ;  and  in  others  it  is  encrusting,  and  is 
attached  parasitically  to  foreign  bodies. 

A  very  important  distinction  between  different  types  of  the  Mon- 
ticuliporoids is  based  upon  the  homomorphic  or  heteromorphic  con- 
dition of  the  colony.  In  some  forms  (viz.,  in  Monotrypa)  the  tubes 
are  essentially  similar  throughout  the  colony  in  size  and  internal 
structure,  any  difference  which  may  be  observed  between  different 
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tubes  appearing  to  depend  upon  their  relative  age  only.  On  the 
other  hand,  most  Monticuliporoids  exhibit  a  distinct  dimorphism, 
the  colony  being  composed  of  at  least  two  kinds  of  tubes,  which 
differ  in  size  and  in  internal  structure.  The  relative  proportions  of 
these  two  sets  of  tubes  to  one  another  vary  in  different  forms,  but 
the  larger  ones  may  be  spoken  of  as  "  autopores,"  and  the  smaller 
ones  as  "  mesopores."  The  "  autopores  "  may  be  regarded  as  having 
lodged  the  perfect  zooids  of  the  colony,  and  they  are  distinguished 
both  by  their  comparatively  large  size  (fig.  225,  a),  and  also  by  the 
nature  of  their  tabulse,  these  structures  being  usually  comparatively 


Fig.  225. — A,  Tangential  section  of  Callofora  nummiformis,  Dyb.,  from  the  Silurian  rocks  of 
Esthonia,  enlarged  twenty  times ;  d,  Vertical  section  of  the  same,  similarly  enlarged,  a,  Auto- 
pore  ;  ?«,  Mesopore.  (Original.) 

few  and  remote,  or  being  specially  modified  in  form.  On  the  other 
hand,  the  "  mesopores,"  or  "  interstitial  tubes,"  occupy,  in  greater  or 
less  number,  the  spaces  between  the  autopores,  and  are  not  only 
smaller  than  the  latter,  but  are  more  closely  tabulate  (fig.  225,  ni). 
The  mesopores  have  often  been  considered  as  merely  of  the  nature 
of  a  "  coenenchymal "  or  "  interstitial "  tissue,  but  they  may  be 
regarded,  with  great  probability,  as  really  having  lodged  imperfect 
zooids,  and  as  corresponding  with  the  "  siphonopores  "  of  the  Helio- 
poridce  and  Heliolitidce. 

In  addition  to  the  preceding,  many  Monticuliporoids — whether 
otherwise  homomorphic  or  heteromorphic — possess  yet  a  further 
series  of  tubes,  which  have  been  spoken  of  as  "  acanthopores  "  or 
"  spiniform  corallites."  These  are  minute  cylindrical  tubes,  with 
thick  and  laminated  walls  (fig.  226),  which  run  in  the  substance  of 
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and  they  are  readily  recognised  in  tangential  sections  (fig.  226,  ac)  as 
round  bodies  which  usually  show  a  minute  central  tube  surrounded 
by  a  thick  and  dark-coloured  wall  of  laminated  calcareous  tissue. 
Waagen  has  expressed  the  opinion  that  the  "  acanthopores  are 
only  immature  tubes,  but  this  is  conclusively  shown  to  be  erroneous 
by  the  fact  that,  while  immature  tubes  can  be  readily  demonstrated 
in  all  specimens,  the  "  acanthopores  "  are  strictly  confined  to  par- 
ticular species  of  Monticuliporoids,  and  are  uniformly  absent  in  others. 


Moreover,  they  differ  entirely  in  structure  from  the  young  tubes, 
and  unlike  the  corallites  (whether  young  or  old)  they  project  above 
the  general  surface  of  the  colony  in  the  form  of  spines.  Again, 
when  they  are  Hmited  in  number,  the  acanthopores  occupy  definite 
positions  as  regards  the  ordinary  tubes  of  the  colony  ;  and,  finally, 
in  many  forms  (fig.  230,  d)  the  acanthopores  are  so  numerous  as  to 
render  the  hypothesis  that  they  are  of  the  nature  of  young  corallites 
quite  untenable.    It  may,  then,  be  taken  as  certain  that  the  acan- 
thopores represent  a  special  morphological  element  in  the  Monti- 
culiporoid  colony ;  but  it  is  difficult  to  give  any  satisfactory  explan- 
ation as  to   their   true  nature.     They  may  be  regarded,  with 
considerable  probability,  as  of  the  nature  of  aborted  zooids  ;  and 
possibly  their  nearest  analogue  is  to  be  found  in  the  "  avicularia  " 
of  the  recent  Folyzoa.    This  suggestion  is  supported  by  the  fact 
that  in  some  living  Polyzoans  (as  in  Retepora)  the  avicularia  are 
attached  to  thickened  tubes  immersed  in  the  substance  of  the 
skeleton,  the  appearance  of  which  in  thin  sections  is  very  similar  to 
that  observed  in  sections  of  those  Monticuliporoids  which  possess 
acanthopores. 


Fig.  226. — A  few  corallites  ofFis- 
tuUpora  eriensis,  Rom. ;  a.  Auto- 
pores  ;  m,  Mesopores ;  ac,  Acantho- 
pores. Enlarged  about  forty  times. 


Fig.  227. — a.  Profile  view  of  a  portion  of  the 
surface  of  Dekayia  aspera,  showing  acantho- 
pores ;  The  same,  viewed  from  above.  Enlarged 
about  forty  times.  (After  Nicholson  and  Foord.) 
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In  many  Monticuliporoids  the  surface  is  studded  at  intervals  with 
small  elevations  which  are  known  as  "monticules"  (fig.  224,  a), 
and  which  are  usually  constituted  by  groups  of  corallites  of  larger 
than  the  average  size.  In  other  cases,  there  are  scattered  depressed 
areas,  usually  stellate  in  form,  which  are  occupied  by  the  "  meso- 
pores  "  only,  and  which  are  known  as  "  maculse."  These  can  be 
shown  to  be  really  of  the  nature  of  centres  of  growth  for  the  colony. 

So  far  as  is  certainly  known,  the  walls  of  the  tubes  in  the  Monti- 
culiporoids are  wholly  destitute  of  mural  pores,  or  foramina  of  any 
kind,  the  chambers  of  contiguous  tubes  being  thus  completely  sep- 
arated from  one  another.    Considering  the  vast  number  of  thin 


Fig.  228. — A,  Part  of  a  typical  specimen  of  Monotrypella  pulchella,  E.  and  H.,  from  the  Wen- 
lock  Limestone  of  Dudley,  of  the  natural  size  ;  B,  Part  of  the  surface  of  the  same,  embracing  one 
of  the  clusters  of  large  corallites,  enlarged.  (Original.) 

sections  of  the  Monticuliporoids  which  have  been  examined  by 
competent  observers,  the  imperforate  condition  of  the  walls  of  the 
tubes  in  the  Monticuliporoids  must  be  regarded  as  free  from  doubt ; 
and  it  constitutes  one  of  the  most  marked  features  by  which  these 
organisms  are  separated  from  the  Cyclostomatous  Polyzoa.  Mural 
pores  have  been  described  by  De  Koninck,  and  also  by  the  present 
writer  and  Mr  R.  Etheridge,  jun.,  as  occurring  in  the  genus  Stenopora; 
but  the  exhaustive  investigations  of  Waagen  and  Wentzel  have  shown 
that  even  in  this  genus  the  walls  are  really  imperforate,  and  that  the 
structures  described  as  pores  in  such  forms  as  Stenopora  Jtuckii  must 
admit  of  a  different  interpretation.  Mr  Ulrich  has  also  described 
pores  as  occurring  in  a  Monticuliporoid,  but  it  may  be  suggested 
with  much  probability  that,  in  this  case,  the  organism  observed  is 
really  referable  to  some  other  group. 

In  almost  all  the  Monticuliporoids  the  tubes  are  crossed  by  trans- 
verse calcareous  partitions  or  "  tabulae,"  which  are  in  general  very 
numerous  (fig.  225,  b),  though  occasionally  limited  in  their  develop- 
ment. Usually,  in  the  dimorphic  forms,  the  autopores  have  few  and 
remote  tabulae,  while  the  mesopores  have  a  much  greater  abundance 
of  these  structures.  Mostly,  the  tabulae  are  "complete,"  forming 
horizontal  partitions  which  extend  entirely  across  the  tubes  (fig. 
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22 K  b).  In  other  cases,  one  half  of  the  tube  is  crossed  by  straight 
tabute,  while  the  other  half  is  occupied  by  curved  or  "cystoid 
tabulse,  forming  a  series  of  lenticular  vesicles  on  one  side  (fig. 
2-10  f).  In  other  cases  {Frasopora),  "cystoid"  tabute  are  devel- 
oped all  round  the  periphery  of  the  tube,  and  the  centre  is  occupied 
by  straight  tabula.  Lastly,  in  Fistulipora,  the  walls  of  the  meso- 
pores  are  incompletely  developed,  and  the  tabute  unite  to  form  a 
tissue  of  lenticular  vesicles  between  the  autopores,  the  genus  thus 
bearing  the  same  relation,  in  this  respect,  to  Callopora  that  Plasmo- 
pora  does  to  Helioliies  among  the  HeliolitidcB. 

The  great  majority  of  the  Monticuliporoids  exhibit  no  radial 
structures  in  the  tubes  which  could  be  compared  with  the  "  septa  " 
of  an  ordinary  coral.  In  a  few  forms,  such  structures  do  occur,  but 
it  is  doubtful  if  in  any  such  instance  we  have  to  deal  with  structures 
really  developed  in  mesenteries,  and  therefore  really  homologous 
with  the  "septa"  of  the  Zoantharia.  Thus  in  Fistulipora,  each 
autopore  is  provided  with  two  longitudinal  folds,  situated  opposite 
one  another,  towards  one  end  of  the  visceral  chamber.  Again,  in 
a  hitherto  undescribed  species  of  Callopora  (fig.  229,  a)  each 


Fig.  229. — A,  A  large  specimen  of  Callopora  Foordii,  of  the  natural  size ;  R,  Tangential  section 
of  the  same,  showing  the  pseudoseptal  folds  in  the  autopores,  enlarged  twenty  times ;  c.  Vertical 
section  of  the  same,  similarly  enlarged,  a,  Autopores ;  Mesopores.  From  the  Ordovician 
rocks  of  Esthonia.  (Original.) 


autopore  is  provided  with  from  two  to  five  radial  plications  of  the 
wall,  which  closely  resemble  the  "  septa  "  of  Teiradium,  and  give  a 
characteristic  floriform  appearance  to  cross-sections  of  the  corallites. 
Moreover,  in  typical  examples  of  Monticulipora  mammulata,  D'Orb. 
{  =  Feronopora  molesta,  Nich.),  the  author  has  detected  radially  dis- 
posed spines  (fig.  230,  d),  which  have  much  the  appearance  of  the 
radial  spines  of  Favosites  and  Syringopora ;  and  similar  structures 
have  been  recognised  by  other  observers  in  other  forms. 

Lastly,  as  regards  the  mode  of  groivth  of  the  skeleton,  new  tubes 
are  most  usually  produced  by  "  intermural  gemmation,"  in  a  manner 
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precisely  similar  to  that  which  obtains  in  the  Favositida.  It  is  for 
this  reason  that  rough  fractures  of  the  Monticuliporoids  expose  the 
ivalls  of  tubes,  whereas  in  the  genus  Chceietes,  where  the  growth  is 
fissiparous,  fractures  usually  lay  open  the  visceral  chambers  of  the 
corallites.  It  is,  however,  interesting  to  note  that  fission  also  occurs 
not  rarely  in  the  Monticuliporoids,  though  it  is  not  so  common  a 
mode  of  increase  as  gemmation.  In  the  mesopores  of  Fistulipora 
and  some  allied  types  fission  seems  to  be  the  ordinary  mode  of 
increase,  as  it  is  in  the  case  of  the  siphonopores  of  the  HeliolitidcB. 
This  fact  would  go  far  to  prove  that  the  mesopores  are  not  merely 
coenenchymal ;  since  fission  can  hardly  occur  unless  we  suppose  the 
existence  of  separate  zooids  endowed  with  the  power  of  division. 
The  occurrence  of  fission  in  the  autopores  of  the  Monticuliporoids 
is  also  strongly  against  the  reference  of  these  organisms  to  the 
Cyclostomatous  Folyzoa,  since  these  latter  invariably  increase  by 
means  of  gemmation.  A  still  more  interesting  fact  is  the  occur- 
rence— as  described  by  Waagen — of  "  coenenchymal  gemmation  " 
among  the  Fistuliporoids,  autopores  in  these  cases  being  formed  by 
the  abortion  and  apparent  fusion  of  a  group  of  mesopores,  in  a 
manner  precisely  similar  to  that  previously  noted  as  occurring  in 
Heliopora  and  Heliolites.  This  fact  would  also  bear  very  strongly 
against  the  view  that  the  Monticuliporoids  are  to  be  regarded  as 
belonging  to  the  Folyzoa. 

It  must  be  admitted,  however,  that  the  zoological  affinities  of  the 
Monticuliporoids  are  still  a  matter  of  uncertainty.  In  many  of  their 
features,  both  structural  and  developmental,  they  show  marked  rela- 
tionships with  the  Actinozoa  generally,  and  with  the  Alcyonaria  in 
particular,  while  in  others  they  approach  the  Folyzoa;  and  it  must, 
in  the  meanwhile,  remain  a  matter  of  individual  opinion  whether  the 
Monticuliporoids  should  be  regarded  as  a  very  peculiar  group  of 
Corals  or  as  an  equally  peculiar  group  of  Polyzoans.  It  would  be 
out  of  place  here  to  enter  into  any  detailed  discussion  of  a  question 
so  complex,  but  it  may  be  of  advantage  to  summarise  briefly  the 
chief  points  which  must  be  taken  into  consideration  in  coming  to 
any  decision  as  to  the  systematic  position  of  the  Monticuliporoids. 

Leaving  the  external  form  of  the  skeleton  entirely  out  of  con- 
sideration, the  general  features  which  favour  the  reference  of  the 
Monticuliporoids  to  the  Ccelenterata  are  the  following : — 

I  The  common  dimorphism  of  the  colony  in  the  Monticuliporoids 
find's  its  best  parallel  in  Heliopora  and  Heliolites,  the  Ccelenterate  nature 
of  which  is  undoubted.  In  particular,  the  structural  relationships  between 
FistuliSora  and  Heliolites,  or  Plasmopora,  are  exceedingly  close ;  the 
skeleton  consisting  in  both  of  large,  sparsely  tabulate  tubes  ("  autopores  ) 
separated  by  smaller,  closely  tabulate  tubes  ("  mesopores  »  or  "  siphono- 
pores "),  and  the  former  of  these  possessing  radial  structures  of  the  nature 
of  "  septa  "  or  "  pseudosepta." 
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->  The  Monticuliporoids  increase  by  fission  as  well  as  by  gemmation, 
whereas  the  recent  Polysoa  appear  to  be  uniformly  charactensed  by  a 
o-emmiparous  mode  of  development,  which  varies  in  its  precise  details  in 
different  groups.    Moreover,  the  gemmation  of  the  Monticuliporoids  is 

intermural,"  and  is  precisely  similar  to  that  which  obtains  among  the 

^3'^''"'cffinenchymal  gemmation  "  occurs  in  the  Fistuliporidce,  this  mode 
of  increase  being  o'therwise  absolutely  characteristic  of  Heltopora  and  of 
the  HeliolitidcE.  , 

4.  The  walls  of  the  tubes  in  the  Monticuliporoids  are  imperforate ; 
whereas  in  the  calcareous  Polyzoa  the  skeleton  seems  to  be  almost 
always  (probably  always)  porous,  and  the  cavities  of  contiguous  cells  are 
usually  placed  in  direct  communication  by  means  of  connecting-foramina 

or  tubes.  .       .  ■■  • 

5.  The  abundant  development  of  "tabulse"  in  the  Monticuhporoids  is 
a  feature  in  which  these  organisms  resemble  a  large  number  of  un- 
doubted Corals. 

6.  Certain  Monticuliporoids  possess  in  their  autopores  radial  folds  or 
phcations  which  may  be  compared  with  the  "  pseudosepta  "  of  Helio- 
pora;  while  others  {Montiailipora  mammulatd)  possess  radially  disposed 
calcareous  spines,  which  are  closely  similar  to  the  septal  spines  of  Favos- 
iteSy  of  Syringopora,  and  of  certain  species  of  Heliolites. 

On  the  other  hand,  there  are  the  following  considerations  which 
would  point  to  a  relationship  between  the  Monticuliporoids  and  the 
Polyzoa,  or  which,  at  any  rate,  would  more  or  less  diminish  the  import- 
ance of  some  of  the  features  above  mentioned  as  showing  the  Coel- 
enterate  affinities  of  these  organisms. 

1.  The  polyzoaiy  of  Heteropora  (which  is  undoubtedly  a  Polyzoan) 
consists  of  large  tubes  scattered  among  smaller  ones,  though  there  does 
not  appear  to  be  any  essential  difference  in  the  structure  of  these 
respectively. 

2.  "  Tabulae  "  are  by  no  means  confined  to  the  Coelenterates,  precisely 
similar  structures — so  far  as  appearance  goes — being  present  in  un- 
doubted Polyzoa  {e.g.,  in  Heteropora,  Doniopora,  Fascicularia,  Alveo- 
laria,  &c.) 

3.  Radial  structures  in  the  form  of  rows  of  spines  are  present  in  a 
number  of  Polyzoa  {e.g.,  in  Heteropora,  Discoporella,  &c.) 

4.  There  are  various  Polyzoa  (such  as  Rhombopora  Hamiltonensis, 
Ceriopora  interporosa,  and  some  of  the  Fenestellids)  which  possess  struc- 
tures apparently  very  similar  to  the  "  acanthopores  "  of  many  Monti- 
culiporoids. Structures  presenting  in  some  respects  the  same  aspect  are 
found  in  the  recent  Reteporce,  in  which  they  serve  to  carry  the  avicularia. 

5.  Portions  of  the  skeleton  of  Fistulipora  incrustans,  PhilL,  have  been 
shown  by  John  Young  to  become  thickened,  and  to  exhibit  a  finely 
tubulated  structure  similar  to  that  seen  in  the  skeleton  of  the  Fejies- 
telhdcE. 

6.  According  to  the  observations  of  Lindstrom,  certain  of  the  Monti- 
culiporoids pass  through  early  stages  of  development  in  which  the 
skeleton  is  of  a  distinctly  Polyzoan  type.  As  an  example  of  this,  we 
may  take  the  singular  Callopora  heterosolen,  the  basal  (and  therefore 
tirst-formed)  portion  of  which  exhibits  Polyzoan  characters,  while  the 
main  mass  of  the  skeleton  is  of  the  ordinary  Monticiiliporoid  type. 
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7.  Lastly,  certain  extinct  fomis  the  Polyzoan  nature  of  which  seems 
unquestionable  are  hardly  distinguishable,  as  regards  minute  structure, 
from  other  forms  which  have  always  been  regarded  as  Monticuliporoids. 
Thus,  an  extremely  close  structural  resemblance  obtains  between  Cerio- 
pora  interporosa,  on  the  one  hand,  and  Balostomella  {Monticiilipora) 
tuniida,  on  the  other  hand. 


As  regards  their  geological  distribution^  the  forms  usually  regarded 
as  Monticuliporoids  are  exclusively  Palaeozoic,  and  range  from  the 
Ordovician  to  the  Permian  inclusive.  In  the  Ordovician  rocks,  in 
particular,  Monticuliporoids  are  enormously  abundant,  and  they  also 
constitute  a  conspicuous  feature  in  the  Silurian  deposits,  while  their 
number  is  much  reduced  in  the  Devonian,  Carboniferous,  and  Per- 
mian strata.  As  a  rule,  particular  types  are  confined  to  special 
geological  horizons,  but  the  vertical  distribution  of  the  group  still 
requires  to  be  worked  out  in  detail.  So  far  as  certainly  known,  the 
genus  Stenopora — a  name  which  has  served  to  cover  many  different 
types  of  the  Monticuliporoids — is  confined  exclusively  to  the  Car- 
boniferous and  Permian  deposits.  It  is  not  at  all  improbable  that 
representatives  of  the  Monticuliporoids  will  be  found  to  have  sur- 
vived into  the  Secondary  period,  while  there  are  even  Tertiary  fossils 
which  show  remarkable  points  of  resemblance  to  this  ancient  group 
of  organisms. 

With  regard  to  the  classification  of  the  Monticuliporoids,  two 
principal  types  of  structure  may  be  recognised,  represented  respec- 
tively by  the  genera  Monticulipora  and  Fistulipora,  as  these  are  now 
restricted.  These  two  types  of  structure  may  be  taken  with  con- 
venience as  the  foundation  of  the  two  families  of  the  Monticuliporidce 
and  Fistuliporidce.  It  must  be  admitted,  however,  that  these  two 
families  are  connected  together  by  transitional  forms ;  and  it  is  prob- 
ably impossible,  in  the  present  state  of  our  knowledge,  to  so  define 
them  as  to  render  them  mutually  exclusive. 


MONTICULIPORIDiE. 

The  skeleton  of  the  Monticttliporidcs  is  very  variable  in  form,  and 
may  be  either  composed  of  essentially  similar  tubes  throughout,  or 
may  be  made  up  of  large  tubes  ("  autopores ")  and  of  a  Hmited 
number  of  smaller,  closely  tabulate  tubes  ("  mesopores  ")•  The 
interstitial  tubes  or  "mesopores"  are  not  sufficiently  developed  to 
isolate  the  autopores,  while  they  are  provided  with  complete  walls 
and  their  tabute  are  straight.  "  Acanthopores  "  are  very  commonly 
present.  Septal  spines  are  rarely  developed.  The  mode  of  growth 
of  the  skeleton  is  by  intermural  gemmation,  commonly  associated 
with  fission. 

This  family  includes  the  genera  Monticulipora,  Monotrypa,  Mono- 
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trypdla,  DianuHtes,  Diplotrypa,  Dekayta,  Stenopora,  &c,  and  ranges 
from  the  Ordovician  to  the  Permian  period. 

The  type  of  the  genus  MonticuUpora  \s  the  M  "f'f'.^f 
of  the  Ordovician  rocks  of  North  America,  which  Mr  Ulrich  identifies 
?ith  the  form  described  by  the  writer  under  the  -a^m^  Feronopora 
molesta.  In  this  fonn,  the  corallum  (fig.  224,  a)  has  usually  the  shape  of 
a  laminar  erect  expansion,  composed  of  two  layers  of  tubes  which  open  on 
?he  two  sides  of  the  frond.  The  large  tubes  or  "  autopores  "  are  placed 
close  together,  and  just  before  reaching  the  surface  their  walls  become 


Fig.  230. — ^lorpiioiosy  of  MoitticuliJ>ora  mammulata,  D'Orb.  {^Peronopora.  molesia,  Nich.), 
Ordovician,  Cincinnati.  A,  Tangential  section  taken  immediately  below  the  surface,  enlarged 
twenty  times.  B,  Tangential  section  taken  at  a  greater  depth  below  the  surface,  similarly  en- 
larged, c,  Vertical  section,  showing  one  side  of  the  double  frond,  similarly  enlarged.  D,  E,  and 
F,  Portions  of  the  preceding  sections  enlarged  forty  times:  a,  ."Vutopores ;  ;«,  Mesqpores  ;  ac, 
-Acanthopores ;  ia.  One  of  the  "  cystoid  "  tabulje  of  an  autopore,  the  rest  of  the  tube  being  crossed 
by  straight  tabul^e.  (Original.) 


considerably  thickened;  hence  there  is  a  considerable  difference  between 
sections  taken  just  below  the  actual  surface  (fig.  230,  A  and  D)  and  those 
taken  at  a  little  depth  (fig.  230,  B  and  E).  Interstitial  tubes  or  mesopores 
are  developed  in  small  number,  and  are  easily  recognised  in  long  sections 
by  their  close  tabulation  (fig.  230,  f).  Acanthopores  are  developed  in 
great  numbers,  and  form  a  ring  round  each  autopore  (fig.  230,  d),  but 
they  are  difficult  to  recognise  except  in  tangential  sections  taken  close  to 
the  surface.  The  autopores  are  furnished  with  two  sets  of  tabulre,  each 
tube  showing  a  series  of  vesicular  or  "  cystoid  "  tabulte  on  one  side  (fig. 
230,  F,  to)  with  a  series  of  straight  tabular  in  the  other  half  of  the  tube. 
Owing  to  this  peculiarity  in  the  tabulation  of  the  autopores,  tangential 
sections  (fig.  230,  B)  exhibit  the  cut  edges  of  the  cystoid  tabulae  in  the 
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form  of  a  curved  or  horse-shoe-shaped  hne  in  the  interior  of  each  auto- 
pore.  In  some  examples  of  this  species,  the  autopores  are  provided  with 
radially  disposed  pseudoseptal  spines  (fig.  230,  d),  but  these  are  not  recog- 
nisable in  other  specimens. 

Of  the  remaining  genera  of  the  Monticuliporida  only  two  or  three  can 
be  briefly  noticed  here.  The  genus  Monotrypa  is  characterised  by  the 
fact  that  the  tubes  are  essentially  similar  to  one  another,  being  polygonal, 
thin-walled,  and  furnished  with  few  remote  tabulte,  while  mesopores  are 
absent,  as,  usually,  are  acanthopores  also.  The  genus  ranges  from  the 
Ordovician  into  the  Devonian.    Monotrypella  is  very  similar  to  Mono- 


Fig,  231. — Sections  of  Monotrypella  pulcliella,  E.  and  H.,  from  the  Wenlock  Limestone  of 
Britain,  enlarged  about  eighteen  times.  A,  Tangential  section ;  is,  Longitudinal  section. 
(Original.) 


trypa,  but  the  corallites  become  thickened  by  stereoplasma  as  they 
approach  the  surface,  their  walls,  however,  always  remaining  distinct 
(fig.  231). 

The  Ordovician  genus  Diatmlites  (as  based  upon  Diamilites  fastigt- 
atus,  Eichw.)  is  essentially  similar  to  Monotrypa  as  regards  the  nature 
and  structure  of  the  corallites,  but  the  corallum  is  inversely  conical  in 
form,  and  is  provided  with  a  striated  epithecal  membrane,  so  that  the 
calices  open  at  the  upper  end  of  the  colony  only,  and  the  organism  is 
superficially  quite  like  a  simple  coral  in  appearance.  The  genus  Am- 
plexopora,  ranging  from  the  Ordovician  to  the  Carboniferous,  nearly 
resembles  Monotrypella  in  structure  ;  but  numerous  acanthopores  are 
developed,  which  often  form  complete  rings  round  the  autopores. 
Dekayia,  again,  resembles  Monotrypella  in  having  only  a  single  set  of 
tubes,  without  mesopores,  but  the  walls  of  the  autopores  are  united,  and 
there  are  numerous  large  acanthopores,  the  apices  of  which  project 
above  the  surface  as  prominent  blunt  spines  (fig.  227).  The  genus  is 
only  known  from  the  Ordovician  rocks. 

Lastly,  in  the  Carboniferous  and  Permian  genus  Stenopora,  the  colony 
consists  of  oval  or  circular  or  subpolygonal  autopores,  the  walls  of  which 
on  approaching  the  surface  become  thickened  with  annular  deposits  of 
stereoplasma,  which  are  separated  by  unthickened  nodes  (fig.  232,  c),  this 
peculiarity  giving  a  very  characteristic  appearance  to  longitudinal  sec- 
tions. In  the  centre  of  the  colony  the  corallites  are  polygonal  and  thin- 
walled,  and  do  not  exhibit  the  characteristic  annulations  of  the  genus. 
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Mesopores  are  not  developed,  but  there  are  usually  numerous  acantho- 
pores  (fig.  232,  A  and  b).  The  tabulae  are  usually  straight  and  complete, 
but  they  are  sometimes  perforated  by  central  apertures  (fig.  232  C).  i  He 
walls  of  the  autopores  in  Stenopora  have  been  described  as  being  per- 
forated by  mural  pores,  but,  as  previously  noted,  the   researches  ot 


Kig.  232.— Sections  of  Stenopora  Howsii,  from  the  Carboniferous  rocks  of  England,  enlarged 
about  eighteen  times,  a  and  b,  Tangential  sections;  c,  Longitudinal  section,  showing  the 
periodic  thickenings  of  the  walls  of  the  tubes.  (Original.) 


Waagen  and  Wentzel  have  rendered  it  certain  that  the  supposed  mural 
pores  must  be  otherwise  explained,  and  that  the  walls  of  the  tubes  are 
really  imperforate. 

FiSTULIPORIDjE. 

The  skeleton  in  this  family  is  of  very  variable  form,  and  is  com- 
posed of  large  tubes  ("  autopores ")  which  are  in  general  more  or 
less  completely  isolated  (fig.  233)  by  the  development  of  a  copious 
series  of  smaller  tubes  ("  mesopores "),  these  latter  being  often 
aggregated  into  star-shaped  groups  or  "maculae,"  which  serve  as 
centres  of  growth  for  the  colony.  The  walls  of  the  autopores  are 
either  completely  unthickened  {Callopora  and  Prasopora),  or  are 
specially  thickened  on  one  side  {Ftstulipora).  The  mesopores  are 
furnished  with  more  numerous  tabulse  than  the  autopores ;  and  in 
some  cases  {FistuHpora)  their  walls  are  incomplete,  thus  allowing 
their  tabulse  to  coalesce  so  as  to  form  an  interstitial  tissue  of  lentic- 
ular vesicles.  The  mode  of  increase  as  regards  the  autopores  is 
typically  by  "  coenenchymal  gemmation,"  the  mesopores  increasing 
by  means  of  fission.  Pseudoseptal  spines  are  occasionally  devel- 
oped, and  pseudoseptal  folds  are  commonly  present.  Acanthopores 
are  occasionally,  but  not  usually,  developed. 


358 


THE  MONTICULIPOROIDS. 


Since  "  coenenchymal  gemmation "  is  at  present  only  known  as 
occurring  (apart  from  the  present  family)  in  the  unquestionably 
Actinozoan  groups  of  the  Helioporidce  and  Heliolitida,  it  would 
seem  that  the  presence  of  this  mode  of  increase  in  the  Fistuliporoids, 

first  pointed  out  by  Waagen, 
is  an  almost  incontrovertible 
proof  that  the  latter  should 
be  referred  to  the  Alcyonar- 
ian  Zoophytes.  If  this  be 
admitted,  however,  it  would 
follow,  almost  inevitably, 
that  the  Monticuliporidce 
should  also  be  regarded  as 
Alcyonarians,  since  there 
exists  an  exceedingly  close 
relationship  between  these 
and  the  Fistuliporoids.  No 
arrangement,  in  fact,  which 
would  refer  Fishdipora  and 
Callopora  to  one  great  di- 
vision of  the  animal  kingdom  {Coilenterata),  and  would  place  Mon- 
ticuUpora,  Diplotrypa,  and  allied  types  in  another  great  division 
{Polyzoa)  could  possibly  be  sustained. 

The  type-genus  of  the  Fistuliporoids  is  Fistnlipora  itself,  in  which  the 
variously  shaped  corallum  is  composed  of  oval  or  cylindrical  autopores, 
which  are  furnished  towards  one  side  with  two  longitudinal  folds 
("pseudosepta"),  giving  to  the  tubes  in  cross-sections  a  characterisdc 
bilobed  or  trifoliate  appearance  (fig.  233),  and  which  are  separated  by  one 
or  more  rows  of  niesopores  (fig.  234,  d).  The  walls  of  the  mesopores  are 
ncompletely  developed,  and  their  tabulae  therefore  coalesce  to  give  rise 
0  a  vesicular  tissue  occupying  the  spaces  between  the  autopores  (fig. 
234,  e).  Acanthopores  are  occasionally  developed,  and  in  some  cases 
pseudoseptal  spines  have  been  observed. 

The  species  of  Fistnlipora  are  Silurian,  Devonian,  and  Carboniferous, 
and  are  m  general  readily  recognised  by  the  trifoliate  form  of  the  auto- 
pores in  cross-sections,  the  abundance  of  the  mesopores,  and  the  fact  that 
the  tabulse  of  the  mesopores  coalesce  to  fonn  a  tissue  of  lenticular  vesicles 
occupying  the  spaces  between  the  autopores,  and  resembling  the  simi- 
larly formed  vesicles  which  separate  the  autopores  in  Plasviopora  and 
Propora.  In  some  forms,  the  two  pseudoseptal  folds  which  are  so  char- 
acteristic of  the  genus  are  little  developed  (compare  fig.  234,  D,  with  fig. 
233),  and  the  trifoliate  shape  of  the  tubes  is  proportionately  obscured. 
The'  peculiar  horse-shoe-shaped  sinus  along  one  side  of  the  autopores, 
formed  by  the  pseudosepta,  has  been  considered,  with  much  probability, 
as  corresponding  in  the  living  animal  with  a  ciliated  groove  ("  siphono- 
e-lvphe  ")  such  as  is  found  in  the  oesophagus  of  the  Alcyonarians.  Another 
characteristic  feature  in  many  species  of  the  genus  is  that  the  portion  of 
the  wall  bounding  the  sinus  just  spoken  of  is  considerably  thickened,  and 


Fig.  233. — Tangential  section  of  Fistulipora  tri- 
foliata,  from  the  Middle  Devonian  of  Gerolstein,  en- 
larged about  forty  times,  showing  the  trifoliate  auto- 
pores (a)  and  the  interstitial  mesopores  (in).  (After 
Nicholson  and  Foord.) 
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in  ,vell.prese„-ad  specimens  sometimes  exhibits  a  peculiar  striated  aspect, 


Fig.  i-^ai.—Fistulipora  incrustans,  from  the  Carboniferous  rocks  of  England.  A,  A  colony 
growing  on  the  stem  of  a  Crinoid,  of  natural  size ;  n,  Broken  extremity  of  the  same,  showing 
the  thickness  of  the  colony;  c,  Portion  of  the  surface,  enlarged  almost  twenty  times ;  D.  Tan- 
gential section,  similarly  enlarged;  E,  Vertical  section,  similarly  enlarged,  a,  Autopores;  m, 
Mesopores ;  c.  Primordial  tubes  of  the  colony.    (After  Nicholson  and  Foord.) 


septa  are  present  in  the  autopores,  and  in  one  species  {Callopora  Foordii, 
fig.  229)  these  structures  are  exceptionally  developed.  Pseudoseptal 
spines  are  occasionally  present  in  this  genus.  The  walls  of  the  autopores 
in  Callopora  are  not  specially  thickened  in  the  "  mature  "  region  of  the 
corallum,  as  is  shown  by  the  structure  of  the  type-species  of  the  genus 
{Callopora  eleganiiila^W?i\\).  Hence,  forms  like  Callopora{?)  rainosa, 
E.  and  H.,  of  the  Ordovician  rocks  of  North  America,  which  have  been 
referred  here  by  Mr  Ulrich,  must  find  a  place  elsewhere,  as  the  autopores 
become  markedly  thickened  in  the  peripheral  portion  of  the  corallum. 
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SUuria^Trock?  ^'''^^^^''^^  ^PP^""''  ^°      confined  to  the  Ordovician  and 

•  ■^if  ^^i^'  '^^f  Oi'^Jovician  genus  Prasopora  differs  from  Calloiora  mainly 
m  the  fact  that  the  autopores  are  furnished  marginally  with  a  series  of 
vesicular  or  "  cystoid  "  tabulae,  which  enclose  a  central  area  traversed  bv 
straight  tabulse. 
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CHAPTER  XXII. 

SUB-KINGDOM  IV.  —  ECHINODERMATA. 
General  Characters  of  the  Echinodermata. 

The  sub -kingdom  of  ^yc^^  Echinodermata  comprises  the  animals 
usually  known  as  Sea-urchins,  Star-fishes,  Brittle-stars,  Sea-cucum- 
bers, Sea-lilies,  &c.,  and  may  be  briefly  defined  as  follows  : — 

Simple  marine  organisms,  which  are  mostly  bilaterally  symmetrical 
-when  young,  but  which  in  the  adult  condition  have  this  bilateral  sym- 
metry more  or  less  extensively  masked  by  a  radial  {usually  pentamerous) 
arrangement  of  their  parts.  An  alimentary  canal  is  prese?it,  with  or 
without  a  distifid  anus,  separate  from  the  proper  body-cavity.  ^  A 
system  of  tvater-vessels,  often  co7nmunicating  directly  with  the  exterior, 
and  generally  connected  with  protrusible  tubes  {''feet"),  is  present. 
The  nervous  system  is  radiate,  consisting  of  an  esophageal  ring  and 
radiating  branches.  The  integument  is  characteristically  hardened  by 
the  deposition  in  it  of  carboftate  of  lime  in  the  form  of  plates,  granules, 
or  spicules. 

The  adult  Echinoderms  always  exhibit  a  more  or  less  conspicuous 
radiate  structure,  the  symmetry  of  the  body  being  essentially  penta- 
merous ;  but  the  larval  forms  are  usually  distinctly  bilateral,  and  bi- 
lateral symmetry  is  in  general  more  or  less  clearly  recognisable  in  the 
fully  grown  animal.    The  radial  symmetry  of  the  body  of  the  adult 
is  exhibited  not  only  in  the  external  skeleton,  but  also  in  many  of 
the  internal  organs,  and  especially  in  the  nervous  and  ambulacral 
systems.    The  alimentary  canal,  unlike  that  of  the  Coelenterates,  is 
always  completely  shut  off  from  the  general  cavity  of  the  body,  a 
mouth  being  always  present,  and  an  anal  aperture  usually  existing  as 
well.    When  a  mouth  and  anus  are  present,  these  openings  may  be 
at  opposite  poles  or  on  the  same  side  of  the  body,  the  mouth  being 
usually  central  in  position,  while  the  anus  may  be  completely  ex- 
centric.    In  the  free-living  Echinoderms,  the  mouth  is  usually  either 
terminal  and  placed  in  front,  or  is  situated  in  the  centre  of  the  in- 
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ferior  surface  of  the  body.  On  the  other  hand,  in  the  stalked  Crinoids 
and  certain  other  forms,  the  ventral  surface  is  directed  upwards,  and 
the  mouth  is  thus  placed  on  the  superior  aspect  of  the  body. 

Among  the  most  characteristic  of  all  Echinodermal  structures  are 
the  so-called  "  water-vessels  "  or  "  ambulacral "  vessels.  This  system 
consists  of  a  series  of  musculo-membranous  tubes  filled  with  a  watery 
fluid,  and  connected  with  the  function  of  respiration,  while  at  the 

same  time  commonly  subserving 
locomotion.  It  consists  essen- 
tially (fig.  "235)  of  a  circular 
vessel  which  surrounds  the  com- 
mencement of  the  alimentary 
canal,  and  gives  off  secondary 
vessels  in  a  radiating  manner. 
The  "  radiating  vessels  "  usually 
give  off  at  right  angles  numerous 
short  lateral  tubes  (the  "tube- 
feet"  or  "pedicels");  and  the 
"circular  vessel"  is  generally 
placed  in  communication  with 
the  exterior  by  a  special  canal 
("  stone-canal "  or  "  water-tube  ") 
which  opens  on  the  surface  by 
a  spongy  calcareous  plate  ("ma- 
dreporite  ").  Though  commonly 
subserving  locomotion,  the  am- 
bulacral vessels  are  probably 
primarily  respiratory  in  function  ; 
and  they  not  uncommonly  give 
off  leaf-like  or  branched  external 
processes  ("  ambulacral  gills  "), 
which  serve  as  respiratory  or- 
gans. There  is  also  a  second 
vascular  system,  consisting  of  an 
oral  ring  and  radial  trunks,  which 
are  situated  between  the  water- 
vessels  and  the  nerve -bands. 
The  oral  ring  is  in  relation  with 
a  peculiar  organ,  formerly  de- 
scribed as  a  heart,  but  probably  to  be  regarded  as  a  kidney,  which 
in  many  Echinoderms  seems  to  communicate  with  the  exterior  by 
means  of  the  madreporite. 

The  sexes  are  almost  always  distinct  in  the  Echinoderms,  and  the 
reproductive  organs  are  usually  lodged  in  the  interior  of  the  body, 
definite  openings  for  the  escape  of  the  generative  elements  existing 


Fig.  235. — Diagram  of  tne  ambulacral  system 
of  Echinus.    111,  Madreporite  ;  s,  Stone-canal ; 

Central  oesophageal  ring ;  /  fi,  Polian 
vesicles ;  a  a,  Radiating  ambulacral  vessels. 
Only  the  bases  of  four  of  the  radiating  ves- 
sels are  shown  ;  and  a  few  of  the  tube-feet 
with  their  secondary  vesicles  or  "ampullEe"  (w), 
are  shown  on  one  side  of  one  of  the  radiatmg 
canals. 
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in  the  body-wall.  In  the  Crinoids,  on  the  other  hand,  the  repro- 
ductive organs  are  lodged  in  the  "arms,"  and  permanent  generative 
apertures  are  rarely,  if  ever,  present.  As  regards  their  position,  the 
generative  glands  (ovaries  or  testes)  alternate  in  the  Echinoderms 
generally  with  the  radiating  nerve-cords  and  ambulacral  vessels,  and 
are  therefore  " interradial,"  while  the  latter  are  "radial" ;  but  m  the 
Crinoids  the  genital  cord,  being  lodged  in  the  arms,  is  necessarily 
radial  in  position. 

The  integument  of  the  Echinoderms  has  the  power  of  secreting 
carbonate  of  lime,  and  a  more  or  less  definite  integumentary  skeleton 
is  thus  usually  produced.    Not  only  is  this  exoskeleton  in  general 
readily  preserved  in  the  fossil  state,  but  its  minute  structure  is  so 
characteristic  that  even  the  smallest  fragment  can  usually  be  recog- 
nised with  certainty  by  the  help  of  the  microscope.    In  the  first 
place,  the  calcareous  tissue  of  the  Echinodermal  exoskeleton  has  a 
very  characteristic  crystalline  structure.    "  Each  plate,  each  spine,  and 
each  joint  is  mineralogically  and  optically,  as  it  were,  made  out  of  a 
single  crystal  of  calcite,  having  its  principal  axis  perpendicular  to  the 
plane  of  the  plate,  or  parallel  to  the  axis  of  a  spine  or  joint,  the 
growth  from  first  to  last  being  in  perfect  crystalline  continuity" 
(Sorby).    In  recent  Echinodermal  skeletons,  this  crystalline  struc- 
ture is  only  recognisable  by  the  optical  phenomena  displayed  by 
thin  sections  under  the  microscope;   but  the  skeleton  of  fossil 
forms,  as  the  result  of  mineralisation,  usually  exhibits,  in  its  minutest 
fragments,  the  unmistakable  rhombohedral  cleavage  of  calcite.  In 
the  second  place,  the  skeleton  of  the  Echinoderms  has  an  equally 
characteristic  organic  structure,  being  made  up  of  reticulated  and 
anastomosing  calcareous  rods,  which  are  produced  by  the  calcifica- 
tion of  a  network  of  organic  fibres,  the  uncalcified  intervals  of  which 
are  filled  in  the  fresh  state  with  living  matter.    All  Echinodermal 
ossicles  and  plates  exhibit  this  characteristic  netted  structure  (fig. 
236),  but  different  forms  differ  in  the  size  and  disposition  of  the 
meshes ;  the  commonest  and  simplest  arrangement  being  that  of 
parallel  strata  of  perforated  calcareous  laminae  connected  with  one 
another  by  vertical  pillars.    In  other  cases,  as  in  the  spines  of  the 
Echinoids,  the  structure  consists  of  radially-disposed,  vertical,  netted 
plates  united  by  numerous  short  horizontal  rods ;  and  other  types 
exhibit  other  special  modifications. 

In  altered  specimens,  the  minute  reticulated  structure  of  the 
skeleton  may  be  largely  obliterated,  or  even  wholly  unrecognisable, 
but  the  characteristic  cleavage  usually  remains.  Owing  to  the  per- 
sistence of  the  characteristic  micro-structure  of  the  skeleton,  even 
detached  and  otherwise  indeterminable  fragments  of  Echinoderms 
can  commonly  be  recognised  with  certainty  under  the  microscope, 
and  valuable  assistance  is  thus  often  afforded  to  the  palaeontologist 
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in  his  researches.  Thus  the  singular  fossils  described  by  Eichwald 
under  the  name  of  Bolboporites  can  by  this  means  be  clearly  deter- 
mined to  be  of  Echinodermal  origin.  These  curious  remains  occur 
m  the  Ordovician  rocks  of  Russia  and  Canada,  and  though  variable 
in  shape,  have  most  commonly  the  form  of  inversely  conical,  ovoid, 
or  clavate  bodies,  about  a  quarter  of  an  inch  or  less  in  their  long 
diameter,  and  composed  of  calcite  with  its  characteristic  cleavage. 
The  narrower  end  of  the  body  is  usually  smooth,  and  the  sides  or 
upper  surface  generally  pitted  with  shallow  depressions.  Described 
originally  as  corals,  the  microscopic  appearances  of  thin  sections 
render  it  certain  that  the  fossils  placed  under  Bolboporites  are  parts 


Fig.  236.— Minute  structure  of  Echinodermal  plates,  a,  Part  of  a  small  plate  (madreporite  ?) 
of  an  Echinoderm  from  the  Carboniferous  rocks  of  Scotland,  highly  magnified ;  B,  Part  of  an 
interambulacral  plate  of  Lepidocentrus,  from  the  Devonian  of  the  Eifel,  highly  magnified. 
(Original.) 

of  the  exoskeleton  of  some  Echinoderm.  It  is  difficult  to  speak 
precisely  as  to  their  nature,  but  they  may  be  compared  with  the 
large  tubercles  or  swollen  spines  which  are  developed  in  the  integu- 
ment of  certain  Star-fishes  {e.g.,  Feniaceros). 

As  regards  their  classification.,  the  Echinodermata  may  be  divided 
into  seven  primary  groups,  which  are  now  usually  regarded  as 
classes  — viz.,  the  Cnnotdea,  Cystoidea,  Blastotdea,  Ophuivoidea,  As- 
terotdea,  Echinoidea,  and  HolotMiroidea.  Of  these,  the  first  is  to  a 
considerable  extent  extinct,  and  the  two  next  are  entirely  so ;  while 
they  exhibit  certain  structural  peculiarities  which  separate  them  from 
the  other  classes.  More  particularly,  the  members  of  these  three 
classes — viz.,  the  Crinoids,  Cystoids,  and  Blastoids — all  possess  a 
dorsally-developed,  jointed  calcareous  stalk,  which  serves  to  fix  them 
to  foreign  objects,  and  which  may  be  only  temporarily  present. 
From  the  presence  of  this  jointed  stem,  these  three  classes  are 
grouped  together  in  a  single  great  division,  under  the  name  of  Pel- 
matozoa.  On  the  other  hand,  the  Echinoids,  Asteroids,  Ophiuroids, 
and  Holothuroids  are  devoid  of  this  stalk  at  all  periods  of  develop- 
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ment,  and  usually  creep  about  by  the  aid  of  their  tube-feet  with 
the  oral  surface  of  the  body  turned  downwards.  They  are  there- 
fore grouped  together  in  a  common  division  under  the  name  ot 

Echinozoa.  „  ,  .  , 

As  regards  their  distribution,  all  the  recent  Echmoderms  are  mar- 
ine and  from  their  habit  of  life  and  their  possession  of  a  calcareous 
exo'skeleton,  the  members  of  this  sub-kingdom  are  largely  represented 
as  fossils,  ranging  from  the  Upper  Cambrian  period  onwards  The 
classes  of  the  Cystoidea  and  Blastoidea  are  not  only  extmct,  but  are 
exclusively  Paleozoic;  while  in  the  Crinoidea  we  have  a  group 
which  has  passed  its  prime,  and  appears  to  be  verging  on  extinction. 
On  the  other  hand,  the  classes  Echinoidea,  Asteroidea,  Ophmrotdea, 
and  Holothuroidea  appear  to  have  attained  their  maximum  of  de- 
velopment at  the  present  day.  The  Asteroidea  and  Ophiuroidea 
commence  in  the  Ordovician  period.  The  Echinoids  commence  in 
the  Ordovician,  but  reach  no  marked  development  till  we  enter 
upon  Mesozoic  deposits.  Lastly,  the  Holothiirians,  as  might  be 
expected  from  the  soft  nature  of  their  integuments,  are  hardly  known 
as  fossils,  though  they  seem  to  have  existed  at  any  rate  as  early  as 
the  Carboniferous  period. 
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CHAPTER  XXIII. 

DIVISION  A.—ECHINOZOA. 
Class  I.  Echinoidea. 

The  members  of  this  class — commonly  known  as  Sea-urchins — are 
characterised  by  the  possession  of  a  mo?-e  or  less  globular,  heart- 
shaped,  discoidal  or  depressed  body,  encased  in  a  ''■test"  or  shell,  zvhich 
is  composed  of  numerous  calcareous  plates,  in  general  tjnmovably  con- 
nected together.  The  intestine  is  co7ivohited,  and  there  is  a  distinct 
anus.  The  mouth  is  always  situated  on  the  inferior  aspect  of  the 
body,  but  the  position  of  the  vent  varies. 

The  ambulacral  system  of  the  Echinoids  consists  of  its  usual 
parts,  and  the  five  radial  vessels  given  off  from  the  circular  oeso- 
phageal ring  are  situated  within  the  shell  of  the  animal.  It  follows 
from  this  that  the  tube-feet  given  off  from  the  radial  vessels  can 
only  reach  the  exterior  by  passing  through  perforations  in  the  plates 
of  the  calcareous  test.  Hence  the  outer  surface  of  a  Sea-urchin 
exhibits  five  longitudinal  areas  which  are  "  radial "  in  position  and 
correspond  with  the  five  radiating  ambulacral  vessels,  and  the  plates 
of  which  are  more  or  less  extensively  perforated  for  the  protrusion 
of  the  tube-feet.  These  so-called  "  ambulacral  "  or  "  poriferous  " 
areas  are  separated  by  five  zones  which  are  "  interradial "  in  position, 
have  imperforate  plates,  and  are  known  as  the  "  interambulacral " 
areas.  The  external  opening  of  the  ambulacral  system  is  closed  by 
a  spongy  or  porous  plate — the  "  madreporite  " — which  is  almost  in- 
variably situated  on  the  apex  of  the  test  in  one  of  the  interradii. 
In  the  extinct  Echinocystites  (Cystocidaris)  alone  the  madreporite 
is  removed  from  its  normal  position,  and  is  placed  "  close  to  the 
apical  pole." 

As  regards  the  digestive  system,  the  mouth  is  always  placed  on 
the  under  surface  of  the  body,  and  may  be  central  or  excentric  in 
position.  The  mouth  is  sometimes  edentulous,  but  in  other  cases  a 
complicated  apparatus  of  calcareous  teeth  is  developed.    The  anus 
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in  many  cases  is  placed  at  the  summit  of  the  test,  and  is  surrounded 
by  the  so-called  "apical  disc"  or  " dorso-central  system";  but  it  is 
in  other  cases  marginal  or  submarginal,  being  then  separated  from 
the  apical  disc,  and  being  almost  always  situated  in  the  posterior 
interradius.  In  Echinocystites  {Cystocidaris)  alone  the  anus  is  ex- 
centric  and  interradial,  but  is  placed  near  the  apex. 

The  radial  nerve-cords  run  along  with  the  radiating  ambulacral 
vessels  in  the  inside  of  the  shell,  and  become  connected  at  their 
terminations  with  a  series  of  perforated  plates  ("ocular  plates") 
which  form  part  of  the  so-called  "  apical  disc,"  and  which  are  "  radial " 
in  position.  The  generative  glands  occupy  the  "  interradial "  areas, 
and  their  ducts  normally  open  by  perforations  in  the  so-called  "  gen- 
ital plates,"  which  likewise  form  part  of  the  "  apical  disc." 

It  is  necessarily  principally  with  the  test  of  the  Echinoids  and  its 
appendages  that  the  palaeontologist  is  concerned,  and  these  struc- 
tures must  therefore  be  considered  in  some  detail.  The  test  of  the 
Echinoidea  may  be  regarded  as  essentially  composed  of  the  so-called 


Fig.  237. — Echinoidea.    Test     Echinus  cscuknttts,  viewed  from  above.    «,  One  of  the 
ambulacral  areas  ;  ia,  One  of  the  interambulacral  areas. 

"  corona  "  and  of  the  "  apical  disc  "  ;  though  minor  and  less  constant 
plates  are  likewise  developed  in  the  membranes  surrounding  the 
mouth  and  anus  respectively. 

The  "  corona "  forms  the  main  element  of  the  test,  and  is  com- 
posed of  numerous  calcareous  plates,  more  or  less  firmly  united  to 
one  another  by  their  edges,  arranged  in  rows,  and  bearing  different 
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names  according  to  their  position  and  function.  In  the  singular 
Urchins  which  constitute  the  family  of  the  Echinothirida,  as  also 
m  various  Paleeozoic  Echinoids,  the  plates  of  the  test  overlap  one 
another  in  an  imbricating  manner,  so  that  the  shell  becomes  flexible 
As  a  rule,  however,  the  corona  forms  an  immovable  case  or  box 
within  which  the  animal  is  contained ;  and  its  growth  is  carried  on 
by  additions  made  to  the  edge  of  each  individual  plate  by  the 
progressive  calcification  of  an  organised  membrane  which  passes 
between  the  "  sutures,"  or  the  lines  where  the  plates  come  in  con- 
tact with  one  another.  The  first  circle  of  the  coronal  plates  is 
developed  round  the  mouth,  and  the  vertical  growth  of  the  test  is 
carried  on  by  the  intercalation  of  successive  rows  of  plates  between 
those  already  formed  and  the  apical  disc. 

The  corona  is  composed  of  ten  alternating  meridional  zones,  of 
which  five  are  radial  in  position  and  are  perforated,  while  five  are 
interradial  and  are  imperforate.  In  all  the  recent  Echinoids,  and 
in  all  the  fossil  forms  except  the  Palechinoids  and  the  Cretaceous 

Tetracidaris,  each  of  these  ten 
zones  is  composed  of  two  rows  of 
plates,  there  being  thus  twenty 
meridional  rows  of  plates  alto- 
gether. The  five  interradial  zones 
are  spoken  of  as  the  "  interam- 
bulacral  areas,"  and  are  composed 
of  large-sized  plates,  which  are  not 
perforated  by  any  apertures  (fig. 
237,  ia,  and  fig.  238,  a).  The 
five  radial  zones,  on  the  other 
hand,  are  termed  the  "  ambulacral 
areas  "  or  "  poriferous  zones,"  and 
are  composed  of  comparatively 
small  plates,  which  are  perforated 
by  minute  pores  for  the  emission 
of  the  "  tube-feet "  (fig.  237,  a,  and 
fig.  238,  b).  As  a  rule,  the  am- 
bulacral pores  are  in  pairs,  but  in 
a  few  cases  the  pores  are  unpaired. 
The  pores  of  each  pair  may  be  similar  or  dissimilar  in  shape,  and 
in  many  cases  they  are  united  by  transverse  furrows. 

In  many  Echinoids  the  ambulacral  tube-feet  can  be  protruded 
along  the  entire  length  of  the  ambulacral  areas,  which  are  perforated 
along  their  entire  course  from  the  centre  of  the  base  of  the  corona  to 
the  summit  of  the  same,  and  which  are  then  said  to  be  "  perfect " 
{ambtilacra  perfectd)  or  "simple"  (figs.  237  and  239).  In  many 
other  Echinoids,  on  the  other  hand,  the  ambulacral  areas  are  not 


Fig.  238. — A,  Portion  of  the  test  of  Holecty- 
pus  lieinisphcricus,  enlarged,  sliowing  an  inter- 
ambulacral  area  (a),  and  an  ambulacral  area 
(J)),  n.  Dorse- central  system  of //f/w/c/rfar/j 
intcrincdia,  enlarged :  c,  Ocular  plate ;  d, 
Genital  plate  ;  c.  Anal  aperture ;  f,  Madre- 
porite.    (After  Forbes.) 
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thus  continuously  perforated  from  pole  to  pole,  but  they  are  "  in- 
terrupted," only  their  upper  portions  being  regularly  poriferous. 


Fig.  2ZQ.—Echi>ioconus  conicus  {  =  GalcrUes  albogalertts).  The  first  figure  shows  the  under 
surface  with  the  mouth  and  anus  ;  the  middle  figure  is  a  side-view  ;  and  the  right-hand  figure 
^hows  the  upper  surface,  with  the  ambulacral  areas  converging  to  the  apical  disc.    White  Chalk. 


In  such  cases  (fig.  240)  the  ambulacral  zones  are  widened  out 
superiorly,  and  form  a  kind  of  rosette  upon  the  upper  surface  of  the 


Fig.  240. — Sciitella  suhrotiinda^  showing  petaloid  ambulacra.  Miocene. 


test,  when  they  are  said  to  be  "  circumscript "  {ambulacra  circum- 
scripta)^ or  "petaloid." 

The  most  important  external  structures  of  the  corona  are  the 
tubercles  and  spines.    The  tubercles  are  rounded  elevations  upon 


I'ig.  ^i.—I/cmicidaris  crenularis,  showing  tubercles,  the  larger  of  which  are  perforated, 
and  are  surrounded  by  an  areola.  Jurassic. 

which  the  spines  are  carried  (fig.  241).  They  vary  much  in  their 
dimensions,  and  receive  .special  names,  according  to  their  size  or 
position  on  the  test.    Ordinarily  the  tubercle  consists  of  a  rounded 
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ball  or  hemisphere  (the  "  mamelon  ")  supported  upon  a  conical  pro- 
cess ("the  boss")  which  arises  from  the  plate.  The  ball  of  the 
tubercle  may  or  may  not  be  perforated  for  the  insertion  of  a  liga- 
ment which  is  attached  to  the  articular  surface  of  the  spine.  In 
many  cases  (as  in  fig.  241)  the  base  of  the  tubercle  is  surrounded  by 
a  round  or  oval,  smooth  and  excavated  space  which  is  termed  the 
"  areola  "  or  "  scrobicule." 

The  spines  are  movable  appendages  which  are  jointed  to  the  tuber- 
cles by  a  sort  of  "ball-and-socket"  or  "universal"  joint.  They 
are  used  defensively  and  in  locomotion,  and  vary 
much  in  length  and  shape.    Sometimes  they  are 
very  minute;  at  other  times  they  attain  a  length 
considerably  exceeding  the  diameter  of  the  test. 
Sometimes  they  are  slender,  tapering,  and  truly  spine- 
like ;  at  other  times  they  are  thickened,  ovate,  or 
almost  globular  (fig.  242).    The  spine  fits  on  to  the 
rounded  head  of  the  tubercle  by  a  concave  articular 
surface  ("  acetabulum  "),  and  there  may  or  may  not 
be  a  pit  at  the  bottom  of  this,  for  the  attachment 
Fig.  242. — Spine    of  the  ligament  before  spoken  of     Above  the  acetab- 
'difera!"'im£,i\c.'  uluui  Or  sockct  of  the  spinc  there  is  a  prominent 
ridge  or  ring,  more  or  less  "  milled,"  for  the  attach- 
ment of  the  muscular  fibres  which  move  the  spine. 

At  the  summit  of  the  corona  in  all  Echinoids  is  found  the  single 
or  double  row  of  plates  which  constitutes  the  "  apical  disc  "  or  dorso- 
central  system,  corresponding  with  the  "  calyx  "  of  the  Crinoids.  In 
the  most  typical  forms  ("  Regular "  Echinoids)  the  plates  of  the 
apical  disc  surround  the  membrane  ("  periproct ")  in  which  the  anus 
is  situated  (fig.  243,  a);  but  in  the  so-called  "Irregular"  Echinoids 
(fig.  243,  b)  the  apical  disc  simply  occupies  the  summit  of  the 
test,  and  the  anus  is  excentric,  and  is  entirely  removed  from  the 
disc.  In  its  most  ordinary  condition  (as  in  the  genus  Echinus,  fig. 
237),  the  apical  disc  is  composed  of  ten  plates  arranged  in  two 
alternating  rows  of  five  plates  each.  The  uppermost  row  consists 
of  a  cycle  of  five  large  plates  of  a  pentagonal  form,  which  are  perfor- 
ated each  by  the  duct  of  a  testis  or  ovary,  and  are  therefore  known 
as  the  "  genital  plates."  (In  the  Pateozoic  Echinoids  from  three 
to  five  pores  pierce  each  genital  plate.)  One  of  the  genital  plates 
is  larger  than  the  others,  and  supports  a  spongy  tubercle  perforated 
by  many  minute  apertures,  like  the  rose  of  a  watering-pot,  and  termed 
the  " madreporite "  or  " madreporiform  tubercle"  (fig.  243,  ma). 
The  madreporite  varies  much  in  size,  and  sometimes  forms  almost 
the  whole  of  the  apical  disc.  The  genital  plates  occupy  the  summits 
of  the  interambulacral  areas,  and  are  therefore  interradial  in  position. 
Wedged  in  between  the  genital  plates,  and  occupying  the  summit 
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of  the  ambulacral  areas,  are  five  smaller,  heart-shaped  or  pentagonal 
plates,  which  are  known  as  the  "  ocular  plates,"  each  of  which  is 
perforated  by  a  minute  pore  lodging  the  rudimentary  sense-organ 
("  ocellus  ")  in  which  the  radial  ambulacral  nerve  terminates. 

The  anus  in  the  Echinoids  is  situated  in  a  membrane  ("peri- 
proct "),  which  is  more  or  less  largely  hardened  by  the  development 
in  it  of  small  calcareous  plates,  which  may  be  wholly  irregular,  or 
may  form  one  or  more  regular  cycles  (fig.  243,  an).  As  previously 
seen,  the  periproct  in  the  "  Regular "  Sea-urchins  is  placed  in  the 
centre  of  the  apical  disc  (fig.  243,  a),  whereas  in  the  "Irregular" 
Urchins  it  has  no  connection  with  this  structure,  and  is  wholly 


Fig.  243.— A,  Apex  of  the  shell  of  Citiaris  iinperialis  (Recent),  enlarged,  after  Van  der  Hceven  • 
B,  Apex  of  the  shell  of  Micraster  (Cretaceous),  showing  the  condition  of  the  apical  disc  in  the 

irregular  tchinoids,  after  Zittel.  an.  Anus,  surrounded  by  the  plated  "periproct";  z  One 
01  the  genital  plates  ;  o  One  of  the  ocular  plates  ;  ma,  Madreporite  ;  bi,  the  two  posterfor  am- 
bulacral areas,  constituting  the  "  bivium."  r        .     .  I- 


excentric.  The  mouth  in  the  Echinoids,  like  the  anus,  is  situated 
in  a  coriaceous  membrane  ("  peristomial "  membrane)  hardened  by 
plates  and  granules  of  lime.  Hence  in  macerated  or  fossil  speci- 
mens the  under  surface  shows,  in  place  of  the  true  mouth-opening, 
a  wide  vacant  space  ("peristome")  originally  occupied  by  the  per- 
istornial  mtegument.  The  peristome  may  be  rounded  or  oval,  or 
bilabiate,  or,  very  commonly,  pentagonal,  often  with  incisions  at  the 
angles  for  the  accommodation  of  the  so-called  "oral  gills." 

The  internal  skeleton  of  the  Echinoids  is  represented  by  the  so- 
called  "auricute"  of  certain  types.  These  are  calcareous  arches 
Which  are  ambulacral  or  "radial"  in  position,  and  spring  from  the 
inner  surface  of  the  lower  edge  of  the  test,  just  where  the  imper- 
lectly  calcified  peristomial  membrane  begins.  Each  forms  an  arch 
over  one  of  the  radiating  ambulacral  vessels ;  and  the  auricles  cor- 
respond, therefore,  with  the  so-called  "ambulacral  ossicles"  of  the 
otar-fishes. 
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Though  superficially  conspicuously  "radial"  in  its  symmetry,  the  test 
of  the  Sea-urchins  can  nevertheless  be  shown,  with  more  or  less  clear- 
ness, to  have  also  a  bilateral  symmetry.  This  can  be  demonstrated  by 
the  position  of  such  an  unpaired  organ  as  the  "  madreporite,"  and  is  more 
conspicuously  exhibited  in  the  "  Irregular "  Sea-urchins  than  in  the 
"  Regular  "  forms,  though  recognisable  even  in  the  latter.  Thus,  if  the 
test  of  a  Regular  Sea-urchin  (figs.  237  and  243)  be  viewed  from  above 
while  held  in  such  a  position  that  the  madreporite  is  placed  on  the  side 
farthest  from  the  spectator  and  on  his  right  hand,  it  will  be  seen  that 
facing  the  spectator  is  an  unpaired  ambulacral  area  ("  radius  "),  while  on 
the  side  nearest  him  is  an  unpaired  interambulacral  area  ("  interradius 
A  line  drawn  through  the  centre  of  these  two  unpaired  areas  gives  a 
middle  hne  to  the  body,  the  structures  on  either  side  being  for  the  most 
part  symmetrically  disposed.  It  will  further  be  seen  that  three  ambula- 
cral areas  (the  "  trivium ")  are  directed  towards  the  side  farthest  from 
the  spectator  (the  "  anterior  "  side) ;  while  two  (the  "  bivium  ")  are  directed 
"  posteriorly,"  or  towards  the  side  facing  the  spectator.  The  unpaired 
ambulacral  area  is  therefore  "  anterior,"  and  the  unpaired  interambula- 
crum  is  "posterior."  In  the  "  Irregular  Sea-urchins"  the  bilaterahty  is 
still  more  marked,  the  unpaired  anterior  ambulacrum  being  usually  dif- 
ferent to  the  others  in  form  or  size  ;  while  the  anus  is  commonly  placed 
on  the  ventral  side  of  the  body,  in  the  unpaired  posterior  interambulacrum. 

As  regards  classification,  the  class  of  the  Echinoidea  is  divided 
by  Zittel  into  the  two  orders  of  the  Palechinoidea,  in  which  the  test 
consists  of  more  or  fewer  than  twenty  meridional  rows  of  plates,  and 
the  Euechitwidea,  in  which  there  are  constantiy  twenty  rows  of  plates 
in  the  shell.  The  Palechinoids  comprise  the  three  groups  of  the 
Cystocidaridce,  Bothriocidarida,  and  Perischoechinidcs,  and  the  Eu- 
echinoids  are  divided  into  the  two  groups  of  the  Regulares  and  Irre- 
^ulares,  according  as  the  test  is  of  the  "  regular  "  or  "  irregular  '  type. 

As  regards  their  distribution  in  time,  all  the  Echmoids  of  the 
Paleozoic  formations  except  Eocidaris  belong  to  the  order  of  the 
Palechinoidea,  and  a  single  member  of  this  d:ivi^ion  {Anaulocidarts) 
is  known  to  exist  in  strata  of  Triassic  age,  the  division  bemg  other- 
wise unrepresented  in  Mesozoic  or  Tertiary  deposits.  The  earliest 
types  of  the  Palechinoids  are  found  in  the  Ordovician  rocks.  On  the 
other  hand,  the  Euechinoids  make  their  first  appearance,  so  far  as 
certainly  known,  in  the  Permian  {Eocidaris),  and  attain  a  marvenous 
development  in  the  Jurassic  and  Cretaceous  periods  In  the  Tertiary 
rocks  on  the  contrary,  the  number  of  known  fossil  forms  is  reduced, 
most  of  the  Kainozoic  types  being  characteristic  of  shallow  .^ater, 
and  many  of  the  genera  being  still  in  existence.  Upon  the  whole, 
the  Euechinoids  may  be  considered  as  having  attained  their  maxi- 
mum development  in  the  period  of  the  Chalk. 

In  the  following  condensed  account  of  the  characters  and  geolo- 
,ic5  distribution  of  the  chief  groups  of  the  Echino.ds  the  less  im- 
poTtant  types  are  necessarily  omitted.  The  arrangement  adopted  by 
Zittel  has  been  followed  in  the  main. 
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Order  I.  Palechinoidea. 

This  order  comprises  all  those  Urchins  in  which  the  test  is  made  up 
of  more  or  (rarely)  fewer  than  twenty  7neridional  rows  of  plates :  while 
the  plates  of  the  apical  disc  are  perforated  by  tivo  or  more  pores  each, 
or  may  be  in  part  itnperforate.  As  a  general  rule,  there  is  an  increase 
in  the  number  of  rows  of  plates  forming  the  test  of  the  Palechinoids, 
as  compared  with  that  of  the  Euechinoids,  the  interambulacral  areas 
usually  consisting  of  more  than  two  rows  of  plates  each  (fig.  244). 
In  some  cases,  the  ambulacral  as  well  as  the  interambulacral  areas 
may  consist  of  more  than  two  rows  of  plates  each,  as,  for  example. 


f  ° 

°o-  ; 

°°  ' 

i  °°) 

!°o  : 

'           0  s 
.          0  I 

c  ^ 

0  . 

0=) 

V°  1 

V°  t 

f  0  ^ 

I    0  . 

( 

'           c  > 

^       "  t 

t  1 

V  ^  ' 

Fig.  ■2i,^.—Palcechinus  ellipticus.    The  left-hand  figure  shows  a  portion  of  an  ambulacral  area 
enlarged.    The  right-hand  figure  exhibits  a  single  interambulacral  plate. 

in  the  genus  Melonites  (fig.  247).  On  the  other  hand,  in  the  genus 
Bothriocidaris  there  is  a  reduction  instead  of  a  multiplication  of  the 
normal  number  of  rows  of  plates  in  the  test,  the  interambulacral 
areas  consisting  of  one  row  of  plates  only.  Furthermore,  in  many 
of  the  Palechinoids  the  test  becomes  more  or  less  flexible,  owing  to 
the  fact  that  the  plates  are  not  suturally  united  by  their  margins,  but 
overlap  by  means  of  bevelled  edges,  the  structure  of  the  shell  thus 
resembling  that  seen  in  the  existing  group  of  the  Echinothuridce.  In 
all  the  Palechinoids  there  is  a  large  peristomial  aperture,  and  a  well- 
developed  masticatory  apparatus  ("Aristotle's  lantern")  was  present. 
In  all  except  Echinocystites  {Cystocidaris),  the  test  is  "regular,"  the 
anus  being  placed  at  the  summit  of  the  shell  and  surrounded  by  the 
apical  disc.  The  genital  plates  are  perforated  by  from  three  to  five 
pores  each ;  and  the  ocular  plates  have  usually  two  pores  each,  but 
are  m  other  cases  imperforate  (fig.  244). 

The  order  of  the  Palechinoids  includes  the  three  sub-orders  of  the 
^ystocidarida,  Bothriocidarida,  and  Perischoec/miidcB,  all  of  which 
are  wholly  confined  to  the  Palteozoic  period,  with  the  exception  of 
tne  last  which  is  represented  in  the  Trias  by  the  imperfectly  known 
genus  Anaulocidaris.     It  is  interesting  to  note  that  this  ancient 
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series  of  Echinoids  possesses  both  "regular"  and  "irregular"  types, 
and  in  this  respect  runs  parallel  with  the  later  group  of  the  Euechin- 
oids.  It  is  to  be  remembered,  however,  that  the  abnormal  Echino- 
cystites  [Cystocidaris)  exhibits  an  irregularity  of  structure  which 
differs  considerably  from  that  which  characterises  the  "  Irregular " 
Euechinoids. 

The  sub-order  of  the  CystocidaridcB  comprises  only  the  aberrant 
genus  Echinocystites  (=  Cystocidaris,  Zittel),  in  which  the  interambu- 


Fig.  245.  —  A,  Apical  disc  of  Palcechinus,  enlarged  (after  Baily) ;  B,  Apical  disc  of  Meloniics 
(after  Meek  and  Worthen) :  g.  One  of  the  genital  plates  ;  o,  One  of  the  ocular  plates. 


lacral  zones  are  composed  each  of  several  rows  of  plates,  and  the 
anus  is  excentric.  The  two  known  species  of  the  genus  are  found 
in  the  Silurian  rocks  of  Britain. 

The  test  in  Echinocystites  is  spheroidal  or  ovoid,  with  narrow  ambulacra! 
and  broad  interambulacral  areas,  the  latter  being  formed  by  several 
irregular  rows  of  imbricated  calcareous  plates,  canying  spines.  The 
mouth  is  on  the  under  surface,  central  in  position,  with  a  well-developed 
masticatoi-y  apparatus  ;  while  the  anus  is  excentric,  but  has  the  unique 
position  of  being  not  widely  remote  from  the  apex  in  one  of  the  inter- 
ambulacral spaces.  The  madreporite  is  also  quite  peculiar  in  not  being 
at  the  apex  of  the  shell,  but  in  being  placed  excentrically  in  one  of  the 
interambulacra.  Another  remarkable  point  is  that  the  anus  is  closed  by 
a  valvular  pyramid  of  calcareous  plates,  a  feature  highly  characteristic  of 
the  Cystideans. 

The  sub-order  of  the  Bothriocidaridce  includes  the  single  genus 
Bothriocidaris,  in  which  the  interambulacral  areas  are  composed 
each  of  a  single  row  of  plates,  and  the  anus  is  placed  in  the  centre 
of  the  apical  disc.  The  two  known  species  of  the  genus  have  been 
found  in  the  Ordovician  rocks  of  Russia  (Esthonia). 
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The  test  in  Bothriocidaris  is  spheroidal  and  "  regular,"  the  anus  being 
situated  in  the  centre  of  the  apical  disc,  and  the  ambulacra  being 
"  perfect."  The  plates  of  the  test  are  immovably  connected,  and  the 
interambulacral  zones  are  composed  of  a  single  row  of  plates  only,  while 
the  ambulacral  zones  have  two  rows  each  (fig.  246,  a).  There  are  thus 
fifteen  meridional  rows  of  plates  in  the  test  in  all.     The  peristomial 


Fig.  11,(3.— Bothriocidaris  Pahlcni,  Ordovician.  a,  The  test  v-iewed  sideways,  of  the  natural 
size ;  b,  The  apical  disc  and  anus,  enlarged ;  c,  The  mouth,  enlarged.  (Copied  from  Zittel,  after 
Fr.  Schmidt.) 

membrane  (fig.  246,  c)  is  furnished  with  triangular  valvular  plates  sur- 
rounding the  mouth-opening,  and  similar  plates  encircle  the  aperture  of 
the  anus  {b). 

The  sub-order  of  the  Perischo'echinidce.  comprises  all  the  known 
remaining  types  of  the  Palechinoids,  and  is  characterised  by  the  fact 
that  the  test  is  composed  of  more  than  twenty  meridional  rows  of 
plates,  and  is  "  regular "  in  type,  the  anus  being  situated  in  the 
centre  of  the  apical  disc.  The  interambulacral  areas  always  possess 
more  than  two  rows  of  plates  each,  and  the  ambulacral  areas  likewise 
may  consist  of  more  than  two  rows  each  (as  in  Melonites  and  Oligo- 
porus,  ^g.  247).  The  mouth  is  placed  in  the  centre  of  the  lower 
surface,  and  is  furnished  with  a  masticatory  apparatus,  while  the 
anus  is  situated  at  the  summit  of  the  test.  The  genital  plates  have 
from  two  to  five  pores,  and  the  ocular  plates  may  have  two  pores 
each  or  may  be  imperforate  (fig.  245).  Very  commonly  the  test 
becomes  more  or  less  flexible  in  consequence  of  the  imbrication  of 
its  component  plates,  the  edges  of  which  are  often  bevelled.  All  the 
Perischo'echinidce.  are  Palaeozoic,  with  the  exception  of  the  Triassic 
genus  Anaiilocidaris.  The  earliest  types  are  found  in  the  Silurian, 
but  the  group  attains  its  maximum  in  the  Carboniferous  rocks. 

Of  the  genera  of  the  PerischoechiitidcE,  Palcechinus  possesses  a 
spheroidal  test  (fig.  244),  the  plates  of  which  abut  against  one  another 
without  any  overlapping.  The  ambulacral  areas  are  comparatively 
narrow,  of  two  rows  only,  each  plate  perforated  by  two  pores.  The 
interambulacral  areas  are  broad,  and  are  composed  of  from  four  to  eight 
rows  of  plates.  The  apical  disc  (fig.  245,  a)  has  five  triply  perforated 
fn"'!'^!  P^^*^^^'  ^'^^  equal  number  of  doubly  perforated  ocular  plates 
(isaily),  but  the  latter  are  wanting  in  P.  sphcericus.    A  single  species  of 
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the  genus  occurs  in  the  Sihu-ian  rocks,  but  a  number  of  forms  are  found 
in  the  Carboniferous  Limestone. 

In  the  genera  Melo7iites  and  Oligoporus,  of  the  Carboniferous  rocks 
we  have  large  spherical  Urchins,  in  which  the  test  appears  to  have  been 
rigid,  though  some  of  the  plates  are  occasionally  bevelled  off,  so  as  to 
articulate  in  an  overlapping  manner  with  one  another.  In  Melonites 
(fig.  247)  there  is  a  multiplication  of  the  plates  of  both  the  interambulacral 
and  ambulacral  areas,  the  former  consisting  in  the  middle  of  seven  or  eight 
rows,  while  the  latter  are  of  eight  or  ten  rows,  or,  in  a  British  species,  of 
from  twelve  to  fourteen  rows.  The  central  two  rows  of  ambulacral  plates 
are  larger  than  the  rest  and  elevated  above  them,  and  each  plate  of  these 
areas  is  doubly  perforated.    The  apical  disc  (fig.  245,  b)  is  composed  of 


Fig.  247. — A,  Portion  of  an  ambulacral  area  of  Mcloniies  multifonts.  B,  Portion  of  an  am- 
bulacral area  of  Oli^oporus  Dcma:  i.  Lateral  row  of  interambulacral  plates.  Carboniferous. 
(Meek  and  Worthen.) 

the  normal  ten  plates,  but  the  ocular  plates  are  sometimes  imperforate, 
and  the  genital  plates  are  furnished  with  from  three  to  five  pores. 

Oligoporus  (fig.  247,  b)  is  very  similar  to  Melonites,  but  the  ambulacral 
areas  consist  each  of  only  four  rows  of  plates. 

Allied  to  Melonites  is  the  Carboniferous  genus  Lepidesthes,  in  which 
the  ambulacra  are  composed  of  no  less  than  ten  rows  of  plates,  the  inter- 
ambulacra  being  comparatively  narrow  and  composed  of  six  or  seven 
rows  of  plates.  The  plates  of  the  test,  as  in  various  other  Palechinoids, 
are  imbricated,  the  test  thus  becoming  flexible,  as  it  is  in  the  recent  genus 
Asthenosovia.  The  imbrication  in  the  flexible  Palechinoids  differs  from 
that  of  the  EclMiothuridce  in  the  fact  that  the  overlapping  of  the  inter- 
ambulacral plates  is  from  below  upwards,  and  th.-it  of  the  ambulacral 
plates  from  above  downwards,  the  reverse  of  this  taking  place  in  Astheno- 
sovia and  its  allies.  .    ^    ,      .-,    ■  ,n       on  •     1  •  1 

A  well-known  Carboniferous  genus  is  Archccoadaris  (fig.  248),  in  which 
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the  test  is  spheroidal,  the  ambulacra  are  only  two-rowed,  and  the  mter- 
ambulacra  are  wide  and  are  composed  of  three  or  more  rows  of  plates. 
The  interambulacral  plates  (fig.  248,  b)  carry  each  a  large  perforated 
tubercle,  surrounded  by  a  ring,  supportmg  a  long  echmulate  spme  (<^). 
*  As  shown  by  Mr  John  Young,  the  test  must  have  possessed  a  certam 
degree  of  flexibility,  as  the  edges  of  some  of  the  interambulacral  plates 
are  bevelled  off.    The  Devonian  and  Carboniferous  genus  Leptdeclmitts 


a 


Fig.  ■2S,%.—Arch(Bocidaris  Wortheni,  from  the  Carboniferous  Limestone  of  North  America, 
a,  Fragment  of  the  under  side,  with  the  teeth,  of  the  natural  size;  b.  An  interambulacral  plate, 
viewed  from  above  and  sideways,  showing  the  hexagonal  form,  and  the  spine-bearing  tubercle  ; 
c.  Portion  of  an  ambulacrum,  enlarged  :  d.  One  of  the  spines,  of  the  natiural  size.  (Copied  from 
Zittel— after  Hall.) 


I 

differs  from  the  preceding  in  the  fact  that  the  plates  of  the  test  are 
strongly  imbricated,  the  shell  thus  becoming  quite  flexible.  The  ambu- 
lacral  areas  are  two-rowed,  but  the  interambulacra  have  from  nine  to 
eleven  rows  of  plates. 

Differing  in  some  respects  from  the  preceding  are  the  genera  Perischo- 
dovius,  Rhoechimts,  and  Lepidocentrus,  of  which  the  two  first  are  Car- 
boniferous, while  the  last  is  found  in  the  Devonian  rocks.  In  all  these 
genera,  the  test  is  rendered  flexible  by  the  overlapping  of  the  inter- 
ambulacral plates. 

Lastly,  the  Triassic  genus  Anaulocidaris,  known  by  detached  plates 
and  spines,  is  allied  to  Archaocidaris,  and,  so  far  as  known,  is  the  latest 
representative  of  the  division  of  the  Palechinoids. 


Order  II.  Euechinoidea. 

This  division  comprises  all  those  Sea-urchins  in  which  both  the 
ambulacral  and  interambulacral  areas  are  constantly  tivo-rowed,  the 
test  thus  consisting  of  twenty  roivs  of  plates.  The  genital  and  ocular 
plates  are  almost  always  perforated  by  a  single  opening  each ;  and 
a  masticatory  apparatus  may  be  present  or  absent.  The  test  may  be 
"  regular  "  or  "  irregular." 
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The  order  of  the  Euechinoids  includes  all  the  normal  Sea- 
urchins,  and  the  distribution  of  the  group  in  time  is  remarkable. 
No  Euechinoid  has  hitherto  been  detected  in  any  Pateozoic  de- 
posit anterior  to  the  Permian,  but  a  vast  development  of  the  forms  ' 
of  this  division  takes  place  in  rocks  of  Mesozoic  age,  while  all  the 
Tertiary  and  Recent  Urchins  also  belong  to  this  group.  In  the 
Jurassic  and  Cretaceous  rocks  the  Euechinoids  attain  their  maxi- 
mum development,  and  very  numerous  forms  are  also  known  from 
the  Tertiary  formations. 

The  Euechinoidea  may  be  divided  into  the  two  sub-orders  of  the 
Regidares  and  Irregulares,  the  characters  and  chief  groups  of  which 
will  be  briefly  treated  of  in  the  following  pages. 


Regular  Euechinoids. 


The  sub-order  Regulares  {Echinoidea  endocydica)  includes  all  those 
Euechinoids  in  which  the  test  is  "regular,"  the  mouth  being  inferior 
and  central,  while  the  anus  occupies  the  centre  of  the  superior  sur- 
face, and  is  surrounded  by  the  apical  disc.  The  form  of  the  test  is 
usually  spheroidal,  and  the  ambulacral  areas  are  perfect,  and  are  all 
alike.  The  mouth  is  furnished  with  a  masticatory  apparatus.  In 
Tetracidaris  the  interambulacra  are  in  part  four-rowed,  but  in  all 
others  they  are  two-rowed,  as  are  the  ambulacra  in  all  cases.  The 
members  of  this  sub-order  appear  to  be  the  most  ancient  forms 
of  the  Euechinoids,  being  tolerably  well  represented  in  the  Trias, 
and  even  occurring  in  the  still  older  Permian  formation  (Eocidaris  ) 
They  are  largely  represented  in  the  Jurassic  and  Cretaceous  forma- 
tions, but  begin  to  diminish  in  numbers 
in  the  Eocene  Tertiary.  The  Regulares 
may  be  divided  into  the  four  princi- 
pal families  of  the  Cidaridce,  Salenidce, 
Echinothuridce,  and  GlyJ>hostoniata,  the 
more  important  forms  of  which  are 
noticed  below. 

Family  i.  Cidaridce. — In  this  family 
the  test  is  spheroidal,  and  more  or  less 
flattened  at  the  oral  and  anal  poles. 
The  ambulacral  areas  (fig.  249),  are 
very  narrow,  often  flexuous,  and  never 
provided  with  large  tubercles.  The 
interambulacral  areas  are  wide,  and 
carry  large  perforated  tubercles,  surrounded  by  an  areola,  and 
supporting  the  primary  spines.  The  spines  are  of  two  sizes,  the 
primary  ones  usually  more  or  less  cylindrical,  clavate,  or  fusiform, 
and  generally  longitudinally  ridged  or  tuberculate  (fig.  242). 


Fig.  249. — Under  surface  of  the  test 
of  Cidaris  vesiculosa,  of  the  natural 
size.    Chalk.    (After  Wright.) 
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Of  the  genera  of  this  family,  Cidaris  itself  (fig.  249)  is  the  most  im- 
portant, ranging  from  the  Trias  to  the  present  day.  Rhabdocidans  is 
Jurassic  and  Cretaceous  ;  Diplocidaris  is  Jurassic  ;  and  the  Poroctdaris 
of  the  Secondary  and  Tertiary  periods  has  now  been  detected  by  bir 
Wyville  Thomson  in  a  living  condition.  In  the  aberrant  Cretaceous 
genus  Teiracidaris,  the  interambulacral  zones  are  composed  each  of  four 
rows  of  plates,  reduced  to  two  rows  in  the  neighbourhood  of  the  apex. 

The  genus  Eocidaris,  based  upon  a  form  which  occurs  in  the  Permian 
rocks  of  Germany,  has  been  generally  placed  among  the  Palechinoids,  in 
the  vicinity  of  Archceocidaris.  According  to  the  recent  researches  of 
Kolesch,  however,  the  interambulacral  and  ambulacral  areas  in  E.  Key- 
serlin^  are  two-rowed,  and  the  genus  is  therefore  properly  referable  to 
the  Euechinoids.  The  Devonian  and  Carboniferous  Urchins  which  have 
been  referred  to  Eocidaris  have  more  than  twenty  rows  of  plates  in  the 
corona,  and  must  therefore  be  removed  from  this  genus  as  now  under- 
stood. With  our  present  knowledge,  therefore,  the  Permian  Eocidaris 
must  be  regarded  as  the  oldest  type  of  the  Euechinoids. 

Family  2.  SaktiidcB. — In  this  family  the  test  is  generally  spher- 
oidal, hemispherical,  or  depressed,  and  the  ambulacral  areas  are 
always  narrow,  sometimes  straight,  sometimes  flexuous,  and  without 
large  primary  tubercles.  The  interambulacral  areas  are  always  pro- 
vided with  two  rows  of  large  tubercles, 
with  crenulated  bosses,  which  may  or 
may  not  be  perforated.  The  lead- 
ing character  of  the  family,  however, 
is  to  be  found  in  the  apical  disc  (figs. 
250  and  251),  which  is  of  unusually 
large  size,  and  possesses  a  supernum- 
erary or  "  suranal "  plate  in  addition 
to  the  ten  normal  plates.  This  sur- 
anal plate  (fig.  250,  s)  is  placed  in 
front  of  the  anus,  and  it  may  be 
single,  or  it  may  be  represented  by     Fig.  250.  —  Apical  disc  of  Peitastes 

_„,,„    1    /  .1  •  1  i\      1        Wrightii,  one  of  the  Salenida.  a, 

several    (not    more     than    eight)    ele-    Anui;  g,  One  of  the  genital  plates  ; 

ments.    From  a  morphological  point  ^kS?^  Tw\crtt'L''tl^V"  Ue.'"  Cr^! 

of  view    the    suranal    plate    may    be    taceous  (Lower   Greensand).  (After 

compared  with  the    "  dorso-central " 

plate  of  the  Crinoids,  while  the  genital  and  ocular  plates  respectively 
correspond  to  the  basals  and  radials  of  the  Crinoidal  calyx.  The 
"  madreporite "  is  imperfectly  developed,  and  often  hardly  recog- 
nisable. The  peristomial  membrane  is  furnished  with  calcareous 
plates  which  differ  from  the  peristomial  plates  of  the  Cidaridcc  in 
the  fact  that  the  rows  of  ambulacral  pores  are  not  continued  over 
them  to  the  mouth. 

The  genus  Salema  itself  (fig.  251)  appears  for  the  first  time  in  the 
^^retaceous  rocks,  and  still  survives  at  the  present  day.  Peitastes,  with 
a  similar  range  in  time  to  Salenia,  differs  from  the  latter  in  the  fact  that 
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the  anus  is  placed  in  the  middle  line  ;  and  the  Goniophorus  of  the  Chalk 
IS  a  closely  allied  form.  Acrosalenia,  again,  ranges  from  the  Lias  to  the 
Chalk. 

Family  3.  Echinothuridcu. — In  this  small  but  highly  remarkable 
division  of  the  Echinoidea  the  test  is  "regular,"  the  anus  being 


Fig.  251. — Salenia  personata.  The  left-hand  figure  represents  the  upper  surface  of  the  shell, 
and  shows  the  anus  surrounded  by  the  apical  disc.  The  right-hand  figure  shows  the  under  side 
with  the  peristomial  space. 

placed  in  the  centre  of  the  apical  disc,  and  the  ambulacral  areas 
being  continuous ;  but  the  plates  of  both  the  ambulacral  and  inter- 
ambulacral  areas  are  imbricated  and  overlap  one  another  (fig.  252), 
the  test  thus  becoming  flexible.  In  this  abnormal  character,  the 
EchinothuridcE  agree  with  some  of  the  Palaeozoic  Urchirls,  but  they 


Fig.  252. — Portion  of  one  of  the  ambulacral  areas  of  Echinothuria  Jloris,  enlarged  four 
times.    Chalk.    (After  Wright.) 

differ  from  these,  and  agree  with  the  ordinary  Regular  Echinoids  in 
having  the  test  composed  of  no  more  than  twenty  rows  of  plates. 

The  only  fossil  forms  of  this  group,  as  yet  discovered,  are  refer- 
able to  the  Cretaceous  genus  Echi?iothuria,  the  true  affinities  of 
which  have  now  been  elucidated  by  the  discovery  of  the  extraor- 
dinary living  types  referred  to  the  genera  Asthenosoma  and  Fhor- 
ntosoma. 

Fmnily  4.  Glyphostomata. — In  this  family  the  ambulacral  areas 
are  not  much  narrower  than  the  interambulacral,  and  both  as  a  rule 
carry  primary  tubercles.  The  peristomial  membrane  usually  carries 
irregular  calcareous  ossicles,  but  is  not  completely  plated,  and  the 
peristome  is  furnished  with  more  or  less  marked  incisions  at  its 
angles.    "  Auriculae  "  are  present.    This  family  is  divisible  into  the 
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two  minor  groups  of  the  Diadematidcn  and  the  Echinidce,  \>o\h  oi 
which  appear  in  the  Secondary  period,  and  are  represented  at  the 

'^^^Inl'^t^Diadematidce,  the  pairs  of  ambulacral  pores  (fig  253)  form 
a  sinde  row  on  each  side  of  the  ambulacral  areas,  except  near  the 
apex°and  the  peristome,  where  more  than  one  row  of  pore-pairs 
may  be  developed.    The  test  is  generally  circular  or  pentagonal, 


Fig.  2S3.-Portion  of  the  test  o'i  Pscudodiadema  Fittomi  tn\^rg^A  four  times.    «,  Ambulacral 
area;  7,  Interambulacralarea.    Lower  Greensand  (Cretaceous).    (After  Wright.) 

more  or  less  depressed  and  flat  below.  The  ambulacral  areas  are 
wide,  and  carry  two  rows  of  large  primary  tubercles,  equal  in  size  to 
the  two  or  more  rows  of  tubercles  upon  the  interambulacra.  The 
tubercles  are  sometimes  perforated,  sometimes  imperforate,  and 
they  may  or  may  not  be  crenulated.  The  spines  are  cylindrical  and 
slender,  and  usually  of  considerable  length.  In  the  living  Diadema 
the  spines  are  long,  tubular,  and.  covered  with  imbricated  scales 


Fig.  254. — Hcmicidaris  crenularis,  showing  tubercles,  the  larger  of  which  are  perforated, 
and  are  surrounded  by  an  areola.  Jurassic. 

arranged  in  oblique  rings.  The  Diadematidcs  are  very  extensively 
represented  in  the  Secondary  rocks,  the  earliest  forms  appearing  in 
the  Upper  Trias ;  the  Tertiary  forms  are  less  numerous,  and  a 
limited  number  of  types  referable  to  the  group  still  exist. 

Of  the  genera  of  this  family,  Hemicidaris  (fig.  254)  has  a  spheroidal, 
more  or  less  depressed  test,  with  a  general  resemblance  to  that  of  the 
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CtdandcB  The  ambulacral  areas,  however,  though  narrow  and  mostly 
undulated,  are  wider  than  in  the  Cidarida,  and  are  provided  with  com- 
pai-atiyely  large  tubercles,  which  may  be  developed  inferiorly  only 
(^Hemicidaris),  or  which  may  extend  along  the  entire  length  of  the  area 
{Acrocidans).  The  interambulacral  areas  are  wide,  and  cany  very  large 
perforated  tubercles  with  crenulated  bosses.  The  spines  are  usually  long 
cylindrical,  and  tapering.  The  type-genus  of  this  family  is  Hemicidaris 
(hg  254),  which  ranges  from  the  Upper  Trias  to  the  Lower  Cretaceous 
inclusive.  In  Acrocidaris,  of  the  Jurassic  and  Cretaceous  periods,  the 
ambulacral  areas  are  comparatively  wide.  In  the  genus  Psetidodiadema, 
which  ranges  from  the  Lias  to  the  Eocene  Tertiary,  the  spines  are  solid 
and  microscopically  striated,  and  the  tubercles  are  perforated  (fig.  253). 
On  the  other  hand,  in  the  genus  Cyphosoma  and  in  a  number  of  allied 
forms,  the  tubercles  are  imperforate.  The  species  of  Cyphosoma  are 
mostly  found  in  the  Chalk,  but  some  occur  in  the  Eocene,  and  a  single 
species  survives  at  present.  Hemipedina,  again,  which  begins  in  the 
Jurassic  rocks,  and  which  is  also  represented  at  the  present  day  by  a 
single  living  species,  is  like  Pseiidodiadema,  but  the  tubercles  are  not 
crenulated.  This  is  also  the  case  with  the  extensive  genus  Goiuopygus 
255),  which  is  principally  Cretaceous  in  its  range,  though  also  occur- 


Fig.  2$$.— Goniojiygus  major,  viewed  from  above  and  sideways,  of  the  natural  size. 

Cretaceous. 


ring  in  the  Eocene  rocks.  In  the  great  size  of  the  apical  disc  this  genus 
reminds  us  of  Salenia,  but  it  wants  the  supernumerary  "  suranal "  plate 
of  the  latter.  Among  the  many  other  genera  of  this  sub-family,  Cottaldia 
(Chalk  to  Recent),  Glypticus  (Jurassic),  Codiopsis  (Cretaceous),  and  Tem- 
7iechinus  (Pliocene)  may  be  specially  mentioned  ;  but  the  number  of  types 
included  in  this  group  is  too  large  to  permit  of  further  particularisation. 

In  the  sub-family  of  the  Echinidce,  the  general  structure  of  the 
test  is  much  the  same  as  in  the  Diadematidce,  but  the  ambulacral 
plates  consist  of  at  least  three  "pore-plates"  fused  together,  and  the 
pairs  of  ambulacral  pores  are  arranged  in  three  or  more  rows  (rarely 
in  two  rows  only)  on  each  side  of  each  ambulacrum  (fig.  256, 
The  test  is  usually  globular  or  hemispherical,  and  the  ambulacral 
areas  are  comparatively  wide,  and  carry  two  or  more  rows  of  tubercles. 
The  interambulacral  areas  are  wide,  and  carry  primary  tubercles, 
which  are  always  imperforate,  and  are  never  of  very  large  size.  The 
spines  are  short  and  awl-shaped,  and  their  surface  is  marked  with 
fine  longitudinal  lines. 
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In  many  genera  of  the  Echinidcs  each  ambulacral  plate  carries  three 
pairs  of  pores,  and  types  exhibiting  this  character  appear  as  early  as  the 
Jurassic  period.  One  of  the  leading  genera  thus  characterised  is  Stom- 
echinus  (fig.  256),  which  is  found  in  both  the  Jurassic  and  Cretaceous 
deposits.  An  allied  Jurassic  genus  is  Polycyphnsj  while  Salmacis  and 
Echinus  proper  begin  in  the  Eocene  Tertiary,  and  are  represented  at  the 
present  day  by  living  species.  On  the  other  hand,  in  other  genera  of  the 
Echinida  each  ambulacral  plate  carries  more  than  three  pairs  of  ambu- 
lacral pores.    The  foms  of  this  group  are  comparatively  modem,  a  few 


Fig.  256. — Siomechinus  lineatus,  from  the  Jurassic  rocks  (Coral  Rag)  of  Germany,  a,  A 
specimen  viewed  in  profile,  of  the  natural  size ;  b.  Part  of  the  oral  region  of  the  same.  (After 
Zittel.) 


types  {Phymechinns,  Pedinopsis,  &c.)  occurring  in  the  Upper  Jurassic  or 
Cretaceous  rocks,  but  the  majority  being  Tertiary  or  Recent.  The  two 
most  important  members  of  this  section  are  SphcBrecJiinus  and  Stroiigylo- 
cefitrotus,  both  of  which  begin  in  the  Pliocene  Tertiary,  and  are  repre- 
sented by  living  species. 


Irregular  Euechinoids. 

The  sub-order  of  the  Irregulares  {Echinoidea  exocyclicd)  includes 
all  those  Euechinoids  in  which  the  test  is  "  irregular,"  the  anus  being 
excentric,  and  not  connected  with  the  genital  disc.  The  mouth  is 
placed  on  the  lower  surface,  and  may  be  central  or  excentric  in 
position,  while  a  masticatory  apparatus  may  or  may  not  be  present. 
The  test  is  bilaterally  symmetrical,  commonly  of  an  oblong,  penta- 
gonal, heart-shaped,  or  discoidal  figure  (as  in  the  common  "  Heart- 
urchins"  and  "  Cake  -  urchins  ").  There  are  commonly  only  four 
genital  plates  in  the  apical  disc,  and  the  ambulacra  may  be  either 
simple  or  petaloid. 

The  Irregular  Euechinoids  have  been  divided  into  two  groups, 
according  as  they  possess  a  masticatory  apparatus  {Gnathostomatd), 
or  are  without  teeth  (^Atelostomata) ;  but  these  two  groups  are  very 
closely  connected,  and  it  seems  that  too  much  weight  has  been 
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attached  to  the  value  in  classification  of  this  particular  character. 
Moreover,  it  has  not  in  all  cases  been  certainly  ascertained  whether 
or  not  a  masticatory  apparatus  is  actually  present.  Here,  therefore, 
it  will  be  sufficient  to  divide  the  Irregular  Euechinoids  into  the  six 
families  of  the  Conocfypeidce,  Clypeastridce,  Echinoconida,  Cassidulidcc, 
Holasteridce,  and  Spatangidtz.  The  oldest  types  of  the  whole  series 
(Pygaster  and  Galeropygus)  appear  in  the  Lias,  and  numerous  forms 
are  known  in  the  later  Mesozoic  and  Tertiary  deposits,  while  the 
group  is  largely  represented  at  the  present  day. 

Family  i.  Conoclypeida. — The  Urchins  of  this  family  have  a 
rounded  or  ovoid,  gibbous  test,  covered  with  small  tubercles  and 
spines.  The  ambulacra  are  petaloid,  but  are  continued  inferiorly  as 
far  as  the  mouth.  There  are  only  four  genital  plates,  and  the  madre- 
porite  is  of  large  size.  The  mouth  is  placed  in  the  centre  of  the 
inferior  surface,  and  the  anus  is  submarginal.  Teeth  are  present, 
and  "  auricles  "  are  also  developed.    All  the  members  of  this  family 


Fig.  lyi—Conodypus  conoideus,  from  the  Eocene  rocks  of  Germany,  viewed  sideways  and 
from  below,  reduced  in  size.    (After  Zittel.) 


except  one  are  referable  to  the  single  genus  Conoclypiis  (fig.  257),  the 
species  of  which  range  from  the  Chalk  to  the  present  day,  being  most 
abundant  in  the  Eocene  Tertiary. 

Family  2.  Clypeastridce. — In  this  family  the  test  is  usually  circular 
or  elliptical,  generally  depressed,  the  surface  covered  with  small 
tubercles  surrounded  by  sunken,  ring-like  areolm,  and  carrying  hair- 
like  spines.  The  dorsal  portions  of  the  ambulacral  zones  are  wide 
and  petaloid,  and  the  ambulacral  pores  are  confined  to  the  apical 
"  rosette  "  thus  formed.  The  mouth  is  inferior,  central,  and  armed 
with  teeth ;  and  the  anus  is  marginal  or  infra-marginal.  The  madre- 
porite  occupies  almost  the  whole  of  the  apical  disc,  and  the  genital 
plates  (four  or  five  in  number)  are  only  indicated  by  their  pores. 
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The  interior  of  the  shell,  as  a  rule,  is  more  or  less  subdivided  by 
calcareous  pillars  or  septa.  The  Clypeastrids  range  from  the  Chalk 
to  the  present  day,  but  the  early  forms  of  the  group  are  small. 

The  typical  Clypeastrids  have  the  test  more  or  less  gibbous  superiorly, 
the  two  most  important  genera  being  Echinocyamics  and  Clypeaster.  The 
first  of  these  includes  small  oval  Urchins,  which  range  from  the  Chalk  to 
the  present  day ;  while  the  latter  (fig.  258)  comprises  large,  massive,  ellipti- 
cal or  pentagonal  types,  with  a  conspicuously  developed  ambulacral  rosette. 


Fig.  258. — Clypeaster  grajuiiflorus,  from  the  Miocene  Tertiary,  viewed  from  above  and  below, 
slightly  reduced  in  size.    (Copied  from  Zittel,  after  Desor.) 


The  oldest  known  species  of  Clypeaster  appear  in  the  Eocene  Tertiary, 
but  there  are  numerous  Miocene  and  Phocene  forms,  and  the  genus  is 
well  represented  in  recent  seas. 

In  another  group  of  Clypeastrids,  exemplified  by  such  genera  as  Scu- 
tella  ^nd  Echinarachnius,  the  test  is  so  flattened  as  to  become  discoid 
or  cake-like.  The  genus  Saitella  (fig.  240)  is  wholly  confined  to  the 
Eocene  and  Miocene  deposits,  while  the  closely  allied  types  placed 
under  Echijiarachnius  are  still  represented  in  existing  seas. 

Family  3.  EchinoconidcB. — In  this  family  the  test  is  usually  cir- 
cular or  subpentagonal,  the  ambulacral  areas  being  narrow,  and 
running  continuously  from  the  apical  disc  to  the  peristome  (fig.  259). 
Both  the  ambulacral  and  interambulacral  areas  carry  small,  crenu- 
lated,  and  perforated  tubercles,  which  support  short  and  awl-shaped 
spmes.  The  mouth  is  inferior  and  central,  and  the  excentric  anus 
may  be  superior  in  position,  but  is  usually  inferior  or  marginal. 
Ihere  may  be  only  four  genital  plates  in  the  apical  disc. 

2  B 
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The  position  of  the  family  Echitioconidce  has  been  rendered  doubt- 
ful by  the  researches  of  Professor  Martin  Duncan,  who  has  shown 
that  the  type-genus,  Echinoconus,  usually  regarded  as  possessing  teeth 
and  "  auricles,"  is  really  destitute  of  both  these  structures.  In  ac- 
cordance with  this,  Dr  Duncan  would  remove  the  genus  Echmoconus 
to  the  family  of  the  Cassidulidce.    The  forms  included  in  the  family 


Fig.  259. — Discoidca  cylindrica.  The  right-hand  figure  shows  the  summit  of  the  shell,  with 
the  genital  disc.  The  left-hand  figure  shows  the  base  of  the  shell,  on  which  are  situated  both  the 
mouth  and  anus.  Cretaceous. 

Echinoconidce  are  almost  wholly  confined  to  the  Jurassic  and  Creta- 
ceous rocks,  so  far  as  at  present  known ;  but  a  living  species  of 
Pygaster  has  been  detected,  and  this  genus,  at  any  rate,  must  have 
representatives  in  the  Tertiary  rocks. 

The  genus  Echinoconus  {  =  Galerites)  is  exclusively  confined  to  the 
Cretaceous  rocks,  E.  vulgaris  and  E.  conicus  {=Galerites  albogalerus) 
being  very  common  species  in  the  White  Chalk. 
The  test  in  this  genus  (fig.  239)  is  rounded  or 
subpentagonal,  often  conical,  with  a  nearly  flat 
base.  The  anus  is  infra-marginal  or  nearly  mar- 
ginal. Discoidea  (fig.  259)  is  also  confined  to 
the  Cretaceous  rocks,  and  is  nearly  related  to  the 
preceding,  but  the  margins  of  the  interambulacral 
areas  in  the  interior  of  the  test  are  strengthened 
by  longitudinal  thickenings  or  ribs.  Holectypus, 
again,  is  closely  allied  to  Discoidea.,  but  the  test 
is  depressed  (fig.  260),  and  there  are  no  internal 
„.  ,  „  f  „  ,  ribs.  The  species  of  this  genus  are  Jurassic  and 
tiLf  iu,nisMericus,  viewed  Cretaceous.  Lastly,  in  the  genus  Fygasicrjfig. 
fVom  above -Jurassic.  (After  261),  the  anal  aperture  is  of  great  size,  oblong 
Edward  Forbes.)  pyriform  in  shape,  and  situated  on  the  superior 

aspect  of  the  shell.  All  the  five  genital  plates 
are  present,  and  are  perforated  for  the  generative  ducts.  The  species 
of  this  genus  are  mostly  Jurassic  and  Cretaceous,  but  a  recent  species  is 
known  to  exist. 

Famt/y  4.  Cassidu/idcs.— This  family  comprises  irregular  Urchins 
in  which  the  mouth  is  invariably  edentulous,  and  is  placed  centrally 
or  subcentrally  on  the  inferior  surface,  while  the  anus  is  excentric, 
and  is  generally  placed  on  the  upper  surface  (fig.  262).  The  test 
is  generally  oval  or  elliptical,  and  the  ambulacral  zones  are  approxi- 
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mately  similar,  and  may  be  either  simple  {Echinonida;)  or  petaloid 
{Echinolampadce).    Only  four  genital  plates  are  furnished  with  per- 


Fig.  2.ti.—Pygaster  truncaius,  viewed  from  above,  from  behind,  and  from  one  side. 

Cretaceous. 


forations  for  the  generative  ducts.  The  range  of  the  family  is  from 
the  Jurassic  to  the  present  day  inclusive. 

In  one  series  of  the  CassidiilidcB — sometimes  spoken  of  as  the  Echino- 
nida— the  ambulacra  are  simple  and  linear,  and  the  mouth  is  central  or 


Fig.  262.— Hylioclypus sibberulus,  viewed  from  above,  from  one  side,  and  from  below. 

Jurassic. 

subcentral.  A  good  example  of  this  is  the  Jurassic  genus  Hyboclypus 
(fig.  262),  in  which  the  mouth  is  removed  towards  the  anterior  side  the 
anus  is  in  a  longitudinal  dorsal  valley,  and  ' 
the  apical  disc  is  elongated,  so  that  the  pos- 
terior two  ambulacra  become  disjoined  from 
the  anterior  three.  Other  examples  of  this 
group  are  the  Cretaceous  and  Eocene  genus 
Pyrina,  and  the  Miocene  and  Recent  genus 
Echinoneus.  In  another  group  of  the  Cas- 
sidtdidcu—someUmes  spoken  of  as  the  Ec/i- 
inoiampadcz— the  ambulacra  are  petaloid, 
and  are  generally  sunk  in  the  vicinity  of 
the  mouth  in  grooves  separated  by  the 
swollen  mterambulacra,  giving  rise  to  a 
penstomial  rosette  or  "  floscelle."  Some  of 
the  members  of  this  group  make  a  near  ap- 
proach to  the  preceding,  being  without  a  con- 
spicuous oral  rosette,  and  having  ambulacra 

separa^pVfn'^f'^'^^'^r-P?^^^°^^  5  ""^^  these  have  sometimes  been 

separated  to  form  a  d.stmct  group  {Echinobrissidce).    Of  the  many  forms 


Fig.  263. — Echinobrissus  cluiticti- 
/arts,  Jurassic,  viewed  from  above. 
(After  Wright.) 


388 


ECMINOZOA. 


included  in  this  group  the  genus  Echinobrissus  is  one  of  the  most  widely 
distributed,  species  of  the  genus  being  very  abundant  in  the  Jurassic 
rocks,  but  extending  also  into  the  Cretaceous.  In  this  genus  (fig.  263), 
the  test  is  concave  below,  and  the  anus  is  placed  in  a  dorsal  sulcus. 
Other  well-known  genera  are  Nucleolites  (Chalk  to  Recent),  Pygurus 
(Jurassic  and  Cretaceous),  Clypeiis  (Jurassic),  Pygaulus  (Cretaceous), 
Cassiduhis  (Cretaceous  and  Tertiary),  Echinanthis  (Cretaceous  and 
Tertiary),  and  the  Tertiary  and  Recent  Catopygus  and  Echinolainpas. 

Family  5.  Holasteridce. — This  family  comprises  ovoid  Urchins, 
with  simple  ambulacra,  and  a  generally  very  gibbous  test.  The 
apical  disc  is  usually  drawn  out  in  an  antero-posterior  direction,  the 
elongation  being  sometimes  so  great  that  the  two  posterior  ambulacra 


Fig.  zd^.—Collyrites  {Dysaster)  Eudesi,  viewed  from  above,  from  one  side,  and  from  below. 

Jurassic. 


are  widely  separated  from  the  three  anterior  ones  on  the  summit  of 
the  shell  (fig.  264).  The  peristome  is  excentric,  generally  oblique 
or  bilabiate ;  and  the  anus  is  inframarginal  or  marginal.  The  mem- 
bers of  this  family  are  mostly  Jurassic  and  Cretaceous,  but  a  number 
of  recent  forms  are  known  to  exist. 

In  one  group  of  this  family  (the  CollyritidcE  of  D'Orbigny,  or  the 
DvmsteridcE  of  other  writers),  the  apical  disc  is  greatly  elongated,  and 

the  narrow  ambulacral  areas  thus  become 
more  or  less  "disjunct,"  the  two  hinder 
ambulacra  meeting  superiorly  at  one  end 
of  the  disc,  while  the  three  anterior  ambu- 
lacra meet  at  the  other  end  of  the  same. 
The  principal  genus  of  this  group  is  Col- 
lyrites  itself  (figs.  264  and  265),  m  which 
the  test  is  oval  or  somewhat  heart-shaped, 
the  mouth  being  inferior  and  excentric,  and 
the  anus  being  supramarginal.  The  ele- 
ments of  the  apical  disc  are  detached  from 
one  another,  the  anterior  portion  contain- 
ing four  perforated  genital  plates  and  three 
ocular  plates,  while  the  posterior  portion, 
connected  with  the  preceding  by  a  narrow 
series  of  supernumerary  plates,  contains 
the  two  other  ocular  plates.  The  genus  is 
represented  by  numerous  species  in  the 
Jurassic  and  Cretaceous  rocks.  Closely 
allied  to  the  preceding,  and  with  a  similar  geological  range,  is  the  genus 
Dysaster. 


Fig.  265.— Upper  surface  of  the 
test  of  Collyriics  elliptica,  showing 
long  apical  disc  and  disjunct  ambu- 
lacra.   Jurassic.    (After  Zittel.) 
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Fig.  266. — Under  surface  of  the  test  of  Aiiati- 
chytes  ovata,  showing  the  position  of  the  mouth 
and  anus.    Jurassic.    (After  Forbes.) 


In  another  series  of  the  HolasteridcE — sometimes  spoken  of  as  the 
AnanchytidcB  or  Echinocoridce — the  apical  disc  may  be  either  elongated 
or  compact,  but  in  either  case  the 
five  ambulacra  all  meet  in  it. 
The  chief  genus  of  this  group 
is  Ananchytes  (fig.  266)  itself,  in 
which  the  test  is  ovate,  and  highly 
conve.x  above,  the  peristome  is  ad- 
vanced forwards  and  is  two-lipped, 
and  the  anus  is  inframarginal. 
The  species  of  this  genus  are 
confined  to  the  Chalk,  the  com- 
monest form  being  the  well- 
known  and  highly  variable  A. 
ovata.  The  genus  Holaster  is 
nearly  related  to  Ananchytes,  but 
the  test  is  sub-cordate,  the  apical 
disc  is  more  elongated,  and  the 
anus  is  marginal  or  supramar- 
ginal.  The  species  are  chiefly 
Cretaceous,  but  are  found  in  the 
Tertiary  deposits  in  Australia.  In 
Cardiaster,  again,  which  is  also 
Cretaceous,  there  is  the  addi- 
tional character  of  the  existence 
of  a  "  fasciole,"  which  passes  be- 
neath the  anus  and  is  continued 
on  the  sides  of  the  test.    As  will 

be  seen  immediately,  the  presence  of  "  fascicles  "—that  is  to  say,  of  cir- 
cuniscnbed  bands  of  microscopic  granules,  occupying  definite  areas  and 
positions  on  the  test — is  highly 
characteristic  of  the  Spatan- 
gidcE,  towards  which  Cardiaster 
thus  makes  an  approach. 


Family  6.  SpatangidcB. — In 
the  members  of  this  family — 
often  spoken  of  as  "Heart- 
urchins" — the  test  is  mark- 
edly bilateral,  and  is  usually 
conspicuously  heart  -  shaped 
(fig.  267).  The  mouth  is  ad- 
vanced far  forwards  on  the 
under  side,  and  the  anus  is 
supra-marginal,  and  is  placed 
in  the  posterior  interambu- 
lacrum.  The  ambulacra  are 
petaloid,  and  the  unpaired 
anterior  ambulacrum  always 
differs  more  or  less  from  the 

others,  being  usually  lodged  in  a  groove  or     ......    ^.,5.      , ,. 

The  mouth  is  typically  bilabiate,  but  is  in  some  cases  five-sided  3 


Fig.  267.- 


Upper  surface  o{ Micreistercoratiguinum. 
Cretaceous.    (After  Forbes.) 


sulcus  "  (fig.  267). 
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and,  as  in  the  preceding  two  families,  teeth  are  invariably  wanting. 
The  tubercles  of  the  test  are  mostly  small,  and  carry  hair-like 
spines ;  but  there  are  larger,  crenulated,  and  perforated  tubercles  for 
the  support  of  larger,  spines.  As  a  rule,  bands  of  microscopic  tuber- 
cles known  as  "fascioles"  (fig.  268)  are  present,  and  occupy  differ- 
ent positions  in  different  genera. 
Sometimes  the  "  fascicle "  sur- 
rounds the  ambulacral  rosette, 
when  it  is  said  to  be  "peripeta- 
lous  "  ;  sometimes  it  is  "  internal," 
surrounding  the  unpaired  ambu- 
lacrum ;  sometimes  it  surrounds 
the  sides,  and  is  said  to  be 
"  lateral "  ;  at  other  times  it  runs 
round  the  test,  and  is  termed 
"marginal";  and,  lastly,  it  may 
be  limited  to  the  base  of  the  anal  aperture,  when  it  is  termed 
"  sub-anal." 

Of  the  genera  of  Spatangidce  characterised  by  a  pentagonal  mouth,  the 
chief  is  Toxaster,  the  species  of  which  are  wholly  Cretaceous.  Of  the 
moi-e  normal  Heart-urchins,  with  a  bilabiate  mouth,  Micraster  {fig.  267) 
possesses  a  sub-anal  fasciole,  and  is  widely  distributed  in  the  Chalk,  the 
genus  being  also  represented  in  the  Tertiary  rocks  of  Australia.  Epiaster, 
likewise  found  in  the  Chalk,  has  no  sub-anal  fasciole,  but  is  otherwise 
similar  to  Micraster.  Hemiaster,  very  abundant  in  the  Cretaceous 
period,  but  also  represented  by  Tertiary  and  living  species,  has  a  peri- 
petalous  fasciole.  Lijithia  {Periaster)  has  both  a  peripetalous  and  a 
lateral  fasciole,  and  ranges  from  the  Chalk  to  the  present  day.  Gualteria 
and  Macropnenstcs  are  Eocene  types  ;  while  Schizaster,  BrissfiS,  Bris- 
sopsis,  Echinospatagus  {Amphidetus),  Eitpatagus,  and  Spatangiis  are 
well-known  Tertiary  and  Recent  genera. 


Fig.  268.  —  Gualteria  Orhignyana,  viewed 
both  from  above  and  below.  The  left-hand 
figure  shows  the  "fasciole"  cutting  the  ambu- 
lacral rosette.  Eocene. 
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CHAPTER  XXIV. 

ASTEROIDEA,  OPHIUROIDEA,  AND  HOLOTHUROIDEA. 
Class  II.  Asteroidea. 

The  class  Asteroidea  comprises  the  ordinary  Star-fishes,  and  is 
defined  by  the  following  characters:  The  body  (fig.  269)  is  star- 
shaped  or  pentagonal^  and  consists  of  a  central  body  or  "disc"  sur- 


Fig.  idrj.—Astrofecten  irregularis,  viewed  from  tlie  upper  surface  ;  m  Madreporite.  Recent. 

rounded  by  five  or  more  lobes  artns,"  or  rays"),  which  radiate 
from  the  body,  are  hollow,  and  contain  prolongations  of  the  viscera. 
The  body  is  not  enclosed  in  an  immovable  box,  as  in  the  Echinoidea, 
but  the  integument  {"perisome  ")  is  coriaceous,  atid  is  strengthened  by 
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irregular  calcareous  plates,  or  studded  by  calcareous  spines.  No  dental 
apparatus  is  present.  The  mouth  is  inferior,  afid  central  in  position; 
the  anus  either  absent  or  dorsal  The  ambulacral  tube-feet  are  pro- 
truded from  grooves  on  the  under  stirface  of  the  rays. 

In  their  form  the  Star-fishes  differ  considerably,  though  in  most 
the  figure  is  markedly  stellate.  The  animal  consists  of  a  central 
body  or  "disc,"  which  gives  off  radiating  processes  or  "arms,"  but 
the  size  of  the  disc  is  very  different  in  different  species,  and  the 
arms  vary  greatly  in  length  and  in  number.  In  many  living  and 
extinct  forms  the  "  disc  "  is  inconspicuous,  and  appears  to  be  formed 
simply  by  the  junction  of  the  bases  of  the  arms,  which  in  this  case 

are  normally  five  in  number.  The  living 
Asterias  and  Cribrellce,  and  the  extinct 
PalcEasters  (fig.  270),  may  be  taken  as 
examples  of  this  state  of  parts.  In  other 
forms,  as  in  the  Sun-stars  {Solaster)  and 
the  extinct  Lepidasters  and  JPlumasters, 
the  disc  is  very  broad,  exceeding  or 
equalling  the  length  of  the  arms  in  its 
diameter ;  whilst  the  rays  vary  in  number, 
from  eight  or  ten  up  to  thirty  or  more. 
In   the   Cushion  -  stars  (Goniaster  and 

Fig.  270. — Faiieaster  Ntagarensis,      ^      .    , .       ,  .         i        i      i  • 

Hall.  Ordovician.  Goniodtscus),  agam,  the   body  is  pen- 

tagonal, disc-shaped,  and  flattened  on 
the  two  sides,  and  the  arms  can  only  be  recognised  by  the  ambu- 
lacral grooves  on  the  lower  surface  (fig.  271). 

On  the  upper  surface  of  the  body,  placed  nearly  in  the  centre  of 
the  disc,  is  the  minute  aperture  of  the  anus,  when  this  is  present ; 
but  the  genera  Astropecte7i,  Ctenodiscus,  and  Luidia  are  destitute  of 
a  vent.  Also  on  the  upper  surface  is  the  "  madreporite  "  or  "  madre- 
poriform  tubercle,"  in  the  form  of  a  spongy  or  striated  disc  placed  at 
the  angle  of  junction  of  two  rays.  It  has  the  same  function  as  in 
the  Echinoids,  serving  to  protect  the  entrance  to  the  water-vascular 
system.  Ordinarily  there  is  a  single  madreporiform  tubercle,  but 
in  some  genera  there  are  two,  three,  or  more  tubercles ;  and  there 
seems  in  some  cases  to  be  a  correspondence  between  the  number 
of  the  arms  and  the  number  of  madreporic  plates. 

Placed  in  the  centre  of  the  lower  surface  is  the  mouth,  at  the 
angles  of  which  are  five  pairs  of  so-called  "oral  plates"  (fig.  271,  0), 
which  must  not  be  confounded  with  plates  similarly  named  in  the 
Crinoids;  but  there  are  no  teeth.  Deep  furrows,  known  as  the 
"  ambulacral  grooves,"  radiate  from  the  mouth,  one  along  the  under 
surface  of  each  of  the  arms,  gradually  narrowing  as  the  extremity  of 
the  latter  is  approached.  The  roof  of  each  groove  is  constituted  by 
a  double  row  of  minute  calcareous  pieces— the  "  ambulacral  ossicles  " 
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—which  are  movably  articulated  to  one  another  at  their  inner  ends. 
Running  in  the  roof  of  the  groove,  below  the  line  of  union  of  the 
two  rows  of  ambulacral  ossicles,  is  one  of  the  radiating  ambulacral 
vessels,  from  which  are  given  off  the  rows  of  suctorial  "  tube-feet." 

The  integumentary  skeleton  of  the  Asteroids  is  less  developed 
than  in  the  Echinoids,  and  has  the  form  of  innumerable  small 
calcareous  pieces,  or  "ossicles,"  united  together  so  as  to  form  a 
species  of  chain-armour.  The  os- 
sicles are  generally  united  with  one 
another  in  a  reticulated  manner, 
and  the  interspaces  between  them 
are  filled  by  the  coriaceous  integu- 
ment;' but  they  may  be  directly 
united  by  their  edges.  In  many 
genera  a  specially  developed  series 
of  ossicles  forms  a  row  of  plates, 
known  as  the  "  adambulacral 
plates"  (fig.  271,  b),  on  each  side 
of  the  ambulacral  furrows.  In 
many  genera,  also,  there  is  a  single 
or  double  row  of  large  plates,  known 
as  the  "marginal  plates"  (fig.  271, 
m),  round  the  margins  of  the  disc 
and  arms,  along  the  line  separating 
the  dorsal  and  ventral  surfaces. 

Spines  are  commonly  developed,  especially  along  the  margins  of 
the  ambulacral  grooves,  but  these  structures  are  in  no  case  movably 
articulated.  The  so-called  "  pedicellariae "  of  the  Asteroids,  as  in 
the  Echinoids,  may  be  regarded  as  peculiarly  modified  pincer-like 
spines ;  but  the  size  of  these  is  too  small  to  render  it  likely  that 
they  can  be  commonly  preserved  in  the  fossil  condition.  In  some 
genera  (as  in  Solas ter,  Luidia,  Ctenodtscus,  &c.),  there  are  large 
spines  the  summits  of  which  carry  bunches  or  tufts  of  minute  cal- 
careous processes,  and  which  are  known  as  "paxilte."  In  other 
cases,  as  in  Fentaceros,  there  are  very  much  thickened  spines,  which 
may  assume  considerable  dimensions.  It  is  not  improbable  that  the 
Ordovician  fossils  upon  which  the  genus  Bolboporites  has  been 
founded,  are  really  of  the  nature  of  dermal  spines  belonging  to 
some  Asteroid  like  Fentaceros. 

The  ambulacral  system  of  the  Asteroids  is  essentially  similar  in 
Its  arrangement  to  that  of  the  Echinoids.  The  external  opening  of 
the  water-vessels  is  always  placed  interradially,  between  the  two 
posterior  rays  (when  five  rays  are  present),  and  is  provided  with  a 
porous  "  madreporite,"  two,  three,  or  more  of  these  being  occasion- 
ally present.    The  madreporite  admits  the  water  to  the  short 


Fig.  271. — Diagram  of  a  Star-fish  {Goni- 
aster),  showing  the  under  surface,  with  the 
mouth  and  ambulacral  grooves.  «,  Ambula- 
cral ossicles,  with  the  ambulacral  pores  be- 
tween them ;  b,  Adambulacral  plates,  bound- 
ing the  ambulacral  grooves ;  ?«,  Marginal 
plates  (wanting  in  many  species) ;  Oral 
plates,  placed  at  the  angles  of  the  mouth. 
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sand-canal,"  which  opens  into  the  circular  vessel  surrounding  the 
gullet.  From  the  circular  canal  arise  radiating  ambulacral  vessels 
which  correspond  in  number  with  the  number  of  the  arms,  and 
which  are  lodged,  along  with  the  radiating  nerves,  in  deep  am- 
bulacral grooves "  on  the  under  surface  of  the  arms.  Each  radi- 
ating vessel  gives  off  two  or  four  rows  of  cylindrical  tube-feet  or 
"pedicels,"  the  ends  of  which  are  usually  sucker-like,  and  which  are 
used  in  locomotion.  The  tube-feet  are  protruded  by  means  of 
vesicles  or  "ampullae,"  which  spring  from  their  bases,  and  are  situ- 
ated superiorly  to  the  radiating  vessel.  As  compared  with  the 
Echinoids,  the  essential  peculiarity  of  the  ambulacral  system  is  that 
the  radiating  ambulacral  vessels  are  situated  externally,  and  are  not 
covered  over  by  a  calcified  integument.  There  are,  therefore,  no 
.  structures  in  the  Asteroids  which  can  be  compared  with  the  per- 
forated ambulacral  plates  of  the  Sea-urchins,  and  the  tube-feet  of 
the  former  do  not  pass  through  any  portion  of  the  integumentary 
skeleton  on  the  way  to  the  surface.  On  the  other  hand,  the  radi- 
ating ambulacral  vessels  of  the  Star-fishes  are  protected  by  an  inter- 
nal skeleton,  which  is  not  present  in  the  Echinoids,  or  which  is  only 
imperfectly  represented  in  some  types  of  the  latter  by  the  so-called 
"auriculae."     This  internal  skeleton  has  the  form  of  a  double 


Fig.  272. — Diagrammatic  section  of  the  ray  of  Asterias  miens,  a  a,  Ambulacral  ossicles ; 
6,  Position  of  the  ambulacral  vessel ;  c  c.  Plates  of  the  external  skeleton  ;  n,  Nerve-cord.  The 
dotted  lines  show  the  tube-feet  proceeding  from  the  ambulacral  vessel,  but  the  ampulla;  are  not 
represented. 


series  of  elongated  calcareous  plates,  the  so-called  "  ambulacral 
ossicles,"  which  form  the  roof  of  the  ambulacral  groove  on  the 
under  side  of  each  arm,  and  are  so  apposed  to  one  another  as  to 
form  a  kind  of  elongated  pent-house,  beneath  which  is  placed  the 
radiating  ambulacral  vessel  (fig.  272,  a  a).  The  ambulacral  ossicles 
on  the  one  side  of  the  ambulacral  groove  may  be  directly  apposed 
to  the  ossicles  of  the  corresponding  row  on  the  other  side  of  the 
groove  (as  in  the  typical  Star-fishes),  or  the  ossicles  of  the  one  row 
may  alternate  with  those  of  the  opposite  row  (as  in  the  ancient  group 
of  the  Encrinasterice).    In  either  case  the  ambulacral  ossicles  are 
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so  excavated  on  their  sides  as  to  give  rise  by  their  apposition  later- 
ally to  a  series  of  pores,  by  means  of  which  the  ampulla  communi- 
cate with  the  bases  of  the  tube-feet.  Hence,  the  ampulte  are 
situated  in  the  interior  of  the  arms,  superiorly  to  the  chain  of 
ambulacral  ossicles,  while  the  radiating  ambulacral  vessels  and 
tube-feet  are  placed  inferiorly  to  the  same. 

In  addition  to  these  ambulacral  vessels.  Star-fishes  possess  a  system 
of  respiratory  organs  which  are  known  as  the  dermal  branchi^  or 
"papuliE."  These  are  dehcate  csecal  processes  of  the  integument, 
the  cavities  of  which  are  in  direct  relationship  with  the  general 
body-cavity.  In  one  order  of  recent  Star-fishes  \Phanerogonia)  they 
are  restricted  to  the  dorsal  surface,  while  in  the  Cryptogonia  they  are 
distributed  over  the  whole  body. 

The  generative  organs  of  the  Asteroidea  are  situated  within  the 
"arms,"  above  the  chain  of  ambulacral  ossicles,  and  they  discharge 
their  products  by  means  of  minute  sieve-like  openings  in  the  angles 
between  the  arms,  the  size  of  these  apertures  being  too  small  to 
admit  of  their  recognition  in  a  fossil  condition. 

The  living  Asteroids  have  a  wide  range  in  space,  being  princi- 
pally shallow-water  forms,  but  extending  from  the  littoral  zone  to 
great  depths  in  the  sea.  As  regards  their  distribution  in  time,  the 
Star-fishes  are  a  group  of  great  antiquity,  the  earliest  members  of 
the  order  appearing  in  the  Ordovician  (Upper  Cambrian  ?)  strata. 
Most  of  the  Palaeozoic  types  are  peculiar,  but  the  recent  genus 
Astropeden  is  stated  to  occur  in  rocks  as  old  as  the  Devonian. 

As  regards  their  classification,  the  Asteroids  may  be  divided  into 
two  primary  groups,  or  sub-classes,  according  to  the  arrangement  of 
the  ambulacral  ossicles.  In  one  great  group  {Euasteroided),  the  two 
rows  of  ambulacral  ossicles  which  roof  over  each  ambulacral  furrow 
are  placed  opposite  to  each  other.  The  forms  of  this  group  are 
not  unrepresented  in  the  Palaeozoic  rocks,  but  they  are  principally 
characteristic  of  the  Secondary  and  Tertiary  deposits,  and  are  the 
only  types  now  in  existence.  On  the  other  hand,  most  of  the 
Paleozoic  Star-fishes  belong  to  the  series  of  the  Encrinasterice,  in 
which  the  two  rows  of  ambulacral  ossicles  in  each  arm  are  so  placed 
as  to  alternate  with  one  another.  No  form  belonging  to  this  group 
of  Star-fishes  appears  to  have  survived  the  Palaeozoic  period.  Owing 
to  their  rare  occurrence  as  fossils,  and  their  generally  imperfect  state 
of  preservation.  Star-fishes  are  not  of  special  interest  to  the  palteon- 
tological  student,  and  it  will  be  sufficient  here  to  briefly  indicate 
the  chief  characters  of  some  of  the  more  important  of  the  known 
fossil  forms. 

The  section  of  the  Encrinasterice,  in  which  the  ambulacral  ossicles 
are  alternately  placed,  is,  as  above  remarked,  exclusively  Palaeozoic, 
and  the  widely  distributed  genus  Palceaster  may  be  taken  as  its 
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central  type.  In  this  genus  (fig.  273)  the  body  is  five-armed,  the 
disc  being  very  small  j  and  the  ambulacral  grooves  on  the  under 
side  of  the  arms  are  furnished  with  two  rows  of  alternately  placed 
ambulacral  ossicles,  bounded  on  each  side  by  a  row  of  "  adambu- 
lacral  plates,"  which  are,  in  turn,  bordered  by  a  series  of  large  "  mar- 


Fig.  zTi.—Palieaster  eucharis,  Devonian  (after  Hall).  A,  Under  side  of  a  specimen,  four  of  the 
arms  being  cut  short ;  B,  Upper  side  of  the  same,  a,  Ambulacral  ossicles,  lying  in  the  ambulacral 
grooves;  b,  Adambulacral  plates;  z«,  Marginal  plates;  o,  One  of  the  oral  plates;  t,  Madrepori- 
form  tubercle. 

ginal"  plates.  On  the  dorsal  surface  are  three  or  more  rows  of 
plates  which  are  united  by  intermediate  ossicles,  and  do  not  appear 
to  be  separated  by  intervening  pores.  The  genus  Palaaster  com- 
prises some  species  of  considerable  size,  and  ranges  from  the  Ordo- 
vician  to  the  Carboniferous.     The  Ordovician  genus  Urasterella 


Fig.  274. — A,  Palasterina prinKeva,  Silurian;  B,  Palaaster Ruthvcni,  Silurian; 
c,  Palceocoma  Colvini,  Silurian.    (After  Salter.) 


(  =  Stenaster)  is  in  many  respects  like  Falceaster,  but  the  ambulacral 
grooves  are  bordered  by  a  row  of  adambulacral  plates,  without  a 
second  row  of  marginal  plates.  Petraster^  also  Ordovician,  has  an 
incomplete  series  of  disc-plates  between  the  adambulacral  and  mar- 
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ginal  rows  of  plates,  but  is  doubtfully  separable  from  Palmaster  ; 
while  the  Ordovician  and  Silurian  Palasterina  (fig.  274,  a)  has  the 
disc  still  more  extensively  developed,  and  is  further  distmguished  by 
the  fact  that  the  plates  of  the  adambulacral  series  which  are  placed 
at  the  angles  of  the  oral  aperture  are  large  and  triangular.  The 
Silurian  genus  Palaodiscus,  again,  has  a  discoid  form,  the  body  bemg 
pentagonal,  without  distinct  arms,  and  the  mouth  being  furnished 
with  five  pairs  of  triangular  oral  plates.  Lastly,  the  Silurian  genus 
Palaocoma  (fig.  274,  c)  is  an  aberrant  form  of  this  group,  with  slightly 
prominent  arms,  laterally  bordered  by  long  spines,  the  intervals 
between  which  are  filled  up  by  a  netted  membrane. 

In  the  Devonian  rocks,  various  forms  of  the  EncrinastericR  have 
been  detected,  the  chief  genus  in  this  formation  being  Aspidosoma, ' 
in  which  the  disc  is  of  large  size,  with  five  small  arms,  and  the 
structural  characters  are  in  many  respects  peculiar.  Thus,  the  arms 
are  covered  superiorly  with  two  or  four  rows  of  closely  apposed 
plates,  which  are  continued  over  the  disc,  leaving  a  central  star- 
shaped  space  apparently  covered  only  by  a  leathery  skin ;  while  the 
madreporite  is  stated  to  be  placed  interradially  on  the  under  side 
near  the  mouth.  The  known  species  of  this  singular  genus  are 
found  in  the  Devonian  rocks  of  Germany.  Helianthaster,  of  the 
Devonian  rocks  of  Germany  and  Britain,  is  imperfectly  known,  and 
may  possibly  be  an  Ophiuroid.  It  has  a  large  disc,  and  from  four- 
teen to  sixteen  arms. 

I  The  sub-class  of  the  Euasteroidea  is  distinguished  from  the  pre- 
ceding by  the  fact  that  the  pairs  of  ambulacra!  ossicles  are  placed 
opposite  to  each  other,  and  are  directly  united  by  their  inner  ends. 
The  members  of  this  group  appear  in  rocks  as  ancient  as  the  De- 
vonian, while  all  the  Mesozoic,  Kainozoic,  and  Recent  Star-fishes 
are  referable  to  this  series. 

The  following  classification  of  the  Euasteroidea  has  recently  been  pro- 
posed by  Sladen,  some  of  the  less  important  families  being  omitted  : — 

Order  I.  Phanerogonia. — Marginal  plates  large  and  well  devel- 
oped ;  papulae  restricted  to  the  dorsal  surface.  Ambulacral  plates  well 
spaced  ;  tube-feet  in  two  rows. 

Families. — Porcellanasteridae  {Porcellanaster,  Cienodiscus),  Astropect- 
inidse  {Astropecten,  Luidia),  Pentagonasteridee  {Astrogoniicm,  Stellaster, 
Goniodiscus),  Antheneidse  {Goniaster),  Pentacerotidae  {Pentaceros). 

Order  II.  Cryptogonia. — Marginal  plates  inconspicuous;  papula; 
distributed  over  the  whole  body.  Ambulacral  plates  crowded  and  narrow ; 
tube-feet  in  two  or  four  rows. 

Families. — Solasteridae  {Solasier,  Crossaster),  Pterasteridte  {Pteraster, 
Hymenaster),  Echinasteridas  {Echinaster,  Cribrella),  Asteriidse  {Asterias), 
Brisingidse  (Brisingd). 


The  forms  of  the  Euasteroidea  which  have  been  detected  in  the 
Devonian  rocks  belong  mostly  to  extinct  genera  {Xenaster,  Eoluidia, 
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and  Falastropecten),  but  the  still  existing  genus  Astropeden  {Asterias 
of  many  authors)  is  represented  by  a  single  species  (Stiirtz),  and 
the  same  genus  is  said  to  occur  in  the  Carboniferous  rocks.  If  some 
doubt  attaches  to  the  Palaeozoic  forms  which  have  been  referred  to 
Astropeden,  unquestionable  remains  of  species  of  this  genus  occur  in 
the  Mesozoic  and  Tertiary  rocks,  the  earliest  appearing  in  the  Lias. 
The  genus  belongs  to  the  group  of  Star-fishes  {Phanerogonia)  in 
which  the  tube-feet  are  in  two  rows  and  the  "  papulae  "  confined  to 
the  dorsal  surface,  and  is  recognised  by  its  five-rayed  form,  and 
flattened  disc  and  arms,  the  edges  of  which  carry  a  double  row  of 
large  "marginal  plates"  (figs.  269  and  275).    The  lower  of  the  two 


Fig.  275. — Under  surface  o'i  Astropectcn  Phillipsii,  of  the  natural  size. 
Jurassic.    (After  Wright.) 

rows  of  marginal  plates  is  furnished  with  spines,  and  the  whole 
of  the  upper  surface  is  covered  with  tubercles  crowned  by  groups 
of  minute  prickles. 

Other  genera  of  Phanerogonia  which  are  abundantly  represented 
in  the  Jurassic,  Cretaceous,  and  Tertiary  rocks,  and  which  still  sur- 
vive, are  Goniaster,  Astrogonium,  Goniodiscus,  and  Stellaster.  The 
first-named  genus  comprises  the  so-called  "Cushion-stars,"  and  is 
characterised  by  the  fact  that  the  body  has  the  form  of  a  pentagonal 
disc  (fig.  271),  in  which  the  arms  are  principally  recognisable  by  the 
presence  of  the  ambulacral  furrows  on  the  inferior  surface.  The 
disc  is  bordered  by  a  double  row  of  large  "  marginal  plates,"  and 
the  upper  and  lower  surfaces  are  covered  with  small,  four-sided  or 
polygonal  plates.  Besides  the  above,  the  existing  genera  Pejitaceros 
{Oreaster)  and  Luidia  appear  in  the  Jurassic,  though  the  occur- 
rence of  the  latter  is  not  certainly  established.    Among  the  Crypto- 
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<ronia  the  recent  genus  Solasier,  comprising  the  famihar  Sun-stars, 
is  represented  by  a  single  known  Jurassic  species,  and  is  easily  re- 
cognised by  its  wide  disc  and  short  arms,  and  by  the  fact  tha  the 
dorsal  integument  is  studded  at  intervals  with  prominent  paxillte. 
Another  still  living  genus,  which  is  known  to  have  existed  in  rocks 
as  old  as  the  Lias,  is  Asterias  (or  Uraster  of  many  authors).  Ihis 
familiar  genus  belongs  to  the  group  of  Star-fishes  in  which  the  am- 
bulacral  tube-feet  are  in  four  rows,  and  is  the  only  form  of  this 
oroup  which  has  hitherto  been  found  fossil.  The  disc  is  small,  and 
the  arms  are  long,  and  are  variable  in  number,  while  the  dorsal 
integument  is  hardened  by  netted  ossicles,  many  of  which  are 
developed  into  projecting  tubercles  or  blunt  spines.  The  extinct 
genera  of  Mesozoic  Star -fishes,  such  as  the  Jurassic  Plumaster 
and  Tropidaster,  do  not  exhibit  any  special  peculiarities  demanding 
notice  here. 

Class  III.  Ophiuroidea. 

The  class  of  the  Ophiuroidea  comprises  the  small  but  familiar 
^roup  of  the  "  Brittle-stars  "  and  "  Sand-stars,"  and  is  characterised 
by  the  fact  that  the  body  is  stellate,  consisting  of  a  central  " disc"  in 
ivhich  the  viscera  are  contained,  and  of  elongated  "  arms,"  which  are 
sharply  separated  from  the  disc,  do  not  contain  prolongations  .  of  the 
alimentary  canal,  and  are  not  furnished  inferiorly  ivith  open  ambu- 
lacral  grooves. 

The  body  in  the  Ophiuroids  always  has  the  form  of  a  rounded 
or  pentagonal  disc  (fig.  276),  and  carries  long  slender  arms,  which 
are  typically  simple,  though  they  are  branched  in  many  of  the  Eury- 
alids,  and  which  are  essentially  employed  as  locomotive  and  prehen- 
sile organs.  The  arms  do  not  contain  diverticula  from  the  alimentary 
canal,  but  they  lodge  the  radiating  ambulacral  vessels  and  nerve- 
cords,  these  structures  not  being  situated  in  open  "ambulacral 
grooves,"  as  in  the  Asteroids,  but  being  covered  in  by  the  coriace- 
ous or  plated  integument.  On  the  under  side  of  the  body,  in  the 
centre  of  the  disc,  is  seen  the  stellate  opening  of  the  mouth  (fig. 
276,  c) ;  and  the  reproductive  organs  open  also  on  the  under  side 
by  ten  fissures  or  slits,  a  pair  of  these  being  situated  at  the  base  of 
each  of  the  five  arms.  Owing  to  the  absence  of  an  anus,  there  is 
no  aperture  on  the  upper  surface  of  the  body. 

With  regard  to  the  integumentary  skeleton  of  the  Brittle-stars,  it 
is  impossible  to  enter  here  into  the  interesting  features  shown  in  the 
embryonic  condition  of  certain  Ophiuroids,  at  which  stage  it  can  be 
shown  that  the  exoskeleton  of  the  dorsal  surface  is  in  many  respects 
homologous  with  the  apical  disc  of  the  Echinoids  and  the  calyx  of 
the  Crinoids.  In  the  adult  condition,  the  integumentary. skeleton 
of  the  Ophiuroids  is  of  a  very  complicated  character.;; but  the  im- 
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portance  of  the  group  from  a  palseontological  point  of  view  is  not 
sufficient  to  justify  its  being  treated  of  here  except  as  regards  its 
general  features.  The  upper  surface  of  the  disc  of  an  Ophiuroid 
is  covered  throughout  with  calcareous  plates,  scales,  or  granules. 
A  large  central  plate  ("  dorsocentral ")  is  sometimes  recognisable, 
and  a  pair  of  large  plates  ("  radial  shields  ")  is  usually  developed  on 
the  dorsal  aspect  of  the  disc  at  the  point  of  origin  of  each  of  the 


Fig.  276.-Ophiuroidea.    Ophioglypha  lacertosa.    A,  Outline,  of  the  natural  size  ; 
viewfd  from  above,  twice  the  naturil  size ;  c,  The  disc  viewed  from  below,  showing  the  mouth 
and  genital  fissures,  twice  the  natural  size.  (Original.) 

five  arms  (fig.  276,  b).  On  the  under  side  of  the  disc  the  arms, 
with  their  ventral  rows  of  plates,  are  continued  to  the  mouth,  but 
the  spaces  between  the  arms  (" interbrachial  areas")  are  covered 
with  plates,  scales,  or  minute  tubercles  of  lime  (fig.  276,  c).  The 
stellate  aperture  of  the  mouth  is  bordered  with  a  system  of  pensto- 
mial  ossicles,  some  of  which  act  as  teeth ;  while  at  its  angles,  one  in 
each  interbrachial  space,  are  situated  five  large  « mouth-shields 
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(fig.  276,  c),  which  are  homologous  with  the  "oral  plates"  of  the 
Crlnoids.  In  the  majority  of  the  Brittle-stars  one  (or  more)  of  the 
oral  plates  is  enlarged,  and  represents  in  function  the  "  madreporite  " 
of  the  Star-fishes. 

The  arms  are,  typically,  protected  by  four  rows  of  calcareous 
plates,  one  dorsal,  one  ventral,  and  two  lateral  (fig.  277).  The 
lateral,  or  "adambulacral,"  plates  carry  rows  of  spines,  and  not  only 
cover  the  sides  of  the  arm,  but  also  encroach  upon  the  inferior  sur- 
face. The  ventral  shields  ("  superambulacral  plates  ")  are  so  related 
to  the  lateral  plates,  that  a  pair  of  pores  is 
formed  on  each  side  of  each  of  the  former, 
by  means  of  which  the  tube-feet  gain  the 
exterior.  In  the  Euryalids,  the  arms  are 
covered  with  a  leathery  skin,  containing 
minute  granules  and  scales. 

In  addition  to  the  proper  integumentary 
skeleton,  the  Ophiuroids  possess  an  internal 
or  ambulacral  skeleton,  consisting  of  a  linear 
series  of  large  calcareous  discs  or  "vertebral 
ossicles,"  which  occupy  the  greater  part  of 
the  interior  of  each  arm,  and  are  grooved 
inferiorly  for  the  reception  of  the  ambulacral 
vessel  and  radial  nerve  (fig.  277).  These 
discs  correspond  with  the  "ambulacral  ossi- 
cles "  of  the  Star-fishes,  but  the  ossicles  of 
each  pair  are  anchylosed  with  one  another. 
Successive  vertebral  discs  are  movably  arti- 
culated with  one  another,  and  the  entire 
series  is  largely  supplied  with  muscles.  The 
first  two  pairs  of  ambulacral  ossicles  in  each  series  have  their  lateral 
elements  disjunct,  instead  of  being  fused  in  the  middle  line,  the 
pieces  of  the  first  pair  taking  part  in  the  formation  of  the  calcified 
peristome,  and  thus  becoming  connected  with  the  armature  of  the 
mouth. 

The  ambulacral  system  of  the  Ophiuroids  is  constructed  upon 
essentially  the  same  type  as  in  the  Asteroids  and  Echinoids,  but  its 
place  as  a  locomotive  apparatus  is  taken  by  the  arms,  the  tube-feet 
bemg  tentacle-like,  without  terminal  suckers,  and  with  no  specially 
developed  "ampullae."  The  special  pecuh  arity  of  the  ambulacral 
system  in  the  Ophiuroids,  as  compared  with  that  of  the  Asteroids,  is 
that  the  grooves  on  the  under  side  of  the  row  of  ambulacral  ossicles, 
m  which  lie  the  radiating  ambulacral  vessels,  are  not  open,  as  they 
are  m  the  latter,  but  are  closed  in  by  the  passage  over  them  of  the 
integument.  Another  peculiar  feature,  in  all  except  the  extinct 
-Protophiurida,  is  the  position  of  the  "  madreporite  "  on  the  inferior 
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F!g.  277. — Diagram  of  the 
cross-section  of  the  arm  of  an 
Ophiuroid  (slightly  altered 
from  Sladen).  ao,  Ambulacral 
ossicle,  immovably  united  with 
the  corresponding  ossicle  of  the 
opposite  side  ;  ti,  Superior 
plate  of  the  arm ;  j,  Lateral 
plate ;  I,  Inferior  plate ;  h, 
Radial  nerve-cord  ;  b,  Radiat- 
ing blood-vessel ;  w.  Radiating 
ambulacral  vessel ;  t,  Tube- 
foot  ;  a,  Ampulla. 
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surface  of  the  body  and  its  connection  with  the  oral  plates,  with  one 
of  which  it  is  generally  confluent. 

As  regards  the  digestive  system,  the  Ophiuroids  differ  from  the 
majority  of  the  Asteroids  in  the  fact  that  the  alimentary  canal  ter- 
minates blindly,  and  there  is,  therefore,  no  anal  aperture  upon  the 
dorsal  surface  of  the  disc. 

Lastly,  as  regards  the  reproductive  system,  the  generative  glands 
in  the  Ophiuroids  are  placed  interradially,  and  their  ducts  open  into 
singular  folded  pouches  or  "  bursse,"  which  in  turn  communicate 
with  the.  exterior  by  means  of  sht-like  openings  (the  "genital 
fissures  "),  which  are  placed,  singly,  or  rarely  in  pairs,  on  the  sides 
of  the  arms  inferiorly,  at  their  junction  with  the  disc  (fig.  276,  c). 
Calcareous  plates  are  sometimes  developed  in  the  walls  of  these  bur- 
see,  and  currents  of  sea-water  flow  in  and  out  of  the  genital  fissures. 
It  is  probable,  therefore,  that  these  "genital  bursee"  are  partly  res- 
piratory in  function,  and  that  they  correspond  with  the  so-called 
"  hydrospires  "  of  the  Cystoids  and  Blastoids. 

The  living  Ophiuroids  are  all  inhabitants  of  the  sea,  and  the 
marine  deposits  of  almost  all  the  great  geological  periods  have 
yielded  examples  of  the  group,  the  oldest  known  forms  occurring  in 
Ordovician  strata.  Most  of  the  remains  of  Ophiuroids,  and  par- 
ticularly those  of  the  more  ancient  formations,  are,  however,  more 
or  less  imperfect,  while  fossils  of  this  group  are,  as  a  rule,  exceedingly 
rare.  It  will  be  sufficient  here,  therefore,  to  deal  with  the  fossil 
forms  of  Ophiuroids  very  briefly. 

The  existing  Ophiuroids  fall  naturally  into  two  sections — the 
Euryalida  and  Ophiurida—t\y&  characters  of  which  are  sufficiently 

distinct.  In  the  Euryalida,  the  arms  may 
be  simple,  but  are  more  usually  branched, 
and  in  either  case  their  integument  is 
leathery,  the  arms  being  devoid  of  the  rows 
of  plates  so  characteristic  of  the  typical 
Brittle-stars.  The  type  of  this  group  is 
the  genus  Astrophyton  {Euryak),  com- 
prising the  well-known  "Medusa -head 
Stars,"  characterised  by  their  much- 
branched  arms.  The  only  two  extinct 
genera  which  appear  to  be  referable  to  the 
^  .,.  Euryalida  are  Eucladia  and  Otiy chaster. 
The  former  of  these  is  found  in  the  Silu- 
iTor^^'t  'cLbrferouMinT:  rian  rocks  of  Britain,  and  is  characterised 
stone  of  Indiana.,  (After  Meek  ,         posscssion  of  a  granulated  disc  and 

and  Worthen— copied  from  Zittel.;    t-"/  >•  ^  r  °  n^,, 

and  wortne      p  bifurcatmg  arms.    Ihe  genus  Ony- 

chasteri^?,  278)  is  based  upon  forms  found  in  the  Carboniferous 
Limestone  of  North  America,  and  is  characterised  by  the  possession 
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of  a  small  disc,  and  of  five  simple  round  arms,  which  are  covered 
with  a  granulated  integument,  and  carry  spines  on  their  ventral 
aspect.  As  in  the  living  Euryalids,  the  arms  could  be  rolled  up 
towards  their  ventral  side  at  their  tips. 

The  second  section  of  the  living  Ophiuroids — that  of  the  Ophiu- 
rida — comprises  the  typical  forms  of  the  order,  and  is  characterised 
by  the  fact  that  the  arms  are  always  simple  and  are  protected  by  four 
rows  of  integumentary  plates  (fig.  279).    The  integument  of  the  disc 


Fig.  279.— Under  surface  of  Ophioderma  {Oihioglypha  ?)  Gaveyi,  of  the  natural  size. 
Jurassic  (Lias).    (After  Wright.) 

is  soft,  or  is  covered  with  granules  or  plates  of  carbonate  of  lime. 
The  earliest  types  of  this  group  appear  in  the  Lower  Devonian 
{Ophiurella  primigenia,  Stiirtz) ;  and  numerous  forms  are  found  in 
the  Secondary  and  Tertiary  rocks.  A  well-known  Triassic  genus  is 
Aspidura  {  =  Acroura),  the  remains  of  which  are  widely  distributed 
m  the  Muschelkalk  (fig.  280).  The  Jurassic  Ophiuroids  belong 
principally  to  the  genera  Ophioderma  (fig.  279),  Ophiog/ypha,  and 
(^ocoma,  of  which  the  last  is  peculiar  to  the  Jurassic  rocks,  while 
the  two  former  are  represented  in  the  Cretaceous  and  Tertiary  rocks, 
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and  survive  at  the  present  day.  The  recent  genus  Ophiolepis  is  found 
in  the  Pleistocene,  and  possibly  occurs  in  Tertiary  deposits  also. 

Finally,  there  are  various  Palseozoic  Ophiuroids  which  cannot 
be  included  in  either  of  the  preceding  sections,  and  which  may  be 


Fig.  ■zZo.—Asfidtira  loricata.  Muschelkalk. 

provisionally  placed  in  a  special  division  (Protophiurida),  though 
their  characters  are  not  completely  understood.  All  the  forms  here 
in  question  agree  with  the  typical  Ophiurids  in  having  five  snnple 
plated  arms,  but  the  "  madreporite  "  is  placed  on  the  dorsal  aspect 
of  the  body,  and  the  under  surface  of  the  arms  exhibits  a  double. 


Fi^  281.-A,  Outline  of  Engaster  Logani,  of  the  natural  sue-Devonlan. 
of  Ae  same  viewed  front  below,  enlarged.,  c,  puthne  of  ^..^^^^^^^^^^^ 

&.;V^^:^  tr^^^^:-^-  (supera^bulacra,, 

plates  ;  b,  Adambulacral  plates  ;  /,  Pore.    (After  Hall.) 

in  place  of  a  single,  row  of  plates  (fig.  281,  b).  Two  views  may  be 
held  as  to  the  nature  of  the  double  (or  sometuiies  quadruple)  rov. 
of  plates  exhibited  on  the  under  side  of  the  arms  of  the  Protophm- 
rTds    On  one  view,  these  plates  are  considered  as  being  integument- 
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ary,  and  as  corresponding  with  the  ventral  shields  ("  superambula- 
crai  plates  ")  of  the  normal  Ophiuroids,  their  special  peculiarity  on 
this  theory  of  their  nature  being  their  duplication.  On  the  other 
hand,  it  may  be  held  that  the  ventral  or  superambulacral  plates  of 
the  ordinary  Brittle-Stars  are  not  developed  at  all  in  the  ancient 
types  in  question,  and  that  the  double  row  of  plates  above  alluded 
to  are  really  the  "  ambulacral  ossicles  "  or  "  vertebral  discs,"  which 
would,  on  this  view,  differ  from  the  corresponding  structures  in  the 
normal  Ophiuroids  by  being  separate,  instead  of  being  anchylosed 
in  pairs.  If  this  latter  view  be  correct,  the  Protophiurids  may  have 
either  had  open  ambulacral  grooves,  as  in  the  Asteroids,  or  the 
under  side  of  the  arms  may  have  been  closed  by  soft  skin,  as  in  the 
Euryalids.  Whichever  of  these  two  views  is  the  correct  one,  the 
plates  of  the  double  ventral  row  of  the  Protophiurids  may  either  be 
placed  opposite  one  another,  or  they  may  alternate,  and  they  are 
also  so  disposed  as  to  give  origin  to  a  double  series  of  pores. 

Of  the  genera  of  Protophiurids,  Protaster  (fig.  282)  is  found  in 
the  Ordovician  and  Silurian  rocks,  and  is  characterised  by  its  round 
scaly  disc,  and  by  the  fact 
that  the  arms  are  provided 
inferiorly  with  a  double  row 
of  plates,  and  carry  bunches 
of  lateral  spines  (fig.  282,  b). 
In  the  Devonian  genus  Eu- 
gaster  (fig.  281,  a)  the  gen- 
eral structure  is  very  similar 
to  that  of  Protaster,  but  the 
disc  is  prolonged  along  the 
bases  of  the  arms,  and  the 
plates  of  the  disc  are  articu- 
lated by  their  edges,  and  do 
not  overlap.  The  under  side 
of  the  arms  (fig.  281,  b)  ex- 
hibits a  double  row  of  alter- 
nating plates,  and  lateral 
spines  appear  to  have  been 
wanting.  In  the  genus 
Ptilonaster,  again,  the  arms 
exhibit  on  their  under  surface 
four  rows  of  plates  and  a 
double  row  of  pores.  This 
genus  is  also  Devonian. 
Lastly,  the  genus  Tceniaster, 
from  the  Ordovician  rocks  of  Canada,  is  in  many  respects  like 
Protaster,  but  the  two  rows  of  plates  which  occupy  the  under  sur- 


Fig.  282. — Protaster  Scdgwickii.  Silurian.  A, 
Disc  and  bases  of  the  arms,  magnified  ;  D,  Portion 
of  an  arm,  greatly  enlarged.    (After  Salter.) 
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face  of  the  arms  have  the  pecuHarity  that  each  is  constricted  in 
the  middle,  a  feature  which  would  rather  lead  to  the  belief  that 
these  plates  are  truly  of  the  nature  of  "  ambulacral  ossicles." 


Class  IV.  Holothuroidea. 

The  class  of  the  Holothuroidea  includes  the  animals  usually 
known  as  "  Sea-cucumbers,"  distinguished  from  the  other  Echino- 
derms  by  their  elongated,  vermiform,  or  slug-like  form,  and  their 
leathery  muscular  integuments.  The  mouth  and  anus  are  usually 
terminal  in  position,  and  the  radial  symmetry  of  the  body  is  not 
conspicuously  shown  externally  except  by  the  crown  of  oral  ten- 
tacles, and,  often,  by  the  bands  of  tube-feet.  Pal^ontologically 
speaking,  the  Holothurians  are  of  little  importance,  since  they 
possess  few  structures  which  are  capable  of  preservation  in  a  fossil 
condition.  Unlike  the  other  Echinoderms,  the  Holothurians  ex- 
hibit a  very  limited  tendency  to  a  calcification  of  their  tissues.  No 
proper  "  test,"  in  fact,  exists  in  any  Holothurian,  but  the  skin  con- 
tains numerous  isolated,  mostly  microscopic  bodies,  of  special 
forms  in  different  types.  These  calcareous  structures  (fig.  283) 
may  be  globular,  wheel-shaped,  spicular,  anchor-shaped,  &c.,  and 


283.— Integumentary  ossicles  of  recent  and  fossil  Holothurians.  a,  A  plate  Achistrum 
Nicholsoni,  enlarged  forty-five  times,  from  the  Carboniferous  rocks  of  Scotland  ;  *  Hooklet  ol 
^he  same  similarly  enlarged;  c.  Anchor  and  anchor-plate  of  a  recent  spec.es  of  en- 
argeTrf,  Plate  of  C/urodo  ai  Traquairii,  enlarged  forty-five  times,  from  the  Carboniferous 
rocks  of  Scotland  ;  e,  Plate  of  the  recent  Thyonidiuv.  J>cUucidum,  enlarged.  (After  R.  Ethendge, 
jun.) 

in  rare  cases  (as  in  Psolus)  have  the  form  of  comparatively  large 
imbricated  scales,  which  constitute  a  kind  of  external  shell.  When- 
ever the  integumentary  calcifications  are  plate-like,  they  exhibit 
under  the  microscope  the  peculiar  netted  structure  which  is  char- 
acteristic of  the  Echinodermal  test.  In  addition  to  the  integument- 
ary hard  structures,  there  exists  a  ring  of  calcareous  pieces  sur- 
rounding the  mouth,  and  serving  for  the  attachment  of  five  great 
longitudinal  muscles.  .  ,    •  1 

Owing  to  their  want  of  hard  structures  of  any  size,  the  geological 
history  of  the  Holothurians  is  necessarily  a  very  imperfect  one,  being 
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based  only  on  the  occasional  recognition  of  the  microscopic  plates  or 
spicules  of  the  integumentary  skeleton.  The  oldest  remains  which 
can  be  certainly  affirmed  to  be  those  of  Holothurians  are  the  micro- 
scopic plates  and  spicules  described  by  Mr  R.  Etheridge,  jun.,  as 
occurring  in  the  Carboniferous  rocks  of  Scotland.  Some  of  these 
have  the  form  of  rounded,  perforated  calcareous  plates,  about  ^  inch 
in  diameter,  associated  with  simple  calcareous  hooks  or  one-fluked 
anchors,  the  shaft  of  the  anchor  having  a  perforation  or  "  eye  "  at 
its  base  (fig.  283,  a  and  b).  These  plates  and  booklets  have  been 
referred  to  a  special  genus  under  the  name  of  Achistrum  ;  and  they 
may  be  compared  with  the  anchors  and  anchor-plates  of  the  living 
genus  Synapta  (fig.  283,  c).  Others  have  the  form  of  circular, 
generally  concavo-convex,  wheel-like  plates,  about  inch  in  diam- 
eter, with  a  group  of  central  pores  and  a  series  of  marginal  perfora- 
tions (fig.  283,  d).  These  resemble  the  wheel-shaped  integumentary 
plates  of  such  living  types  as  Thyonidium  (fig.  283,  e)  or  Chirodota, 
and  they  may  be  provisionally  placed  in  the  latter  genus. 

It  is  probable  that  investigations  conducted  with  sufficient  care 
will  ultimately  show  that  the  minute  plates  and  spicules  of  Holo- 
thurians have  been  more  generally  preserved  in  the  fossil  condition 
than  has  been  usually  assumed  to  be  the  case.  In  the  meanwhile, 
with  the  exception  of  the  remains  above  noted,  no  undoubted  traces 
of  the  former  existence  of  Holothurians  have  been  found  until  the 
Jurassic  rocks  are  reached.  Here,  the  occurrence  of  minute  wheel- 
like plates,  resembling  the  "  wheels "  of  the  recent  Chirodota  has 
been  recorded.  Pocta  has  described  plates  of  Psolus  from  the 
Chalk  of  Bohemia,  and  Schlumberger  has  recently  found  the 
characteristic  armature  of  Synapta,  Chirodota,  and  Thyonidium  in 
the  Middle  Eocene  of  the  Paris  basin ;  while  Chirodota  occurs  in 
the  Pliocene  of  Northern  Italy,  and  plates  belonging  to  Psolus  have 
been  found  in  Post-tertiary  deposits  in  Bute. 
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CHAPTER  XXV. 

DIVISION  B.  PELMATOZOA. 

The  three  groups  of  Echinoderms  known  as  the  Crinoids,  Cystoids, 
and  Blastoids  agree  with  one  another  in  certain  common  characters, 
and  may  be  included  in  a  single  primary  section  termed  Pelmatozoa. 
In  all  these  forms  the  body  is  fixed,  either  temporarily  or  perman- 
ently, by  the  dorsal  surface,  often  having  a  jointed  stem  or  peduncle ; 
and  the  mouth  is  placed  on  the  opposite  side  of  the  body.  In  its 
fully  developed  condition,  the  peduncle  has  the  form  of  a  jointed 
stem,  containing  a  neuro-vascular  axis  in  its  interior.  The  body 
itself  is  enclosed  in  a  variously  modified  series  of  calcareous  plates, 
which  represent  the  apical  disc  of  the  Echinoids,  and  the  upper 
surface  may  be  provided  with  jointed  appendages  (the  "  arms "). 
The  circular  ambulacral  vessel  has  no  direct  communication  with  the 
exterior,  or  only  a  limited  one,  and  the  radiating  ambulacral  vessels 
(when  present)  are  respiratory  in  function,  and  are  not  subservient  to 
locomotion. 

Class  I.  Crinoidea. 

The  Crinoids  or  "  Sea-liHes  "  may  be  defined  as  Echinoderms  in 
which  the  body  is  fixed,  during  the  whole  or  a  portion  of  the  existence 
of  the  animal,  to  the  sea-bottom  by  meajis  of  a  jointed,  flexible  stalk  or 
pedtmcle,  ivhich  springs  frojn  the  centre  of  the  dorsal  or  aboral  surface. 
The  body  is  cup-shaped  or  discoidal,  and  its  dorsal  surface  is  protected 
by  a  system  of  calcareous  plates.  The  mouth  is  situated  on  the  upper 
surface,  generally  in  the  centre.  From  the  margin  of  the  aip-shaped 
body  spring  jointed  flexible  appendages  or  "  arms,"  which  are  primi- 
tively five  in  number,  and  which  carry  lateral  jointed  processes  or 
" pinnules."  The  upper  or  ventral  surfaces  of  the  arms  are  fiirnished 
ivith  grooves  corresponditig  with  the  "ambulacral  grooves"  of  the 
Asteroids.  The  water-vascular  system  has  only  a  limited  communica- 
tion with  the  exterior,  and  is  not  connected  ivith  locomotion.  The 
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reproductive  organs  are  situated  beneath  the  skin  in  the  grooves  on  the 
ventral  surface  of  the  arms  or  pinnules. 

As  the  study  of  the  fossil  Crinoids  is  attended  with  considerable 
difficulties,  it  may  be  well  to  give  here  a  brief  account  of  the  general 
anatomy  and  development  of  one  of  the  "  Feather-stars  "  {Comatula), 
no  other  recent  type  of  the  group  being  readily  obtainable  for  pur- 
poses of  investigation.  All  the  known  Crinoids  are  attached  to 
foreign  bodies  by  a  jointed  stem  or  "  column  "  in  their  young  con- 
dition ;  but  in  the  adult  state  they  may  either  retain  this  stem  of 
attachment,  and  thus  remain  permanently  fixed,  or  they  may  become 


ig.  284.  — Crinoidea.    Antedon  {Coniattila)  rosacea,  a  free  Crinoid,  viewed  from  its 
dorsal  or  aboral  aspect. 


detached  from  the  stem  and  may  lead  a  free  existence.  In  accord- 
ance with  this,  the  Crinoids  may  be  divided  into  the  two  groups  of 
the  "Pedunculate  Crinoids"  and  the  "Free  Crinoids."  In  the 
Pedunculate  Crinoids,  where  the  stalk  of  attachment  is  permanently 
retained  (fig.  289),  the  animal  may  be  compared  with  a  Star-fish 
turned  upside  down,  the  column  springing  from  the  centre  of  the 
dorsal"  (or  "abactinal")  surface,  while  the  "ventral"  (or  "ac- 
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tinal  )  surface,  with  the  mouth-opening,  is  turned  upwards.  In  the 
J^ree  Crinoids,  in  which  the  adult  is  devoid  of  a  peduncle  of 
attachment,  the  animal  has  it  in  its  power  to  move  about  freely  by 
swimming ;  while  it  can  at  the  same  time  assume  the  position  char- 
acteristic of  the  Stalked  Crinoids,  since  it  can  fix  itself  to  foreign 
objects  with  the  mouth  turned  upwards  and  the  dorsal  surface 
directed  downwards. 

The  "Feather-stars,"  as  exemplified  by  the  common  Antedo7t 
{Comatula)  rosacea  of  British  seas  (fig.  284),  belong  to  the  group 
of  the  "  Free  Crinoids,"  being  attached  by  a  stalk  in  their  young 
state  only.  The  adult  animal  is  free,  and  consists  of  a  pentagonal 
or  cup-shaped  body  or  "  calyx,"  which  gives  origin  on  its  sides  to 
five  jointed  processes  or  "arms."  The  calyx  encloses  the  visceral 
mass  or  disc,  the  upper  or  "  actinal "  surface  of  which  exhibits  the 
apertures  of  the  mouth  and  anus.  The  five  "arms"  bifurcate 
almost  immediately  after  their  origin  from  the  calyx,  so  as  to  give 
rise  to  ten  long  slender  processes,  which  are  transversely  jointed,  and 


Fig.  285. — Side-view  of  the  calyx  of  Antedon  sp.,  enlarged,  the  cirri  being  mostly  removed, 


are  fringed  on  both  sides  by  dehcate  filaments  or  "  pinnulae."  The 
dorsal  surface  of  the  body  carries  a  number  of  delicate  jointed 
flexible  processes  (figs.  284  and  285,  c),  which  are  attached  to  the 
so-called  "  centrodorsal "  plate,  and  are  known  as  the  "  cirri."  By 
means  of  these  the  animal  can  moor  itself  temporarily  to  foreign 
objects,  with  the  mouth  turned  upwards. 
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The  dorsal  or  aboral  integument  is  hardened  in  Antedon  by  the 
formation  within  it  of  a  system  of  calcareous  plates,  which  collec- 
tively constitute  the  "  cup "  or  "  calyx,"  and  which  in  large  part 
correspond  with  the  "  apical  disc  "  of  the  Echinoids.  The  central 
piece  of  the  calyx  is  known  as  the  "  centrodorsal "  plate  (fig.  285,  cd\ 
and  is  developed  from  the  topmost  joint  of  the  stem  in  the  young 
Feather-star.  It  carries  the  cirri,  and  has  soldered  on  to  it  five 
"radial"  plates  (fig.  285,  r),  which  represent  the  "ocular  plates"  of 
the  Echinoids.  There  are  thus  apparently  no  representatives  of  the 
"  genital  plates "  of  the  Echinoids.  In  the  great  majority  of  the 
recent  Feather-stars,  however,  these  plates  are  really  present,  though 
they  exist  only  in  a  metamorphosed  condition.  They  are,  in  fact, 
fused  together  to  form  a  so-called  "rosette-plate,"  which  is  con- 
cealed from  view  externally,  and  lies  hidden  between  the  centro- 
dorsal and  radial  plates.  This  "rosette-plate"  consists,  therefore, 
of  the  amalgamated  interradial  plates  which  are  known  as  the 
"  basals "  in  the  stalked  Crinoids.    Following  the  first  cycle  of 


an 

Fi^.  286. — A,  Ventral  or  actinal  surface  of  the  bodj;  of  Comaiula  {Antedon)  rosacea,  enlarged, 
showing  the  central  mouth  (o),  the  excentric,  proboscidiform  anus  and  the  brachial  grooves 
("f"),  continued  from  the  bases  of  the  arms  across  the  disc  to  the  mouth.  D,  Side-view  of  the  lower 
part  of  Antedon  Icevis,  showing  the  calyx,  the  bases  of  the  arms  {b),  and  the  roots  of  the  dorsal 
cirri,  a  single  cirrus  (c)  being  left  complete,  enlarged.    (After  P.  Herbert  Carpenter.) 

"radials"  in  Antedon  are  two  other  circles  of  radial  plates  (the 
"second  radials"  and  "axillary  radials"),  the  outermost  circle 
carrying  the  bases  of  the  jointed  arms  (fig.  285,  sr  and  ar). 

The  upper  or  ventral  surface  of  the  body  is  covered  with  an 
imperfectly  calcified,  coriaceous  skin,  and  carries  the  aperture  of  the 
mouth.    In  Comatula  rosacea  the  mouth  is  central  (fig.  286,  a,  o), 
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as  It  IS  in  all  the  ordinary  Crinoids ;  but  in  some  Feather-stars 
(species  of  Actinometra)  it  may  be  quite  excentric.  The  anus  Un\ 
as  usually  supported  on  a  tubular  projection,  and  is  excentric  in 
position.  The  arms  of  Comatula  rosacea  exhibit  on  their  ventral 
surface  a  deep  furrow  or  groove,  the  elevated  margins  of  which 
are  cut  out  into  minute  crescentic  respiratory  leaves,  at  the  base  of 
each  of  which  is  a  group  of  three  tentacles,  connected  with  a  cavity 

in  the  interior  of  the  respiratory  leaf, 
and  communicating  by  a  common 
trunk  with  the  radiating  water-vessel. 
The  floor  of  the  ambulacral  furrows 
is  ciliated,  and  underneath  each  runs 
a  radiating  water-vessel,  together  with 
a  blood-vascular  trunk,  and  a  nerve- 
band  which  is  in  intimate  relation 
with  the  ambulacral  epithelium.  In 
the  centre  of  the  arm,  between  the 
calcareous  skeleton  and  the  water- 
vessel,  are  three  tubular  prolongations 
of  the  body-cavity.  The  middle  and 
largest  one  of  these  (fig.  287,  ov)  con- 
tains one  of  the  generative  glands; 
while  the  upper  and  lower  (the  "  sub- 
tentacular"  and  "coeliac"  canals)  are 
much  smaller,'  and  permit  of  a  circula- 
tion of  water  derived  from  the  body- 
cavity.  The  slender  lateral  "  pinnules  " 
carried  by  the  arms,  as  regards  their 
internal  anatomy,  have  precisely  the 
structure  of  the  arms  themselves. 

The  ciliated  grooves  on  the  ventral 
aspect  of  the  arms  are  continued  over 
the  upper  surface  of  the  disc  to  reach 
the  subcentrally  or  excentrically  placed 
mouth ;  and  the  animal  feeds  upon 
the  minute  organisms  conveyed  to  the 
mouth  by  the  water-currents  set  up 
along  these  grooves.  The  mouth  opens  into  a  spirally  coiled  ali- 
mentary tube,  which  forms  most  of  the  so-called  "visceral  mass," 
and  is  wholly  contained  within  the  calyx,  no  diverticula  from  it 
extending  into  the  arms. 

The  water-vascular  system  consists  of  a  circumoral  ring,  and  of 
the  radiating  water-vessels,  which  run  along  the  brachial  furrows. 
These  give  off  the  tentacles,  which  are  destitute  of  suckers,  and 
are  essentially  respiratory  in  function.    The  circular  ring  communi- 


Fig.  287. — Cross-section  of  a  pinnule 
of  the  Arctic  Feather-star,  magnified 
seventy -five  times.  (From  Ludwig, 
after  P.  H.  Carpenter.)  fj\  Calcareous 
skeleton,  containing  the  axial  nerve- 
cord  (a) ;  ag,  Ambulacral  groove  ;  n, 
Radial  nerve  ;  b.  Radial  blood-vessel ; 
•w,  Ambulacral  vessel ;  T,  Tentacle ; 
cni,  Ovary,  with  the  subtentacular  canal 
above,  and  the  coeliac  canal  below; 
gv.  Genital  blood-vessel. 
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cates  by  numerous  water-tubes  with  the  body-cavity,  to  which  the 
sea-water  is  freely  admitted  by  minute  pores  in  the  body-wall; 
while  some  of  these  pores  are  said  by  Perrier  to  lead  directly 
into  the  oral  water-vascular  ring,  though  this  is  denied  by  Hamann. 

The  vascular  system  is  extraordinarily  developed,  and  its  upper 
portion  consists  of  an  oral  ring,  which  gives  rise  to  the  radial 
vessels,  and  is  also  connected  with  a  peculiar  organ  apparently 
serving  as  a  kidney,  as  well  as  with  numerous  "  intervisceral " 
vessels.  There  is  no  aboral  vascular  ring,  but  the  vessels  become 
connected  inferiorly  with  a  singular  quinquelocular  structure  known 
as  the  "  chambered  organ,"  which  is  contained  within  the  centro- 
dorsal  plate  of  the  calyx.  The  chambered  organ  is  enclosed  in  a 
peculiar  fibrillar  sheath,  the  nature  of  which  will  be  spoken  of 
immediately,  and  it  sends  prolongations  into  all  the  arms,  along 
canals  contained  within  the  skeleton  of  the  latter,  and  also  into 
the  dorsal  cirri. 

In  the  Crinoids  generally,  the  structure  of  the  vascular  system  is,  up  to 
a  certain  point,  much  the  same  as  it  is  in  Coniatula.  Occupying  the 
dorsoventral  axis  of  the  body  is  the  lobated  kidney,  enclosed  in  a  sheath 
of  vessels.  Dorsally,  these  resolve  themselves  into  a  central  group  (of 
one  or  more),  and  five  peripheral  vessels,  the  latter  expanding  in  the 
lower  part  of  the  calyx  into  the  five  chambers  of  the  "  chambered  organ." 
In  the  Pedunculate  Crinoids  the  chambers  narrow  again,  and  the  group 
of  vessels  is  continued  down  the  central  canal  of  the  column.  In  Penta- 
crinus,  which  has  cirri  at  regular  intervals,  the  five  peripheral  vessels  ex- 
pand in  each  cirrus-bearing  joint  into  five  dilatations,  which  thus  give  rise 
to  a  miniature  "  chambered  organ,"  each  chamber  of  which  gives  off  a 
single  vessel  to  a  cirrus. 

The  nervous  system  of  the  Feather-stars  is  also  extraordinarily 
developed  as  compared  with  that  of  the  other  Echinoderms.  As 
has  been  previously  seen,  there  is  found  under  the  floor  of  each 
of  the  brachial  grooves  a  fibrous  nerve-band  (fig.  287,  n),  which 
corresponds  morphologically  with  one  of  the  radiating  nerve-fibres 
of  a  Star-fish.  In  addition  to  these  ambulacral  nerves,  the  "  cham- 
bered organ,"  above  spoken  of  in  connection  with  the  vascular  sys- 
tem, is  enclosed  in  a  peculiar  fibrillated  sheath,  which  has  been 
shown  by  Dr  W.  B.  Carpenter  to  be  of  a  nervous  nature.  It  gives 
off  a  series  of  radial  prolongations  or  "axial  cords"  (fig.  287,  «), 
which  occupy  median  canals  within  the  skeleton  of  the  arms  and 
pinnules,  and  send  numerous  branches  to  the  muscles  and  the 
integument  (fig.  287,  d).  In  the  stalked  Crinoids  the  fibrillar 
nerve-sheath  is  likewise  prolonged,  along  with  the  blood-vessels, 
into  the  central  canal  of  the  column  or  peduncle.  No  represen- 
tative of  this  peculiar  system  of  nerves  is  known  in  the  unstalked 
Echinoderms  {Echinozoa). 
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Though  free  in  its  adult  condition,  the  Rosy  Feather-star  passes 
through  a  stage  of  its  development  in  which  it  is  attached  by  a 
delicate  jointed  stalk  to  some  foreign  object  (fig.  288).  When 
first  discovered  in  this  condition,  it  was  supposed  to  be  a  distinct 
type  of  the  Crinoids,  and  was  described  under  the  name  of  I'en/a- 
crimis  EuropcBus.  The  Comatiila,  therefore,  represents  temporarily 
m  this  stage  of  its  development,  the  permanent  condition  of  the 
Pedunculate  Crinoids. 

As  regards  the  development  of  Comaiula,  the  lan^a  is  at  first  cylindri- 
cal, with  four  transverse  bands  of  cilia,  a  hinder  tuft  of  cilia,  and  an  ali- 
mentary' canal  furnished  with  a  lateral  aperture,  its  general  aspect  closely 
resembling  that  of  the  embiyos  of  certain  Annelides.  The  skeleton  of  the 

calyx  is  developed  anteriorly,  that  of  the  column 
posteriorly,  the  fonner  being  the  first  to  appean 
In  Its  early  condition  (fig.  288)  the  calycine  skele- 
ton consists  of  a  row  of  five  "  basal "  plates  {b\ 
together  with  three  or  five  small  "  underbasals," 
which  rest  below  upon  the  so-called  "  centrodor- 
sal  plate  "  {cd),  and  fuse  with  it  at  an  early  period. 
The  basals  are  succeeded  above  by  a  cycle  of 
five  "  oral "  plates  {0),  in  the  centre  of  which  the 
permanent  mouth  is  finally  developed.  Five 
"  radial "  plates  (r)  are  next  developed  as  a  cycle 
between  the  oral  and  basal  plates  :  and  to  the 
radials  are  rapidly  added  the  plates  of  the  arms 
proper  (the  "  brachials).    Inferiorly,  the  centro- 
dorsal  plate  rests  upon  a  short  jointed  column 
(fig.  288,  c),  at  the  bottom  of  which  is  an  ex- 
panded "  dorsocentral "  plate  {<f),  forming  a  disc 
of  attachment ;  and  the  lai-va  now  passes  into 
what  is  known  as  its  "  Pentacrinus  stage."  In 
the  further  progress  of  growth  the  arms  increase 
in  length,  and  the  oral  plates  diminish  in  size 
and  ultimately  disappear.    At  the  same  time  the 
centrodorsal  plate  increases  in  size,  so  as  to  en- 
close the  basal  plates,  which  in  turn  become 
fused  with  one  another,  and  remain  only  as  the 
so-called  "  rosette  "  on  the  upper  surface  of  the 
centrodorsal.    The  latter  also  develops  jointed 
cirri  from  its  outer  suface,  and  finally  becomes 
detached  from  the  next  joint  of  the  column  be- 
low, when  the  animal  enters  upon  its  free  stage  of 
life. 


Fig.  288. — Larva  of  Coma- 
iula {Antedon)  rosacea,  en- 
larged (after  Sir  Wj»ville 
Thomson),  o  o,  Oral  plates  ; 
r  r,  Radial  plates  ;  b  b,  Basal 
plates ;  cd,  Centrodorsal  plate  ; 
c,  Column  ;  d,  Disc  of  attach- 
ment (dorsocentral  plate). 


As  regards  the  essential  features  in  their 
anatomy,  the  "  Stalked "  Crinoids  do  not 
differ  materially  from  the  "  Free "  forms  of  the  group.  More 
particularly,  there  is  a  substantial  identity  in  structure  in  the  two 
sections  of  the  order  as  regards  the  form  and  arrangement  of  the 
alimentary  canal,  the  ambulacral  and  vascular  systems,  and  the  ner- 
vous and  reproductive  organs.    As  the  majority  of  the  fossil  Crin- 
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Fig.  ■iig.—Pcntacriiius  Mackaranus,  a  living  stalked  Crinoid,  slightly  enlarged. 
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oids,  however,  belong  to  the  Pedunculate  division  of  the  group,  it  is 
necessary  to  study  the  skeleton  of  these  in  greater  detail. 

A  pedunculate  Crinoid,  such  as  Pentacrinus  (fig.  289),  consists  of 
a  cup-shaped  body  or  "  calyx,"  which  encloses  the  principal  viscera, 
and  is  furnished  with  a  crown  of  pinnate  "arms,"  and  which  is 
attached  to  some  foreign  object  by  means  of  a  stalk  or  "  column," 
composed  of  a  number  of  calcareous  pieces  or  "  articulations."  In 
some  cases  (as  in  Apiocrinus)  the  base  of  the  "  column  "  is  consid- 
erably expanded.  In  other  cases  the  column  is  simply  "  rooted  by 
a  whorl  of  terminal  cirri  in  soft  mud"  (Wyville  Thomson).  The 
column  may  be  extremely  short,  or  even  wanting  in  the  adult,  or 
may  reach  the  extraordinary  length  of  sixty  or  seventy  feet.  The 
whole  column  is  composed  of  a  series  of  ring-like  or  pentagonal 
joints,  which  are  generally  movably  articulated  with  one  another, 
and  are  furnished  with  special  muscles,  the  joint -surfaces  often 
having  a  very  elaborate  structure,  and  the  entire  stem  possessing  in 
the  living  state  a  larger  or  smaller  amount  of  flexibility.  Very 
often  more  or  fewer  of  the  column-joints  carry  lateral  jointed  pro- 
cesses or  "cirri"  (fig.  289).  Each  joint  of  the  stem,  further,  is 
perforated  centrally  by  a  canal,  which  lodges  an  extension  from 
the  "  chambered  organ "  and  its  fibrillar  nerve-sheath. 

As  regards  its  shape,  the  "  column "  of  the  Stalked  Crinoids  is  very 
commonly  round,  but  it  is  sometimes  oval  or  elliptical  (as  in  Platycrinus, 
fig.  300),  and  it  is  not  infrequently  pentagonal  (as  in  Extracritms,  fig. 
290).  The  separate  joints  or  "  articulations  "  of  the  column  are  usually 
so  connected  with  one  another  that  whilst  the  amount  of  movement 
between  any  two  pieces  must  be  very  limited,  the  entire  stem  is  more  or 
less  flexible.  The  articular  surfaces  or  facets  by  which  contiguous  joints 
are  connected,  are  differently  marked  in  different  cases.  In  many  foi'ms, 
the  articulating  facets  are  marked  by  more  or  less  numerous  radiating 
striae,  which  run  from  the  central  canal  of  the  joint  to  its  margin.  In 
other  cases,  as  in  Pentacrimcs  and  Extracriiius  (fig.  290),  the  articular 
faces  are  united  by  crenated  ridges  arranged  in  a  pentapetalous  figure. 
Though  usually  articulated  movably,  the  stem-joints  are  occasionally 
united  here  and  there  by  the  peculiar  mode  of  union  known  as  "  syzygy." 
By  this  is  understood  the  immovable  union  of  two  originally  separate- 
joints  by  close  ligamentous  connection  and  subsequent  more  or  less 
complete  fusion,  the  primitive  line  of  division  usually  remaining  visible 

as  a  line  of  suture.  .  ,  j  j-o-  1 

The  uppermost  joint  of  the  column  is  often  larger  than,  and  diflTerently 
shaped  from,  the  inferior  joints,  and  may,  as  in  Apiocrinus,  enter  largely 
into  the  formation  of  the  calyx.  In  many  cases,  as  in  Peniacrini/s  and 
Ertracrinus  (figs.  289  and  290),  the  column  is  furnished  with  more  or 
less  numerous  auxiliary  arms  or  "  side-anns,"  which  represent  the  "  cuti  " 
of  the  Comatuhds.  The  column  generally  increases  m  height  by  the 
addition  of  new  joints  at  its  summit,  and  also  by  the  intercalation  of 
others  between  those  previously  formed  in  the  upper,  and  therefore  the 
voungest  part  of  the  stem  ;  and  the  whole  series  is  traversed  centrally  by 
a  variously  shaped  tube— the  misnamed  "  alimentary  canal "  of  old  wnters. 
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—which,  as  previously  noted,  lodges  the  neuro-vascular  axis  of  the  stem. 
The  neuro-vascular  tube  of  the  stem  sends  off  diverticula  into  the  cirri 
and  root-like  processes  of  attachment,  when  these  structures  are  prfesent. 
It  is  very  commonly  round,  but  it  may  be  pentapetalous.  In  some  cases, 
there  are  four  or  five  canals  running  parallel  with  and  around  a  central 
tube,  but  in  this  case  the  function  of  the  outer  circle  of  tubes  is  uncertain. 


bur?form°  hnn"  '^"^"^'^        cup-shaped,  pyriform,  or 

'Jursitorm  body  of  the  anima ,  or  "calyx"  Cfip   ^nrV     A.  tu^ 
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dorsal  side  of  the  calyx  which  is  turned  downwards,  while  the 
ventral  or  oral  side  is  turned  upwards.  The  dorsal  or  inferior  side 
of  the  calyx  is  entirely  enclosed  in  a  series  of  polygonal  calcare- 
ous plates,  which  are  more  or  less  closely  joined  together.    In  some 

cases  the  plates  are  united  by  firm  sutures  ; 
while  in  others  the  plates  are  more  or  less 
movably  articulated ;  and  in  still  other 
cases  certain  of  the  plates  may  be  con- 
nected by  the  peculiar  mode  of  immovable 
union,  which  has  been  already  described 
under  the  name  of  "  syzygy."  In  rare 
cases,  as  in  the  Devonian  genus  Hystri- 
crmus,  the  calycine  plates  are  furnished 
externally  with  movably  articulated  spines, 
resembling  the  prickles  of  the  Echinoids. 

The  following  is  the  general  arrange- 
ment of  the  calycine  plates  in  the  Stalked 
Crinoids  (figs.  291  and  292).  Resting 
directly  upon  the  summit  of  the  highest 
joint  of  the  column  is  the  cup-shaped  basal 
portion  of  the  calyx,  which  is  known  as 
the  "  basis,"  and  which  may  consist  of  a 
single  or  double  row  of  plates.  In  those 
Crinoids  in  which  the  basis  is  composed 
of  a  single  row  of  plates  only  —  hence 
termed  "monocyclic"  Crinoids — its  com- 
ponent plates  rest  directly  upon  the  top-joint  of  the  column,  and  are 
known  as  the  "  basals."  The  "  basals  "  are  interradial  in  position, 
and  are  homologous  with  the  "genital  plates"  in  the  apical  disc  of 
the  Echinoids.  The  basals  are  usually  five  in  number,  but  may  be 
reduced  to  four,  three,  or  two ;  and  they  may  be  invisible  externally 
owing  to  their  concealment  by  the  radials  (as  in  most  Comatulce). 
In  the  so-called  "  dicyclic  "  Crinoids,  on  the  other  hand,  the  true 
"basals"  retain  their  constant  interradial  position,  but  are  separated 
from  the  top-joint  of  the  column  by  an  intercalated  row  of  plates 
termed  the  "  underbasals "  (figs.  291  and  292,  b\  the  basis  thus 
consisting  of  two  successive  cycles  of  plates.^  The  underbasals  are 
radial  in  position,  and  have  no  representative  in  the  calyx  of  the 
"monocyclic"  Crinoids.  It  is  not  clear  that  they  possess  any 
homologues  in  the  apical  disc  of  the  Sea-urchins,  as  do  the  basals 
and  radials  of  the  Crinoidal  calyx.   -They  were  formerly  compared 

I  In  the  nomenclature  of  some  writers,  the  plates  of  the  dicyclic  calyx  are  known 
resuectively  as  the  "basals"  and  "parabasals"  ;  but  the  nomenclature  of  Ur  1. 
Herbert  Carpenter,  employed  above,  undoubtedly  expresses  the  true  homologies 
of  the  monocyclic  and  dicyclic  forms. 


Fig.  291.  —  Side-view  of  the 
calyx  of  Poteriocrinus  multiplex, 
from  the  Carboniferous  Limestone 
of  Russia,  of  the  natural  size, 
showing  the  top -joints  of  the 
column  (c)  and  the  bases  of  the 
arms,  b,  The  cycle  of  "under- 
basals"; /,  The  "basals";  r, 
The  "primary  radials";  br.  The 
"second  radials " (or  first  "brach- 
ials" of  some  authors).  (After 
Zittel.) 
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collectively  to  the  "  suranal "  or  dorsocentral  plate  of  the  Saleniadoi, 
which  is  represented  in  the  larvae,  of  other  Urchins;  but  it  is  now 
generally  admitted  that  the  homologue  of  this  plate  in  the  Crinoids  is 
the  plate  supporting  the  discoidal  base  of  the  larval  stem  (fig.  288,  d). 
Succeeding  the  basals,  and  alternating  with  them,  are  one  or  more 
cycles  of  plates,  which  are  directly  superimposed  upon  one  another  in 
longitudinal  rows,  and  which  form  the  foundations  of  the  arms.  The 
lowest  of  these,  up  to  the  first  bifurcation,  are  known  as  the  "  radials  " 
(figs.  291,  292,  r\  and  are  termed  "primary,"  "secondary,"  or  "ter- 
tiary "  radials,  according  to  their  distance  from  the  basals.    The  last 


bero'^'rXrS^,?."'')^!^ ri'"''  ."'y''  °l  ^'^odocrinu,,  a  "dicyclic"  Crinoid,  viewed  from 
Delow  (after  Schultae).    b,  Underbasals;       Basals;  r.  First  radials;  i,  Interradials ;  a.  Anal 


radial  plates,  or  those  furthest  from  the  column,  are  the  "  axillary  " 
radials,  and  give  origin  to  the  lowest  plates  of  the  arms  ("  brachial " 
plates) ;  or^  if  the  cycle  of  the  primary  radials  alone  is  developed, 
tne  hrst  brachials  rest  upon  these.  The  "radial"  plates  are 
arranged  in  a  series  of  five  vertical  columns,  which  are,  as  the  name 
implies,  radial  in  position ;  and  the  primary  radials  are  homolo- 
gous with  the  "ocular  plates"  in  the  apical  disc  of  the  Echinoids.^ 

onIy^n^e,'^ntv^"'u'■P^°'°S''='■<^  P°'"'  °f  '^ese  primary  radials  are  the 

them  beinl  °  pame   '  radials  "  is  applicable,  all  those  which  follow 

des^iptWe  J,--  ^™-J°'"'\(" brachials").     It  is,  however,  convenient  for 
escnpttve  purposes  to  give  the  name  of  "radials"  to  all  those  plates  which  are 
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Between  the  five  columns  of  radial  plates,  corresponding  with  the 
five  arms,  there  may  be  intercalated  certain  other  smaller  plates, 
which,  from  their  position,  are  spoken  of  as  "  interradials "  (fig. 
292,  t).  When  "interradials"  are  developed,  one  of  the  interradial 
spaces,  corresponding  with  the  anus,  is  usually  wider  than  the  others, 
and  is  furnished  with  an  additional  series  of  calcareous  pieces,  which 
are  termed  "anal  plates"  (fig.  292,  a). 

As  above  mentioned,  the  first  brachial  plates  rest  directly  upon 
the  highest  row  of  radials ;  and  the  "  arms,"  therefore,  spring  from 
the  margins  of  the  calyx,  where  the  dorsal  and 
ventral  surfaces  join.  The  arms  are  formed  of  a 
single  or  double  longitudinal  row  of  "  brachial 
ossicles,"  the  plates  in  the  latter  case  alternating 
with  one  another.  The  brachial  plates  are  in 
many  cases  traversed  by  a  single  or  double  canal, 
which  transmits  the  axial  nerve-cord  (fig.  287). 
In  most  cases,  the  brachial  ossicles  are  movably 
articulated  with  one  another,  having  their  op- 
posed surfaces  separated  by  interarticular  sub- 
stance, and  being  provided  with  muscular  fasci- 
culi. In  other  cases,  however,  the  arm-plates 
are  fixed  in  immovable  junction  by  "syzygy," 
and  may  coalesce  with  one  another.  The  arms 
are  primarily  five  in  number,  and  they  may  re- 
main simple.  Most  commonly,  however,  the 
arms  are  more  or  less  branched,  and  they  gener- 
ally carry  on  their  sides  short,  jointed  filaments 
or  "pinnules,"  the  structure  of  which  repeats 
that  of  the  arms  on  a  smaller  scale  (fig.  293). 
Pinnulse  may  be  wanting  (as  in  Cyathocrinus\  and  it  is  not  always  easy 
to  distinguish  between  "  pinnules,"  properly  so  called,  and  "  armlets" 
{i.e.,  short  divisions  of  the  arms  themselves) ;  since  the  real  distmc- 
tion  between  these  structures  depends  upon  their  contained  soft  parts, 
and  is  therefore  unavailable  as  regards  fossil  forms.  The  proper 
"  arms,"  namely,  lodge  the  sterile  genital  cord,  while  it  is  withm 
the  pinnules  that  the  fertile  portions  of  the  genital  glands  are  con- 
tained Owing  to  the  position  of  the  reproductive  glands  beneath 
the  soft  skin  of  the  pinnules,  it  follows  that  there  exists  no  gener- 
ative opening,  or  "  ovarian  aperture,"  in  the  walls  of  the  calyx,  such 
as  is  present  in  the  Cystideans. 

The  ventral  surfaces  of  the  arms  and  pinnules,  as  in  Lomatula, 
are  furnished  with  furrows— the  "  ambulacral  grooves"  or  "food- 
situated  in  the  direction  of  the  rays,  as  far  as  the  first  axillary  joint ;  when 
the  arms  are  numerous,  some  authors  speak  of  secondary  and  tert.ary  rad.ab 
IccoXg  to  the  number'  of  axillaries  between  the  basals  and  the  free  arms. 


Fig.  293. — Portion  of 
an  arm  of  Platycrinus, 
showing  the  lateral  pin- 
nulae. 
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grooves  " — which  ultimately  coalesce  to  form  five  primary  grooves, 
which  are  continued  across  the  ventral  surface  of  the  disc  to  the 
mouth  (fig.  286,  a).  These  ambulacral  grooves,  in  living  forms,  are 
ciliated,  and  along  them  currents  of  water  are  kept  up,  by  which 
organic  particles  are  conveyed  to  the  mouth.  In  a  number  of  types, 
including  numerous  extinct  and  a  few  living  forms,  the  ambulacral 
furrows  are  covered  in  superficially  by  two,  or,  more  rarely,  by  four 
rows  of  alternating  calcareous  plates  of  small  size. 

The  upper  or  ventral  surface  of  the  visceral  mass  or  disc  is  in 
all  living  Crinoids,  whether  stalked  or  free,  covered  with  a  leathery 
skin  containing  calcareous  granules  or  plates,  which  are  sometimes 
scattered,  but  sometimes  very  closely  placed ;  and  it  exhibits  the  five 
principal  ambulacral  grooves  as  generally  open  furrows  passing  from 
the  bases  of  the  arms  to  the  mouth  (fig.  286,  a).  The  mouth  itself 
is  central  in  position,  or,  rarely,  excentric  {Actinometra),  and  may  be 
surrounded  with  five  triangular  "  oral  plates,"  which  alternate  with 
the  ambulacral  grooves.  In  most  Comatula,  the  oral  plates  are 
present  only  in  the  early  stages  of  development  (fig.  288),  and  dis- 
appear in  the  adult ;  though  they  are  relatively  large  and  well  de- 
veloped in  Thaumatocrinus.  Almost  all  the  Secondary  and  Tertiary 
Crinoids  resembled  the  ordinary  living  forms  in  the  possession  of  a 
plated  ventral  perisome  and  open  ambulacral  grooves ;  and  hence 
such  forms  have  been  grouped  together  by  Dr  P.  H.  Carpenter  under 
the  name  of  "  Neocrinoids."  In  all  recent  Crinoids,  further,  the 
upper  surface  of  the  body  exhibits  the  aperture  of  the  anus,  which 
is  generally  excentric,  though  central  in  position  in  some  Actinometra, 
and  which  is  usually  placed  at  the  summit  of  a  proboscidiform  emin- 
ence (fig.  286,  a). 

On  the  other  hand,  in  the  so-called  "  Palseocrinoids,"  embracing 
under  this  name  all  the  Crinoids  of  the  Pateozoic  rocks,  the  upper 
surface  of  the  calyx  rarely  exhibits  open  ambulacral  grooves,  nor  is 
the  mouth-opening  generally  exposed  to  view.  On  the  contrary,  the 
oral  aperture  and  food-grooves  are  more  or  less  completely  concealed 
beneath  a  superficial  plated  covering,  the  structure  of  which  varies  in 
different  groups.  In  very  many  cases,  as  in  the  ActinocrinidcB, 
Platycrinida,  Rhodocrinidce,  &c.,  the  ventral  surface  of  the  calyx  is 
roofed  over  by  a  flat  or  vaulted  canopy  of  calcareous  plates,  which 
are  firmly  united  with  one  another,  and  completely  conceal  the  sub- 
jacent mouth-opening  and  ambulacral  grooves.  Five  plates  which 
meet  m  the  centre  of  this  vault  correspond  to  the  "  oral  plates  "  of  the 
Neocrmoids.  One  of  these  is  larger  than  the  rest,  and  immediately 
behmd  It  the  vault  is  perforated  by  a  single,  excentric,  or,  rarely, 
central  aperture,  which  is  often  prolonged  into  a  tubular  "  proboscis," 
and  which  is  to  be  regarded  as  the  anus.  In  all  such  cases,  the 
ambulacral  grooves  are  continued  beneath  the  above-mentioned 
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canopy,  from  the  bases  of  the  arms,  across  the  ventral  aspect  of  the 
calyx,  as  so  many  tunnels.  During  life  these  lodged  both  the  food- 
grooves  and  the  water-vessels  beneath  them,  and  there  is  evidence 
that  the  latter  opened  into  a  circular  vessel  surrounding  the  mouth 
and  representing  the  circular  ambulacral  vessel  of  the  Echinoderms 
generally.  Hence  in  specimens  of  such  forms,  where  the  arms  have 
been  detached  (figs.  294-296),  the  upper  side  of  the  calyx  is  seen 


Fig.  294. — Caly.x 
of  A  clinocrinus  ro- 
tuncius. 


Fig.  295.— Calyx 
of  A  ctinocrinus  Ko- 
nincki. 


Fig.  296.— Calyx  of  ^.  Ver- 
neuUlanus.  The  arms  are 
wanting,  and  the  apertures  of 
the  food-grooves  at  their  bases 
are  seen. 


to  be  covered  with  a  plated  dome,  and  the  points  of  insertion  of  the 
arms  are  marked  by  the  openings  of  the  food-grooves  on  their  way 
inwards  to  the  concealed  mouth. 

In  the  great  family  of  the  Cyathocrinidce,  among  the  Palaso- 
crinoids,  the  mouth  and  convergent  food-grooves  are  concealed 
from  view  by  a  vault  which  is  chiefly  composed  of  the  "oral" 
plates  in  the  centre,  together  with  the  united  covering-plates  of  the 

ambulacra  (fig.  297,  a).  These 
are  all  of  a  much  less  massive 
character  than  in  the  forms 
above  mentioned,  and  are 
readily  destroyed.  When  these 
tegminal  plates  have  not  been 
preserved — as  is  very  common- 
ly the  case — then  the  upper 
surface  of  the  calyx  (fig.  297, 
a^:^^^^^"^^'^^^   B)  exhibits  a  large  central  peri- 

plating  of  the  disc  preserved  (a)  and  the  same  re-  gt-Qj-i^ial  Opening,  tO  WhlCh  tnC 
moved  (b).    am,  Ambulacral  grooves,  m  the  one  ,     ,        T  ^^.c.^  r-r^r, 

figure  roofed  in  by  a  double  row  of  minute  ossi-    flye    ambulacral    grOOVeS  COU- 

t^.^i^J:L^:J:^s°'t^l.^z^  verge,  together  with  an  excen- 

trically  placed  and  often  pro- 
boscidiform  anus.    In  this  family,  the  peristome  is  surrounded  by  five 
large  calyx-interradials,  of  which  one  (the  "anal  plate,   fig.  297, 
is  excavated  on  one  side,  and  corresponds  with  the  anus.  Ihe 
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general  structure  of  the  "  tegmen  calycis  "  in  the  great  Palaeozoic 
family  of  the  Poteriocrinida  is  the  same  as  in  the  Cyaihocrtmdce,  but 
both  the  interradials  and  the  "oral  plates"  are  often  inconspicuous, 
or  imperfectly  developed.  In  these  forms,  also,  the  excentric  anus 
is  prolonged  into  a  proboscidiform  tube,  which  is  often  of  great 
size  (fig.  298). 

As  regards  the  classification  of  the  Crinoids,  the  first  well-ground- 
ed systematic  arrangement  was  that  proposed  by  Johannes  Miiller, 
who  divided  the  order  into  the  three 
sections  of  the  Tessellata,  the  Articulata, 
and  the  Costata.  The  first  of  these 
sections  included  the  Palaeozoic  Crin- 
oids, and  its  name  was  based  on  the 
fact  that  in  these  the  plates  of  the 
calyx  are  united  by  sutures  which  do 
not  admit  of  movement.  The  section 
of  the  Articulata,  again,  included  the 
living,  Tertiary,  and  Secondary  Crin- 
oids {Marsupites  alone  excepted),  in 
which  the  calycine  plates  are  mov- 
ably  articulated ;  while  the  section  Cos- 
tata comprised  only  the  aberrant  Ju- 
rassic genus  Saccocoma.  Zittel,  in  his 
admirable  '  Handbuch  der  Paleeon- 
tologie,'  has  followed  Miiller's  classi- 
fication, with  various  emendations  and 
modifications.  Miiller's  classification, 
though  a  great  advance  upon  that  pro- 
posed by  his  predecessors,  cannot  be 
considered,  even  as  modified  by  Zittel, 
to  be  a  strictly  natural  one,  since  forms 
which  agree  in  all  the  other  main  points 
of  their  organisation  may  differ  as  re- 
gards the  mode  in  which  the  calycine 
plates  are  joined  together.  Thus  the 
family  of  the  IchthyocrinidcB,  though 
closely  resembling  the  other  Pateozoic  Crinoids  in  its  essential  or- 
ganisation, is  characterised  by  the  possession  of  movably  articulated 
radial  plates,  and  thus  should  properly  fall  under  the  section  of  the 
Articulata.  The  classification  which  will  be  here  followed  is  that 
adopted  by  Dr  P.  Herbert  Carpenter  and  by  Mr  Charles  AVachs- 
muth,  in  which  the  Crinoidea  are  divided  into  the  two  primary 
sections  of  the  Pahzocrinoidea  and  Neocrinoidea.  In  the  division 
of  the  PalcEocrinoidea  are  comprised  all  the  known  Paleeozoic 
Crinoids,  and  the  distinguishing  characters  of  the  division  are, 


Fig.  29S. — Calyx  and  part  of  the 
arms  Poteriocrinus  radiatits^  show- 
ing the  proboscidiform  anal  tube. 
Carboniferous.  (After  De  Koninck 
and  Le  Hon.) 
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roughly  speaking,  that  the  calyx  is  disproportionately  large  and 
massively  constructed  as  compared  with  the  arms,  interradials 
being  usually  present  and  often  united  with  the  radials  in  such 
a  way  as  to  form  a  portion  of  the  calyx;  while  the  anal  inter- 
radius  is  specially  developed,  thus  rendering  the  cup  unsymmet- 
rical.  Moreover,  the  mouth  and  food-grooves  are  generally  con- 
cealed from  view  by  the  development  of  a  more  or  less  definite 
"  vault "  above  the  proper  ventral  surface  of  the  calyx.  On  the 
other  hand,  the  Neocrinoidea  are  all  Secondary,  Tertiary,  or  Recent, 
and  are  roughly  distinguished  from  the  Palgeocrinoids  by  the  com- 
paratively small  size  of  the  usually  symmetrical  calyx  and  the  pro- 
portionately large  development  of  the  arms.  The  interradials,  if 
present,  are  rarely  incorporated  into  the  calyx,  and  with  one  excep- 
tion {Thaumatocrimis)  an  "anal"  interradius  cannot  be  recognised. 
The  higher  radial  plates  are  more  or  less  movably  articulated,  and 
do  not  enter  into  the  composition  of  the  calyx.  Lastly,  the  ventral 
surface  of  the  visceral  mass  is  not  covered  by  a  plated  dome,  but 
the  mouth  and  ambulacral  grooves  are  exposed  to  view.  Speak- 
ing generally,  the  division  Falceocrinoidea  may  be  regarded  as  cor- 
responding with  Miiller's  division  of  the  Tessellata,  while  the  section 
Neocrinoidea  corresponds  with  the  Articulata  and  Costata  of  the 
same  author. 

As  regards  the  distribution  of  the  Crinoids  in  space,  the  order  is 
represented  by  comparatively  few  forms  in  recent  seas,  and  these 
have  mostly  a  very  local  range.  All  the  existing  forms  belong  to  the 
division  of  the  Neocrinoids,  and  the  majority  of  them  are  referable 
to  the  free-living  family  of  the  Comatulidce,  of  which  there  are  not  far 
from  two  hundred  known  forms,  belonging  to  six  genera  {Antedon, 
Actinometra,  Atelecrinus,  Eudiocrinus,  Promachocrinus,  and  Thauma- 
tocrinus).  On  the  other  hand,  there  are  only  about  forty  known 
living  types  of  the  "  Pedunculate  "  Crinoids,  belonging  to  some  half- 
a-dozen  genera  {Fentacrinus,  Rhizocrinus,  Bathycrinus,  Hyocrinus, 
Metacrinus,  and  Holopus).  The  Comatulidce  have  a  very  wide  range 
in  space,  being  found  in  almost  all  seas,  but  they  are  essentially 
inhabitants  of  shallow  water.  Many  of  the  living  stalked  Crinoids, 
on  the  other  hand,  such  as  Bathycrinus  and  Hyocrimis,  are  only  found 
at  great  depths  in  the  sea.  They  do  not  range,  however,  below 
2500  fathoms,  while  one  species  oi  Antedon  occurs  at  a  depth  of 
2900  fathoms. 

As  regards  their  distribution  in  time,  the  entire  group  of  the 
Palceocrinoids  is  restricted  to  the  Palaeozoic  period,  and  may  be  said 
to  have  attained  its  maximum  development  in  rocks  as  ancient  as 
the  Silurian.  Throughout  all  Pateozoic  time  the  Crinoids  are  the 
predominant  types  of  the  Echinoderms,  and  many  of  the  Ordovician, 
Silurian,  Devonian,  and  Carboniferous  limestones  are  so  extensively 


PAL^OCRINOIDEA. 


425 


composed  of  the  fragmentary  remains  of  these  organisms  that  they 
may  be  properly  spoken  of  as  "  crinoidal  limestones "  and  "  en- 
crinital  marbles."  The  Permian  formation  (Dyas)  is  singularly  poor 
in  remains  of  Crinoids,  and  the  commencement  of  Mesozoic  time 
appears  to  have  been  signalised  by  the  complete  disappearance  of 
the  Pal:eocrinoids,  and  the  coming  in  of  the  Neocrinoids.  The  first 
forms  of  this  latter  group  make  their  appearance  in  the  Trias  {Encrinus, 
Sec),  and  numerous  types  are  known  in  the  Jurassic  and  Cretaceous 
rocks,  but  the  Crinoids  no  longer  play  a  part  of  such  conspicuous 
importance  as  we  have  seen  to  have  been  the  case  in  the  Palaeozoic 
period.  The  earliest  forms  of  the  great  modern  family  of  the  Co;h- 
atididce  appear  in  the  lower  part  of  the  Jurassic  system  (Middle  Lias). 
The  Tertiary  formations  are  by  no  means  rich  in  Crinoids,  and  the 
comparatively  limited  recent  Crinoidal  fauna  must  be  regarded  as  a 
survival  from  the  earlier  part  of  the  Mesozoic  period,  most  of  the 
living  types  being  closely  connected  with  forms  which  existed  at  the 
time  when  the  Triassic  and  Jurassic  deposits  were  laid  down. 

In  the  following  synopsis  of  the  families  of  the  Crinoidea,  the  char- 
acters and  distribution  in  time  of  the  leading  groups  will  be  briefly 
touched  upon,  but  the  less  important  families  can  only  be  defined 
in  the  shortest  manner  possible.  The  arrangement  followed  is,  in 
the  main,  that  adopted  by  Wachsmuth  and  Springer  as  regards  the 
Palaeocrinoids  and  by  Dr  P.  Herbert  Carpenter  as  regards  the  Neo- 
crinoids. 

Division  A.  PALyEOCRiNOiDEA. 

The  division  of  the  Falceocrinoidea  corresponds  with  Miiller's 
division  of  the  Tessellata,  as  redefined  by  Zittel,  minus  the  two  Meso- 
zoic genera  Marsupites  and  Uinta'crinus.  The  calyx  in  the  Palseo- 
crmoids  is  comparatively  large,  with  massive  plates,  and  is  usually 
unsymmetrical,  the  arms  being  proportionately  small.  Interradials 
are  usually  present,  while  the  anal  interradius  is  specially  developed 
and  is  readily  recognisable.  A  certain  number  of  the  plates  above 
the  primary  radials  are,  as  a  rule,  "  closely  united  to  one  another  and 
to  the  interradials,  so  as  to  form  the  walls  of  a  relatively  large  and 
substantial  calyx  "  (P.  H.  Carpenter).  The  ventral  surface  is  covered 
by  a  more  or  less  extensive  vault,  the  centre  of  which  is  generally 
occupied  by  the  united  oral  plates,  concealing  the  mouth  and  the 
ongms  of  the  ambulacra  (fig.  297). 

Family  i.  ActinocrinidcR.—i:\\Q.  calyx  in  this  family  is  always 
monocyclic,"  there  being  three  to  five  basals,  but  no  "  under- 
basals  (fig.  299).  The  plates  of  the  cup  are  firmly  united  by 
suture,  and  the  radials  take  part  in  the  formation  of  the  calyx.  In- 
terradial  plates  are  developed,  and  the  lowest  "  anal "  interradial 
rests  directly  upon  the  basals.    The  arms  may  be  uniserial  or  biserial 
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— /.e.,  they  may  consist  of  a  single  or  double  row  of  brachials — but 
they  are  most  commonly  the  latter.  The  ventral  surface  of  the 
calyx  is  covered  with  a  vault  of  heavy  plates  which  are  closely  con- 
nected together.  The  geological  range  of  the  family  is  from  the 
Ordovician  to  the  Carboniferous  inclusive. 

The  type-genus  of  this  family  is  Actinocrimcs  itself,  in  which  the  calyx, 
though  very  variable  in  shape  (figs.  294-296),  always  possesses  three 
basals,  which  form  a  hexagon,  and  are  united  superiorly  with  the  five 
primary  radials  and  the  lowest  of  the  anal  interradials.  There  are  three 
cycles  of  radials,  and  the  highest  radials  carry  each  a  double  series  of 
brachial  plates,  which  support  the  variously  divided  arms.  There  are 
three  or  more  anal  plates,  of  which  the  lowest  (fig.  299,  d)  always  rests 
upon  the  basals  directly.  There  is  a  variable  number  of  interradials, 
and  the  column  is  round.  The  upper  surface  of  the  cup  is  vaulted  over 
with  calcareous  plates,  and  the  brachial  grooves  are  continued  beneath 

the  vault  thus  formed,  as  so  many 
tunnels,  to  the  central  and  con- 
cealed mouth.  The  anus  may  or 
may  not  be  extended  into  a  pro- 
boscis, and  it  is  sometimes  very 
excentric,  sometimes  subcentral. 
It  has  been  shown  that  in  some 
of  the  ActinocrinidcE  (as  in  forms 
belonging  to  other  families)  there 
exists  in  the  interior  of  the  cal)'x 
a  singular  convoluted  calcareous 
plate,  of  a  reticulated  texture, 
shaped  somewhat  like  an  ordin- 
ary Bubble-shell  {Bulla),  occupy- 
ing the  vertical  axis  of  the  body, 
and  often  of  lai'ge  size.  This  has 
been  compared  with  the  calca- 
reous structures  present  in  the 
"  sand-canal "  of  various  Echino- 
derms  ;  but  it  is  probably  rather 
an  extreme  development  of  the 
discoidal  calcareous  plates  which 
have  been  described  as  strength- 
ening the  double  wall  of  the  spirally-twisted  alimentary  canal  in  the 
Hving  Coviatnlce.  The  genus  Actmocrimis  appears  to  commence  in 
the  Silurian,  and  is  also  represented  in  the  Devonian  ;  but  it  attains 
its  maximum  in  the  Carboniferous,  and  is  wholly  unknown  in  later 
deposits.  Agaricocriiius  and  Batocrhius  are  Carboniferous  forms  very 
closely  allied  to  Actinocrinus.  The  Silurian  genera  Pcriechocrinus  and 
Megistocrinus  are  close  allies  of  Ac/inocriiiiis,  and  the  Carboniferous 
Aviphoracrim/s  and  Dotycrmus  only  differ  from  it  in  comparatively 
trifling  particulars. 

In  the  Silurian  and  Devonian  genus  Mclocrinits,  there  are  four  or 
three  basals,  the  lowest  anal  plate  is  separated  from  the  basals  by  the 
primary  radials,  and  the  arms  are  in  the  form  of  five  free  rays  giving  off 
lateral  armlets.  Melocrinus  is  often  regarded  as  the  type  of  the  separate 
family  of  the  Melocrinidcc,  to  which  Wachsmuth  and  Springer  also  refer 
the  genus  Glyptocrinus,  which  will  be  briefly  noticed  later. 


Fig.  299.  —Diagram  of  the  dissected  calyx  of 
Actinocrinus  (after  Schultze).  b,  Basals;  r, 
Radials;  i,  Interradials;  a,  The  lowest  of  the 
anal  plates. 


PAL^OCRINOIDEA. 


427 


A.mong  the  other  genera  of  the  AcHnocrinidcE  may  be  mentioned 
Stelidiocri7ius,  Briarocrinus,  and  Carpocrinus,  which  have  been  regarded 
as  the  types  of  as  many  famihes,  and  all  of  which  are  found  in  the 
Silurian  rocks. 

Family  2.  Barrandeocrinida. — This  family  has  been  founded  by 
Angelin  for  the  reception  of  the  single  genus  Barrandeocrinus,  which 
occurs  in  the  Silurian  rocks  of  Gotland.  In  this  genus  the  arnis 
are  arranged  in  pairs,  and  are  reflexed  in  such  a  way  that  their 
dorsal  surfaces  rest  upon  the  outer  surface  of  the  calyx,  while  they 
are  at  the  same  time  confluent  laterally. 

Family  3.  Platycritiida.  —  This  family  is  characterised  by  the 
possession  of  a  "  monocyclic  "  calyx,  with  three,  or  sometimes  two. 


Fig.  300.  —  Platycrinus  triconiaifaciylus.  Carboniferous.  The  left-hand  figure  shows  the 
calyx,  arms,  and  upper  part  of  the  stem,  and  the  figure  next  this  shows  the  surface  of  one  of  the 
jomts  of  the  column.    The  right-hand  figure  shows  the  proboscis. 

basals  and  five  radials.  There  are  from  three  to  five  plates  in  each 
interradial  space ;  but  the  anal  interradials  do  not  come  in  contact 
with  the  basals,  except  in  some  forms  {Hexacritms).  The  arms  are 
at  least  ten  in  number  (fig.  300),  and  may  be  uniserial  or  biserial. 
The  column  is  round  or  elliptical,  and  the  neurovascular  axial  canal 
is  of  small  size.  The  geological  range  of  the  family  is  from  the  Silu- 
rian to  the  Carboniferous  inclusive,  but  the  maximum  development 
is  attained  in  the  Carboniferous  Limestone. 

The  type-genus  of  the  Platycrinidce  is  Platycrinus  itself,  in  which  the 
cup  is  composed  of  three  basals  and  a  single  cycle  of  radials,  amongst 
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which  the  anal  interradial  is  not  intercalated.  The  succeeding  radials 
are  embraced  in  the  free  arms,  and  do  not  form  part  of  the  calyx.  The 
arms  are  numerous  and  bifurcated,  and  all  the  divisions  carry  pinnules. 
There  are  three  or  five  interradials  in  each  of  the  interradial  spaces,  and 
there  may  be  one  large,  or  three  small  anal  plates.  The  column  is  rounded 
near  the  calyx,  but  its  lower  joints  are  oval  and  compressed.  There  is, 
typically,  a  large  anal  proboscis.  In  connection  with  the  proboscis  of 
Fla/ycritnis,  we  may  just  notice  the  well-known  fact  that  in  many  speci- 
mens (as  is  the  case  with  other  Crinoids  possessing  a  similar  elongated 
anal  tube)  there  is  found  in  close  apposition  with  the  proboscis,  and  often 
placed  upon  its  actual  summit,  the  shell  of  a  fossil  Univalve  (apparently 
almost  always,  or  always,  a  species  of  Platyceras).  It  was  originally 
supposed  that  the  Crinoid  had  been  fossilised  in  the  act  of  eating  the 
Mollusc — the  anal  tube  being  regarded  as  the  mouth — but  all  the  living 
Crinoids  feed  upon  microscopic  animalcules,  and  this  supposition  is 
therefore,  ^r/;«rt  facie^  an  improbable  one.  It  has  also  been  shown  by 
Meek  and  Worthen  that  the  P/atyceras  must  have  lived  for  a  long  time 
attached  to  the  proboscis  of  the  Crinoid,  since  the  lip  of  its  shell  has 
closely  adapted  its  form  to  that  of  the  surface  to  which  it  is  attached. 
We  may  therefore  safely  accept  the  conclusion  reached  by  these 
observers,  that  the  Platyceras  was  in  the  habit  of  attaching  itself  para- 
sitically  to  the  side  or  summit  of  the  proboscis  of  Platycrinus  and  other 
Crinoids,  thus  obtaining  a  share  of  the  minute  animalcules  upon  which 
its  host  lived. 

The  genus  Platycrhius^  as  defined  by  Wachsmuth  and  Springer,  is 
almost  entirely  confined  to  the  Carboniferous  period,  being  represented 
by  many  species  in  the  Carboniferous  Limestone.  One  or  two  small 
forms,  however,  occur  in  the  Devonian.  The  genus  Hexacrinus  is 
closely  allied  to  Platycrinus,  but  it  possesses  a  large  anal  plate,  which 
rests  directly  upon  the  basals  (as  in  Actmocrinus).  The  genus  is  strictly 
Devonian,  and  the  species  are  mostly  European. 

By  Wachsmuth  and  Springer  the  genus  Hexacrinus  is  regarded,  prob- 
ably correctly,  as  the  type  of  the  distinct  family  of  the  Hexacrinida,  to 
which  they  also  refer  Hystricrifius  and  Dichocrinus.  Of  the  remaining 
genera  of  the  Platycrinidce,  the  only  one  which  needs  special  mention  is 
the  somewhat  aberrant  Ordovician  and  Devonian  genus  Coccocrimis.  In 
this  genus,  the  vault  is  entirely  formed  by  five  large  oral  plates,  which 
rest  upon  the  interradials  and  conceal  the  mouth. 

Family  4.  Rhodocrinidce. — The  forms  included  in  this  family  have 
a  dicyclic  calyx  (fig.  292),  but  the  underbasals  may  be  very  small, 
and  are  sometimes  completely  concealed  from  external  view  {Glypto- 
crinus).  The  underbasals  are  usually  five  in  number,  sometimes 
three  :  and  there  are  five  basals.  Interradials  are  well  developed, 
but  the  anal  interradius  is  "scarcely  distinct"  (Wachsmuth  and 
Springer).  A  very  characteristic  feature,  however,  is  that  the  first 
radials  are  separated  by  interradials  which  rest  upon  the  basals. 
The  arms  may  be  uniserial  or  biserial.  The  species  of  this  family 
range  from  the  Ordovician  to  the  Carboniferous  inclusive. 

The  type-genus  of  this  family  is  Rhodocnnus  itself,  which  ranges  from  the 
Silurian  to  the  Carboniferous.  The  underbasals  in  this  genus  (fig.  292) 
are  five  in  number,  and  are  well  developed.    The  five  lowest  mterradials 
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rest  upon  the  basals,  and  form  with  the  first  radials  a  ring  of  ten  plates  ; 
while  the  arms,  varying  in  number  from  ten  to  twenty,  are  bifurcated  two 
or  three  times  during  their  course.  Allied  to  Rhodocrmiis  is  the  genus 
Ollacrinus  {Gilbertsocrimts)  oith&C3^rhomiG.ro\xsUm&storie.  _ 

The  genus  Glyptocrinus  has  been  commonly  referred  to  the  Rhodocrin- 
zVfe,but  it  is  now  placed  by  Wachsmuth  and  Springer  in  the  MelocrinidcE, 
while  other  authorities  regard  it  as  the  type  of  a  separate  family  {Glypto- 
crinidce).  In  this  genus,  the  turbinate  calyx  possesses  underbasals,  but 
these  are  of  small  size,  and  may  be  quite  rudimentary.    The  calycine 


Fig.  301.— A,  Calyx  and  arms  of  Eucalyptocrinus  rosacetis,  viewed  from  one  side,  of  the 
natural  size— Devonian  (after  Schultze):  B,  Calyx  of  Glyptocrinus  basalis,  viewed  from  one  side, 
of  the  natural  size — Ordovician  (after  M'Coy). 

plates  are  ornamented  with  chai-acteristic  radiating  ridges  (fig.  301,  b)  ; 
the  arms  are  uniserial ;  and  the  column  is  annulated  or  moniliforai.  All 
the  species  of  Glyptocrinus  appear  to  belong  to  the  Ordovician  period. 

Family  5.  Calyptocrinidce. — In  the  remarkable  foriTis  included  in 
this  family,  the  calyx  is  regular  and  "monocyclic,"  flattened  or 
hollowed  out  basally,  and  passing  superiorly  into  a  flask-shaped 
tegmen,  which  is  narrowed  above,  and  terminates  in  a  centrally 
placed  anal  aperture  surrounded  by  regularly  arranged  polygonal 
plates.  The  arms  are,  typically,  twenty  in  number,  biserial,  and 
not  projecting  beyond  the  level  of  the  upper  limit  of  the  calyx ;  and 
they  are  situated  between  riblike  processes  of  the  upper  margin  of 
the  cup,  or  in  special  lateral  niches  formed  by  vertical  outgrowths 
from  the  wall  of  the  calyx.  The  members  of  this  family  are  exclu- 
sively confined  to  the  Silurian  and  Devonian  formations,  the  prin- 
cipal genus  being  Eucalyptocrinus. 

\ri  Eucalyptocrinus  (fig.  301,  a),  the  calyj:  is  inverted  upon  itself,  the 
calycine  cup  being  deeply  concave  at  its  base,  so  as  to  look  like  the  bot- 
tom of  a  wine-bottle.  Within  this  basal  funnel  are  situated  the  four  small 
basals,  which  are  succeeded  by  five  large  primary  radials.  These  are 
strongly  bent,  one-half  of  each  passing  up  into  the  basal  funnel,  while 
the  other  half  appears  on  the  lower  and  lateral  aspects  of  the  cup.  Two 
other  rows  of  radials  succeed  these,  the  tertiary  radials  being  unusually 
large,  and  each  supporting  the  bases  of  two  arms.     The  interradial 
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plates  are  developed  in  a  most  singular  manner,  so  as  to  form  a  series  of 
five  Imear,  clavate  processes,  which  separate  and  support  the  arms  ;  five 
other  precisely  similar  processes  being  borne  by  the  axillary  radials. 

The  arms  thus  come  to  lie  in  deep  grooves 
or  niches  in  the  sides  of  the  calice,  the 
upper  surface  of  which  they  do  not  reach. 
The  upper  surface  is  completely  vaulted 
over,  and  is  mainly  formed  by  the  upper 
ends  of  the  ten  interbrachial  processes 
just  spoken  of,  in  the  centre  of  which  is  a 
small  circular  anal  apertui-e,  surrounded  by 
five  or  more  plates.  The  species  of  Euca- 
lyptocriniis  are  found  in  the  Silurian  and 
Devonian  rocks  ;  and  the  Silurian  genus 
Hypaiithocriniis  differs  principally  from  the 
preceding  in  the  fact  that  the  base  of  the 
calyx  is  not  funnel-shaped.  The  Silurian 
genus  Corymboa-iniis  (fig.  302)  has  been 
likewise  placed  in  the  neighbourhood  of 
Eucalyptocri?tus,  but  is  now  considered  by 
Wachsmuth  and  Springer  as  belonging 
rather  to  the  family  of  the  Actinocrhtida. 
In  this  genus  the  calyx  resembles  that  of 
Eucalyptocriniis  in  having  a  deep  funnel- 
shaped  depression  at  its  base,  but  the 
arms  are  long  and  much  divided.  Lastly, 
the  genus  Callicrinus,  also  Silurian,  is  in 
most  structural  features  closely  allied  to 
Eiicalyptocrinus,  and  appears  to  represent  an  earlier  phase  in  the  devel- 
opment of  the  family. 

Family  6.  Crotalocrinidce. — In  this  small  and  remarkable  family, 
the  calyx  is  "  dicyclic,"  with  small  underbasals  and  large  basals. 
The  arms  are  uniserial,  without  pinnae,  but  furnished  with  numerous 


Fig.   302.  —  Calyx  and   arms  of 
Coryinlwcrinus  fiolydactylus.  Wen 
lock  Limestone  of  Britain.  (After 
M'Coy.) 


Fig.  303.— A,  Calyx  and  arms  of  Crota'ocrinus  Loveni,  cut  across  to  show  how  the  arms 
are  rolled  up ;  b,  A  portion  of  the  network  formed  by  the  arms,  enlarged.  Silurian.  (.After 
J.  Miiller.) 

branches,  by  the  coalescence  of  which  they  become  more  or  less 
extensively  connected  with  one  another  laterally,  generally  forming 
wide,  inroUed,  foliaceous  expansions.  The  anus,  so  far  as  known, 
has  the  form  of  an  excentric,  proboscidiform,  plated  tube.  The 
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centre  of  the  vault  is  occupied  by  five  oral  plates,  while  the 
ambulacral  grooves  of  the  arms  and  their  lateral  branches  are 
covered  in  by  small  calcareous  plates.  The  genera  of  this  family  are 
Silurian,  but  Cleiocri7ius,  if  rightly  referred  here,  is  Ordovician. 

The  type-genus  of  this  family  is  Crotalocrinus  {A,ithocrinns\  one  of 
the  mosrbeLtiful  Crinoids  of  the  Wenlock  Limestone  of  Gotland  and 
Britain  The  calyx  consists  of  five  small  underbasals  and  five  large 
basals  ■  with  a  single  zone  of  radials,  while  interradials  are  wanting, 
with  the  exception  of  a  single  small  anal  plate.  The  arms  are  bifur- 
cated and  the  subdivisions  unite  with  one  another  by  means  of  lateral 
processes,  thus  giving  rise  to  a  network,  perforated  by  numerous  aper- 
tures (fig  303)  The  Silurian  genus  Enallocrinus  is  nearly  allied  to 
Crotalocrinus,  but  the  arms  become  free  towards  their  extremities. 

Family  7.  Ichthyocrinida.—lw  this  family  the  calyx  is  "  dicyclic," 
but  the  three  underbasals  are 
small,  and  are  mostly  not  visible 
externally.  The  radials  articu- 
late upon  one  another,  and  are 
united  laterally  by  the  peri- 
somic  plates  of  the  disc.  The 
arms  are  short,  bifurcating,  and 
often  in  contact  laterally,  thus 
forming  an  upward  continua- 
tion of  the  calyx  (fig.  304,  a)  ; 
while  pinnules  are  apparently 
wanting.  The  disc  had  open 
ambulacral  grooves,  and  was 
covered  with  perisomic  plates, 
like  that  of  a  recent  Crinoid. 
Its  central  part  was  occupied 
by  five  oral  plates,  which  in 
some  species,  if  not  in  all, 
were  separate  from  one  another, 
so  as  to  open  the  mouth  to  the 
exterior.  The  members  of  this 
family  are  found  in  the  Silurian 
deposits. 

The  typical  genera  of  the  Ichthyocrinidce — such  as  Ichthyocrintis  itself 
(Silurian  to  Carboniferous),  Lecanocrinus  (Silurian  and  Devonian),  and 
Mespilocrintis  (Carboniferous) — are  characterised  generally  by  the  im- 
perfect separation  of  the  calyx  and  arms,  the  latter  being  commonly 
in  close  apposition  laterally  (fig.  304,  a).  On  the  other  hand,  the  genus 
Taxoa-iiius  (fig.  304,  b)  represents  a  section  of  the  family — sometimes 
raised  to  the  rank  of  a  separate  family  ( Taxocrinidce) — in  which  the 
arms  are  well  developed  and  repeatedly  bifurcated.  The  species  of 
Taxocrinus  are  found  in  the  Silurian,  Devonian,  and  Carboniferous 


Fig.  304. — A,  Side-view  of  the  calyx  of  Tchthyo- 
crinus  ItEvis^  from  the  Silurian  (Niagara  Lime- 
stone) of  North  America ;  ii,  Calyx  and  upper 
part  of  the  column  of  Taxocrinus  tuberctilatus, 
from  the  Silurian  (Wenlock  Limestone)  of  Brit- 
ain.   (After  Hall  and  M'Coy.) 


Devonian,  and  Carboniferous 
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rocks  ;  and  the  genus  Forbesiocrinus,  with  a  similar  geological  range 
IS  principally  distinguished  from  this  by  the  more  abundant  develop- 
ment of  the  interradial  plates. 

Family  8.  Haplocrinidce. — In  this  family  the  calyx  is  small  and 
spheroidal,  and  is  composed  of  basals  and  radials,  underbasals 
being  absent.  The  ventral  surface  of  the  calyx  exhibits  five  large 
"oral"  plates,  forming  a  low  pyramid,  which  is  excavated  along  the 
sutures  of  the  plates  to  receive  the  bases  of  the  arms  (fig.  305). 
There  is  no  definite  anal  plate,  but  the  anal  opening  perforates  one 
of  the  oral  plates,  which  is  somewhat  larger  than  its  fellows.  The 
arms  are  poorly  developed.  The  family,  as  defined  by  Wachsmuth 
and  Springer,  includes  only  the  two  genera  Haplocrinus  (fig.  305) 
and  Ailagecrinus,  of  which  the  former  is  mainly  if  not  wholly  De- 
vonian in  its  range,  while  the  latter  is  exclusively  confined  to  the 


Fig.  305. — Haplocrinus  jjtcspili/oriiiis.    The  calyx  viewed  from  below,  from  one  side, 
and  from  above,  and  enlarged.  Devonian. 


Carboniferous  rocks.  Both  genera  comprise  very  small  Crinoids, 
which  are  in  some  respects  simpler  in  their  construction  than  the 
normal  members  of  the  order,  and  may  be  considered  as  perma- 
nently representing  the  larval  condition  of  the  Palseocrinoids. 
Ailagecrinus  is  remarkable  for  the  inequality  in  the  size  of  its 
radials,  some  of  which  may  be  axillary  and  bear  two  arms.  For 
this  reason  it  is  regarded  by  some  authors  as  the  type  of  a  distinct 
family. 

Family  9.  SytiibatJiocrinida. — In  this  family  the  calyx  is  small, 
and  is  composed  of  basals  and  radials  only.  The  central  portion 
of  the  ventral  surface  of  the  calyx  exhibits  a  circle  of  oral  plates. 
The  arms  are  uniserial,  exceedingly  long,  and  folded  together.  The 
principal  genera  of  this  family  are  Symbathocrimis  (Devonian  and 
Carboniferous),  Fisocrinus  (Silurian),  and  Triacrinus  (Devonian  and 
Carboniferous). 

Family  i  o.  Cupressocrinidce. — In  this  family  the  large,  basin-shaped 
calyx  is  apparently  of  the  "dicyclic"  type,  the  underbasals  being 
anchylosed  to  form  a  solid  disc,  which  some  authors  rega-d  as 
being  an  enlarged  top  stem-joint,  in  which  case  the  calyx  would 
be  "monocyclic."  Upon  this  disc  rest  five  basals,  followed  by 
five  radials,  the  upper  edges  of  which  are  truncated  and  form  a 
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horizontal  line.  Reposing  directly  upon  the  radials  are  the  five 
first  brachials,  which  are  as  wide  as  the  radials,  but  are  of  very 
small  vertical  thickness.  The  arms  are  mas- 
sive, moving  as  in  one  piece,  uniserial,  and 
undivided.  They  gradually  diminish  towards 
their  apices,  and  by  the  accurate  apposition 
of  their  edges  together,  form  a  pentagonal 
pyramid.  The  arm -plates  bear  numerous 
small  and  incurved  pinnules,  six  or  more  on 
either  side  of  each  joint.  These  roof  in  the 
deep  ambulacral  grooves,  which  seem  also  to 
have  had  a  definite  calcareous  skeleton  of 
their  own.  Between  the  bases  of  the  arms, 
in  the  interior  of  the  cup,  is  placed  a  so-called 
"consolidating  apparatus,"  formed  of  five 
laterally  anchylosed  calcareous  pieces,  which 
apparently  really  represent  "the  united 
muscle-plates  of  the  radials"  (P.  H.  Car- 
penter). This  peculiar  apparatus  covers  the 
greater  part  of  the  ventral  surface  of  the 
calyx,  and  the  mouth  appears  to  have  been 
placed  in  its  centre.  The  column  is  obtusely 
quadrangular,  annulated,  and  traversed  by  a  large  central  canal 
surrounded  by  four  smaller  tubes. 

The  only  genus  of  this  family  is  Cupressocrinus  itself,  the  species 
of  which  are  exclusively  Devonian,  and  appear  to  have  been  wholly 
confined  to  the  European  area.  The  characters  of  the  genus  need 
not  be  more  fully  discussed,  the  principal  ones  having  been  men- 
tioned in  the  diagnosis  of  the  family. 

Family  ii.  Gasterocomidce. — In  this  family  the  calyx  (fig.  307)  is 
small  and  spheroidal,  and  is  typically  dicyclic,  the  underbasals 


Fig  306. — Side-view  of  the 
cup  of  Cupressocrinus  cras- 
sus,  with  the  arms  folded  up, 
of  the  natural  size.  Devonian. 
(After  Schultze.) 


Fig.  ^oy.—Gasteracoma  antlgua,  from  the  Devonian  rocks  of  the  Eifel,  enlarged  twice.  <i, 
The  calyx  viewed  from  the  side ;  b,  The  anal  aspect  of  the  calyx  ;  c,  The  ventral  surface  of  the 
calyx.   (After  Schultze— copied  from  Zittel.) 


being  usually  represented  by  a  simple  pentagonal  plate.  This  plate 
may,  however,  be  merely  an  enlarged  top  stem-joint  (as  in  Cupres- 
socrimis),  and  Zittel  regards  Nanocrinus  as  being  monocyclic.  There 
are  five  basals,  and  generally  an  equal  number  of  radials,  with  one 
VOL.  I.  2  E 
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or  more  interradials  in  the  anal  interradius.  In  Nanocrinus,  how- 
ever, there  are  only  four  arm -bearing  radials,  one  of  which  is 
axillary.  In  the  type -genus  Gasterocotna,  one  of  the  basals  is 
notched  for  the  anal  opening,  which  is  situated  between  it  and  the 
first  anal  plate.  The  arms  are  recumbent  or  widely  divergent,  and 
the  stem  is  generally  four-sided,  and  is  perforated  by  four  canals, 
surrounding,  or  confluent  with,  a  larger  central  canal.  The  two 
principal  genera  of  this  family  are  Gasteroco77ia  {Epadocrinus)  and 
Nafiocnnus,  both  of  which  are  found  in  the  Devonian  deposits  of 
Europe. 

Family  12.  Hybocrinidce. — The  members  of  this  small  family 
exhibit  embryonic  characters,  and  have  a  "  monocyclic "  base, 
with  imperfectly  developed  radials,  and  a  very  small  ventral  sac. 
The  basals  are  five  in  number,  and  are  very  large.  The  arms  are 
simple  and  without  pinnules ;  and  one  or  more  of  them  may  be 
undeveloped,  or  only  represented  by  recurrent  ambulacra  which 
run  over  the  outer  surface  of  the  calyx.  The  genera  included 
by  Wachsmuth  and  Springer  in  this  family  are  Hybocrinus,  Hybo- 
cystites,  Hoplocrinus^  and  Baerocrinus,  all  of  which  are  confined  to 
the  Ordovician  rocks. 

Family  13.  Heterocrinidce. — In  this  family  are  comprised  Palseo- 
crinoids  with  a  relatively  large  ventral  and  small  dorsal  development 
of  the  calyx.  The  basis,  as  in  the  preceding  family,  is  "  monocyclic," 
thus  differing  from  that  of  the  Cyathocrinidce.  and  Poteriocrinida,  in 
which  underbasals  are  present.  The  arms  are  much  more  developed 
than  in  the  Bybocrifiidce,  and  are  furnished  with  long  pinnules.  The 
principal  genera  are  Heterocrinus  and  Stenocrinus,  both  of  which  are 
found  in  the  Ordovician  rocks  of  North  America. 

Fa7nily  14.  Anomalocrinida. — In  this  family  the  only  genus  is 
Afiomalocrinus,  the  species  of  which  are  found  in  the  Ordovician 
rocks  of  North  America.  The  calyx  in  this  genus  is  large  and 
depressed,  with  a  "  monocycUc  "  basis.  The  pinnules  of  the  arms 
are  not  given  off  alternately  from  opposite  sides  (as  in  Crinoids 
generally),  "  but  from  every  successive  joint  on  one  side  at  a  time, 
from  one  bifurcation  to  the  next,  where  they  change  on  both  rami 
to  the  opposite"  (Wachsmuth  and  Springer). 

Family  15.  Belemnocrinidce.—The  only  genus  included  m  this 
family  is  the  Belemnocrt?ius  of  the  Carboniferous  Limestone  of  North 
America.  In  this  genus,  the  basis  is  "  monocyclic,"  with  no  under- 
basals but  with  relatively  large  basals.  The  ventral  side  of  the 
calyx  is  well  developed,  but  the  visceral  cavity  is  extremely  small. 
There  is  an  anal  plate  placed  in  a  line  with  the  radials.  The  anal 
proboscis  is  large  and  porous.  Lastly,  the  pinnules  of  the  arms  are 
given  off  regularly  at  every  second  or  third  jomt,  and  not  alternately 
from  all  the  brachials.    According  to  Wachsmuth  and  Sprmger,  the 
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genus  forms  a  connecting-link  between  the  Heterocrinidcs  and  the 
Cyathocrinidce. 

Family  i6.  Cyathocrinidce. — In  this  important  family  of  Crinoids, 
the  calyx  is  irregular,  and  is  of  the  "  dicyclic  "  type,  consisting  of  five 
underbasals  (fig.  308,  b\  five  basals  (/),  five  primary  radials  (r\  and 
from  one  to  three  anal  interradials  {a).  The  ventral  surface  of  the 
calyx  is  mainly  formed  by  the  large  interradial  plates,  between  which 
are  the  ambulacral  grooves,  roofed  over  with  small  calcareous  plates 
(fig.  297).     The  arms  are  uniserial,  long,  repeatedly  bifurcated 


Fig.  308.— A,  Diagram,  showing  the  dissected  calyx  of  Barycrinus  (after  Hall) :  b,  Under- 
basals; Basals;  r,  Lowest  of  the  three  radials  ("primary  radials");  a,  Anal  plate.  B,  Calyx 
and  part  of  the  arins  of  Cyathocrinus  planus,  of  the  natural  size.  Carboniferous. 

309))  and  without  true  pinnules.  The  family  of  the  Cyatho- 
crinida  is  closely  allied  to  that  of  the  Poteriocrinidce,  \)vX  the  arm- 
joints  are  differently  articulated  in  the  two,  and  the  arms  are  repeat- 
edly bifurcated  in  the  former  group ;  whereas  in  the  latter  the  arms 
may  remain  simple  after  the  first  bifurcation,  or  branch  irregularly, 
and  they,  further,  carry  pinnules.  The  range  of  the  Cyathocrinidce.  in 
time  is  from  the  Silurian  to  the  Permian  inclusive. 

The  principal  genus  in  this  family  is  Cyathocrifuis  itself  (fig.  309), 
which  ranges  from  the  Silurian  to  the  Permian,  but  attains  its  maximum 
aevelopment  in  the  Carboniferous  Limestone.  In  this  genus  the  calyx 
IS  small  and  basin-shaped,  with  long,  frequently  divided  arnis.  The 
ventral  side  is  slightly  convex,  and  a  plated  anal  tube  is  present.  The 
column  IS  round,  and  is  composed  of  very  narrow  articulations,  which 
are  perforated  by  a  five-angled  neurovascular  canal.  Barycrinus,  of 
me  (carboniferous  rocks  of  North  America,  is  nearly  related  in  most 
respects  to  Cyathocrinus j  while  Dendrociinus  (Ordovician),  Carabo- 
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crinus  (Ordovician),  and  Homocriniis  (Silurian  and  Devonian)  are  other 
leading  genera  of  this  family. 

Fa7nily  17.  Poteriocrinida. — In  this  family  the  calyx  is  "dicyclic," 
and  is  essentially  similar  to  that  of  Cyathocrinus,  consisting  of  five 
underbasals,  five  basals,  five  primary  radials,  and  from  one  to 
five  interradials  (fig.  291).  The  arms  are  simple 
or  bifurcated,  and  carry  long  pinnules.  The  ven- 
tral surface  of  the  calyx  is  elevated  and  convex, 
and  a  greatly  developed  anal  tube  or  proboscis  is 
usually  present  (fig.  298).  The  genera  of  this 
family  appear  to  be  principally,  if  not  wholly,  con- 
fined to  the  Devonian  and  Carboniferous  rocks, 
by  far  the  larger  number  of  forms  belonging  to 
the  latter. 

The  principal  genus  of  this  family  is  Poteriocriniis 
itself  (fig.  298),  which  is  closely  allied  to  Cyathocrinus, 
from  which  it  is  distinguished  principally  by  the  more 
elevated  form  of  the  ventral  sac,  the  great  develop- 
ment of  the  anal  tube,  and  the  structure  of  the  arms. 
These  latter  organs  may  be  simple  or  branched,  but 
in  either  case  are  provided  with  pinnules,  while  the 
radials  are  truncated  superiorly,  where  they  articu- 
late with  the  brachials.  On  the  other  hand,  m 
Cyathocrinus  the  arms  are  without  pinnules,  and 
the  first  radials  (fig.  308,  r)  articulate  with  the  second 
by  means  of  horse-shoe-shaped  facets.  The  species 
of  Poteriocrinus  are  mainly  Carboniferous,  but  a  few 
forms  are  known  from  the  Devonian  rocks.  Closely 
allied  genera  are  Zeacrinus  (Carboniferous)  and 
Scaphiocrinus  (Carboniferous  and  Devonian). 

Fa7nily  18.  Astylocrinidce.—The  calyx  in  this 
family  is  free,  the  peduncle  of  the  larva  being 
evanescent ;  and  it  is  composed  of  firmly  united 
massive  plates  (fig.  310)-  Typically,  the  calyx  is 
"dicyclic,"  but  Edriocrinus,  if  rightly  referred 
here,  has  no  underbasals.  There  are  two  cycles  of 
radials,  the  second  of  which  is  axillary,  and  the 
arms  are  provided  with  long  pinnules.  Anal  interradial  plates  are 
developed,  and  the  dorsal  side  of  the  calyx  does  not  carry  cirn.  The 
type-genus  of  this  family  is  Agassizocrinus  {^Astylocrinui),  which 
is  found  in  the  Carboniferous  Limestone  of  North  America.  The 
genus  Edriocrinus,  from  the  Silurian  rocks  of  North  America,  has 
flso  been  provisionally  placed  in  this  family  by  Wachsmuth  and 
Springer.  .  . 


Fig.  309. — Side-view 
of  the  calyx  and  arms 
of  Cyathocrinus  longi- 
manus,  of  the  natural 
size,  Silurian._  (After 
Angelin  —  copied  from 
Zittel.) 
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Sits  aduSSitXbut  underbasals  are  wanting,  and  .t  possesses  other 
peculiarities  as  well. 

Fami/y  19.  Catillocrinidm.—\Ti  this  small  family,  the  calyx  is  of 
small  size  and  of  the  "  monocyclic  "  type.  The  radials  are  remark- 
ably unequal  in  point  of  size,  two  of  them  being  greatly  developed, 
and  forming  the  larger  part  of  the  margin  of  the  calyx.  These  carry 
a  much  larger  number  of  the  arms  than  the  three  small  radials. 
The  arms  are  simple,  uniserial,  and  long,  and  the  column  is  round. 


Fig.  310. — Side-view  of  a  complete 
example  of  Agassizocrinus  dactyli- 
formis  {  =  Astylocrinns  Itevis,  F. 
Roemer).  Carboniferous,  North  Am- 
erica.   (After  Meek  and  Worthen.) 


Fig.  311. — Dissected  calyx  of  Agassizocrinus.  b, 
Underbasals ;  p,  Basals  ;  r,  Radials  ;  a,  Anal  plates. 
(After  Hall.) 


The  type-genus  is  Catillocrinus,  the  geological  horizon  of  which  is 
the  Carboniferous  rocks  of  North  America. 

Family  20.  Calceocrinidce.  ( =  Cheirocrinida). — This  family  includes 
only  the  aberrant  genus  Calceocrifius  ( =  Cheirocrinus),  which  ranges 
from  the  Ordovician  to  the  Carboniferous.  In  this  genus  the  small 
and  irregular  calyx,  with  its  crown  of  arms,  is  fixed  in  such  a  way  as 
to  hang  downwards  from  the  summit  of  the  column.  The  calyx  is 
"  monocyclic,"  and  there  are  only  three  basals,  which,  in  the  natural 
position  of  the  cup,  are  situated  posteriorly.  The  radials  are  of  un- 
equal size,  only  three  of  them  bearing  arms.  The  basals  and  radials 
are  united  by  ligaments  and  muscles,  so  that  a  distinct  articulation 
is  formed  at  this  point  in  the  cup.  The  arms  are  bifurcated,  and 
those  on  the  posterior  side  are  the  strongest. 
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Division  B.  Neocrinoidea. 


This  division  of  the  Crinoidea  corresponds  with  the  Articulata  of 
Miiller  (with  the  addition  of  the  genera  Marsupites  and  Uintacrinus), 
together  with  the  Costata  of  the  same  author.  As  defined  by  Dr 
P.  Herbert  Carpenter,  the  forms  included  in  the  Neocrinoidea  possess 
a  relatively  minute,  usually  symmetrical,  regularly  pentamerous  calyx, 
the  arms  being  in  general  greatly  developed.  There  are,  as  a  rule, 
five  equal  and  similar  basals,  and  five  also  equal  and  similar  radials. 
Underbasals  are  rarely  present  {Encrinus,  Extraciinus,  and  Marsu- 
pites). Interradials  are  rarely  developed,  and,  when  present,  no 
special  "  anal "  interradius  (except  in  Thaumato- 
crinus  alone)  is  recognisable.  The  higher  radials 
do  not  enter  largely  into  the  composition  of  the 
calyx,  and  are  usually  more  or  less  movable, 
being  generally  united  to  the  succeeding  plates 
by  a  muscular  articulation.  The  ventral  surface 
of  the  calyx  is  not  concealed  by  an  external 
canopy  or  vault  of  calcareous  plates,  but  the 
aperture  of  the  mouth,  with  the  ambulacral 
grooves  converging  to  it,  is  exposed  to  view. 
The  ambulacral  grooves  may  be  more  or  less 
roofed  in  by  calcareous  plates,  and  "  oral "  plates, 
when  present,  "  may  be  limited  to  larval  exist- 
ence, or  remain  through  life  partially  covering 
the  peristome,  but  capable  of  being  separated 
so  as  to  open  the  mouth  to  the  exterior"  (P. 
H.  Carpenter).  All  the  Neocrinoids  are  Second- 
ary, Tertiary,  or  Recent,  no  Palaeozoic  represent- 
atives of  the  division  being  at  present  known. 

Family  i.  Encrinidce. — In  this  family  the  calyx 
is  shallow  and  basin-shaped,  with  a  "  dicyclic " 
basis.  There  are  five  underbasals,  which  are 
of  very  small  size,  and  are  concealed  by  the 
uppermost  joint  of  the  column.  These  are 
succeeded  by  five  large  basals,  followed  in  turn 
^  .  bv  five  radials,  the  whole  of  these  plates  being 
liiiiformh.  Muschel-  firmly  United  by  suture.  The  prmiary  radials  are 
shfws  the'  'ankute  followcd  by  two  othcrs,  the  second  of  which  is  axil- 
surface  of  one  of  the  j        ^  \,tdx?,  two  arms,  which  sometimes  fork 

column-joints.  ■"•'•J  i     ^  j-  ■ 

again,  so  that  there  are  ten,  or,  rarely,  twenty  divi- 
sions in  all.  The  arms  (fig.  312)  are  often  biserial,  are  abundantly 
furnished  with  pinnules,  and  form  by  their  apposition  a  kind  of 
pyramid.  The  upper  column-joints  (fig.  312)  are  generally  alter- 
nately large  and  small.     The  joint-surfaces  are  furnished  with 
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or 


S?r.he  V— ^ wrtised  i„  a  p.a.ed  periso.e  essen- 

teS.  an  '.he  species  of  wh.ch  are  "    A^e  w 
^neries  of  this  genus  is  the  Lily-encnnite  {£.  liLnJormis  ng.  31 
:L  hLds  of  which  are  r,ot  very  rare  in  some  locahtxes  m  the 

Muschelkalk  of  Germany.  _  r    -i ,  r^ilw 

ira;,„7v  2.  ^^.,o-,;^/a.r/«/^^.-In  this  smgular  family,  the  calyx 

(fig  313)  is  apparently  composed  only  of  primary  radial  plates, 

which  rest  directly  upon  the  enlarged  uppermost  joint  of  the  column. 

Basals  have  not  been  detected,  but  it  is  prob- 
able that  they  were  present  in  a  rudimentary 

form.    There  are  two  additional  rows  of  radials, 

which  bear  ten  uniserial  arms,  and  the  base  of 

the  column  is  expanded,  and  serves  to  cement 

the  animal  to  foreign  bodies.    The  geological 

range  of  the  family  is  restricted  to  the  Jurassic 
and  Cretaceous  rocks. 

The  principal  genus  of  this  family  is  Eugenia- 
crinus  itself  (fig.  3i3)>  which  occurs  in  the 
Jurassic  and  Cretaceous  deposits  of  Europe. 
The  column-joints  and  clove-shaped  calyx  of 
species  of  this  genus  are  not  uncommon,  but 
the  arms  have  never  been  found  attached  to  the 
cup,  and  no  example  of  a  complete  calyx  has 
yet  been  detected. 

Family  3.  Holopida. — In  this  aberrant  fam- 
ily the  calyx  is  without  a  column,  and  is 
firmly  adherent  to  foreign  bodies  by  the  un- 
der surface  of  the  wide  cup.  The  basals  are 
fused  with  one  another,  and  usually  with  the 
radials  also,  in  which  latter  case  the  presence  of  distinct  basals  can 
only  be  inferred.  The  arms  (where  known)  are  thick,  massive,  and 
spirally  inrolled. 

In  the  recent  genus  Holopus  the  basals  and  radials  are  "  com- 
pletely anchylosed  into  an  asymmetrical  tube-like  calyx,  which  is 
fixed  by  an  irregularly  expanded  base  "  (P.  H.  Carpenter).  Allied 
to  this  extraordinary  living  type  are  a  few  fossil  forms  from  the 
Mesozoic  and  later  Tertiary  deposits.  Of  these  the  genera  Cotyle- 
crinus  {Cotyledertiia)  and  Eudesicrinus  are  confined  to  the  Lias ; 
while  Cyathidium  is  found  in  the  late  Cretaceous  deposits  (Faxoe 
Limestone)  and  in  the  Eocene  Tertiary. 

Family  4.  Hyocrinidce. — This  family  includes  only  the  living 


Fig.  313.  —  Eugeniacri- 
mis  caryophyllatus,  with- 
out the  arms,  restored. 
Jurassic  rocks.  (After 
Fraas— copied  from  Zittel.) 
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g&uMs  IIyocri7ius,  which  is  in  some  respects  related  to  the  Palaeo- 
crinoids.  In  this  genus  the  calyx-plates  are  thin, 
and  the  cup  consists  of  both  basals  and  radials, 
the  former  being  only  three  in  number.  The 
radials  are  five  in  number,  and  each  carries  a 
single  undivided  arm.  The  arm-joints  are  united 
by  "  syzygy"  into  groups  of  two  or  three,  the 
terminal  joint  of  each  group  bearing  a  long  pin- 
nule. There  are  five  large  "  oral "  plates  round 
the  mouth.  The  stem  consists  of  short  cylin- 
drical joints,  the  articular  surfaces  of  which  are 
simple  or  slightly  striated. 

Family  5.  Plicatocrinida.  —  This  family  in- 
cludes only  the  Jurassic  genus  FHcatocrinus, 
which  is  considered  by  Zittel  as  nearly  allied  to, 
or  identical  with,  Hyocrhms.  Basal  plates  are, 
however,  said  to  be  absent ;  while  the  arms  are 
short,  and  the  joints  are  not  united  by  "  syzyg)--," 
and  are  provided  with  short  pinnules. 

Family  6.  Apiocrinida.  —  In  this  family  the 
calyx  is  regular,  and  the  upper  stem-joints  are, 
typically,  wider  than  those  below,  the  upper 
part  of  the  column  thus  passing  gradually  into 
the  base  of  the  cup.  The  basals  are  five  in 
number,  and  are  surmounted  by  three  cycles  of 
radials,  each  cycle  being  normally  pentamerous. 
The  stem  is  expanded  at  its  base  for  attachment 
to  foreign  bodies,  or  is  furnished  with  branching 
roots  or  cirri  (fig.  314),  and  the  apposed  faces 
of  its  component  joints  are  marked  with  radial 
striae.  The  earliest  types  of  this  family  {Apio- 
crinus  and  Millericrimis)  appear  in  the  Jurassic 
rocks,  and  became  extinct  in  the  Lower  Creta- 
ceous period. 

In  the  genus  Apiocrinus,  comprising  the  so-called 
"  Pear-encrinites,"  there  is  a  long  cylindrical  stem, 
rooted  to  foreign  bodies  by  an  expanded  base  (fig. 
314).    The  upper  joints  of  the  stem  are  narrower,  as 
regards  vertical  height,  than  the  lower  ones,  while 
they  are  widened  out  laterally,  so  as  to  pass  gradually 
l  ig.  -.^.i,.— Apiocrinus  into  the  massive  pyrifomi  cup.    The  uppermost  joint 
Roissyanus.  Middle Oo-  of  the  Stem  is  much  enlarged,  and  carries  the  five 
lite  (Jurassic).  basals,  which  are  in  turn  succeeded  by  three  rows  of 

radials.  The  species  of  Apiocrinus  are  found  in 
the  Jurassic  and  Lower  Cretaceous  rocks.  In  the  genus  Millericrinus, 
with  a  very  similar  geological  range,  the  upper  stem-joints  are  only 
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very  gradually  widened  out,  and  the  top  one  is  not  very  greatly  larger 
than  those  below  it. 

FanUly  7.  Bourg.,.Arinid..-ln  this  family 

there  are  five  or  ten  slender  arms,  the  joints  of  which  are  unitea 
n  pairs  with  a  pinnule  on  the  distal  joint  of  each  pair  only.  The 
disfbe^rr  five  oral  plates  of  variable  size,  and  the  brachial  ambu- 
lacra  have  two  rows  of  covering-plates. 

This  family  differs  essentially  from  the  Apiocrinidm  in  the  relatively 
small  s  ze  of  the  calycular  cavity  and  in  the  more  or  less  dice-box- 
shaned  character  of  the  stem-joints.  In  the  type-genus  Bourguett- 
S  thereTs  a  small  pyriform  calyx,  passing  gradually  downwards 
L Tthe  tSened  u^per  pa  of  the  stem,  the  top  joints  of  which  are 
much  enlarged,  whiFe^  it  is  fixed  below  by  a  root-hke  P-l-gation 
Borcrgueticrinus  is  essentially  a  Cretaceous .  genus  but  has  been  de 
scribed  as  occurring  both  in  Jurassic  and  m  Tertiary  strata,  soieiy, 
however  on  Sevei?  uncertain  evidence  afforded  by  stem-jomts.  The 
famTis  rep  esentS  by  two  living  genera.  Bathycnnus  ranges  from 
icS,  to  24^0  fathoms  in  the  Atlantic,  but  is  not  yet  known  in  the 
S  state]  while  RhizocHnus,  which  occurs  at  smaller  depths,  ranges 
back  to  th;  Eocene  Tertiary.  In  the  former  type  the  basals  are  small 
and  firmly  united,  while  the  radials  are  long  and  comparatively  free,  and 
there  aT ten  anks.  On  the  other  hand,  Rhizocrinus  has  long  basals 
and  short,  closely  united  radials,  as  in  ^^^z^r^w^/zcn^zwy  while  theie  aie 
buUve  arms,  the  joints  of  which  are  united  by  "  syzygy,"  only  the  upper 
jobt  of  each  pair  bearing  a  pinnule.    In  both  genera  the  upper  stem- 

oints  are  thin  and  discoidal,  while  the  ambulacral  furrows  of  the  arms 
and  pinnules  are  protected  by  dehcate  calcareous  plates  The  disc  ot 
Rhizocri7ius  is,  further,  covered  by  large  "  oral"  plates,  which  are  much 

reduced  or  absent  in  Bathycrinus. 

Family  8.  Pentacrinid(B.—T\\\?.  family  is  defined  by  Dr  P.  H. 
Carpenter  as  comprising  forms  in  which  the  calyx  is  small  relatively 
to  the  stem  and  arms,  and  is  "  composed  of  five  basals  and  five 
radials,  with  underbasals  in  one  genus.  The  rays  divide  from  one 
to  eight  times.  The  stem  bears  verticils  of  cirri  at  intervals.  Two 
joints  are  united  by  syzygy  at  each  node,  to  the  upper  one  of  which 
the  cirri  are  articulated.  The  internodes  are  traversed  by  five  liga- 
mentous bundles,  which  are  interradially  disposed,  and  give  rise  to 
a  more  or  less  petaloid  figure  on  the  joint-faces.  No  root  nor 
radicular  cirri."  The  range  of  the  family  is  from  the  Trias  to  the 
present  day. 

The  type-genus  of  this  family  is  Pentacrinus  itself,  which  has  the 
geological  range  of  the  family.  In  this  well-known  genus  (fig.  289)  the 
joint-faces  of  the  pentagonal  stem  are  marked  by  crenated  ridges 
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arranged  in  a  flonform  manner,  each  petaloid  sector  having  from  five 
to  eight  large  teeth  at  the  sides.  There  are  only  three  radials,  and  the 
arms  rarely  divide  more  than  thrice.  The  genus  Metacriniis,  only  known 
by  living  forms,  differs  from  Pentacrinus  chiefly  in  the  possession  of 
from  four  to  six  radials,  the  characters  of  the  joint-faces  being  the  same 
in  both  genera.  Lastly,  the  Mesozoic  genus  Extracrinus  (fig.  290)  is 
separated  from by  the  possession  of  a  ring  of  underbasals, 
and  by  the  much  more  frequent  subdivision  of  the  arms.  The  faces  of 
the  stem-joints  in  this  genus  are  also  different,  the  petaloid  sectors  being 
linear,  and  having  delicately  crenulated  edges.  In  all  three  genera  the 
visceral  mass  is  surrounded  by  a  plated  perisome,  which  unites  the  lower 
part  of  the  rays  and  arms. 


Family  9.  Marsupitidce. — This  family  comprises  free  Crinoids, 
in  which  the  larval  peduncle  is  lost  in  the  adult.    A  "centro- 

dorsal "  plate  is  present,  but  this  does  not 
bear  cirri.  The  calyx  may  be  monocyclic 
or  dicyclic,  and  there  are  no  definite  in- 
terradial  plates.  The  only  genera  in- 
cluded in  this  family  are  Marsupites  and 
Umtacrinus,  both  of  which  are  confined 
to  the  Cretaceous  period. 

The  genus  Marsupites  comprises  the  so- 
called  "  Tortoise  -  encrinites  "  of  the  Chalk, 
and  is  characterised  by  the  possession  of  a 
globular  calyx,  composed  of  large  thin  plates, 
canying  bifurcated  uniserial  arms.  The  calyx 
is  dicyclic,  the  underbasals,  five  in  number, 
surrounding  a  central  pentagonal  plate,  which 
has  usually  been  regarded  as  an  enlarged  top 
stem-joint  ("  centrodorsal ").  There  is,  how- 
ever, reason  to  think  that  it  is  rather  homol- 
ogous with  the  suranal  plate  of  Salenia,  and 
therefore  a  "  dorsocentral "  plate.  There  are 
five  basals  and  three  rows  of  radials,  but  regular  interradials  are  not 
developed.  The  ventral  surface  of  the  calyx  is  vaulted,  and  covered 
with  small  calcareous  plates  ;  and  the  anus  is  sub-central.  The  genus 
Uintacrimcs  resembles  Marsupites  in  its  general  form,  and  in  the  pos- 
session of  a  pentagonal  "centrodorsal"  (?)  which  does  not  carry  cirri. 
On  the  other  hand,  the  globular  calyx  is  monocyclic,  and  there  are  ten 
arms,  the  bases  of  which  are  united  laterally  by  numerous  perisomic 
plates,  as  in  the  Pentacrinidce. 

Family  10.  ComatulidcR. — This  family  of  Crinoids  comprises  the 
"  Feather-stars," 'all  of  which  (except  Thiolliericrinus)  lose  the  larval 
peduncle,  and  are  therefore  free  in  the  adult  condition  (fig.  284). 
The  base  of  the  calyx  is  closed  by  a  "  centrodorsal "  plate  (fig. 
285,  cd\  which  represents  the  enlarged  top  stem-joint,  and  upon 
which  jointed  cirri  are  developed.  The  calyx  is  apparently  "  mono- 
cyclic," but  underbasals  have  recently  been  discovered  in  the  larva 


Fig.  315.  —  Side-view  of  the 
calyx  and  bases  of  the  arms  of 
MarstMtes  omatus,  from  the 
Chalk. 
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of  the  Rosy  Feather-star,  and  there  are  grounds  for  bdieving  that 
great  sue,  however  and  f^^^^^^ 

Z^C^n,  Xed-'S  a  smaU  "'OS,^^^ 
between  the  centrodorsal  and  the  primary  radials  In  Ate/ecnnus 
^rkau^nafocrinus,  however,  and  in  most  fossd  Comafu^^  the 
bis-ils  nersist  and  are  visible  externally.  There  are  three,  or, 
?ardy  "w  Cycles  of  radials;  and,  except  in  TAau..a^ocnnus  de- 
finitJ  calyx-interradials  are  not  developed.  There  .are  Ave  °rte" 
arms,  which  are  either  simple  or  more  or  less  divided.  A  large 
number  of  living  forms  of  the  "  Comafulcs"  are  known,  with  a 
very  wide  range  in  space.  As  regards  their  distribution  in  time, 
the  earliest  types  of  the  Feather-stars  are  found  in  the  Jurassic 


p.  H.  Carpenter.) 

rocks  (Antedon,  Actinometra,  &c.),  and  there  are  also  various  Cre- 
taceous and  Tertiary  types.  The  parts  most  commonly  preserved 
in  a  fossil  condition  are  the  centrodorsal  plate  and  radial  penta- 
gon (fig.  316);  and  upon  remains  of  this  nature,  before  their 
true  character  was  understood,  the  generic  name  of  Solanocriniis 
("  Glenotremites ")  was  founded.  The  names  of  Allionia,  Gany- 
meda,  &c.,  were  also  based  upon  the  isolated  centrodorsals  of 
fossil  Co77iatulce. 

The  extensive  genus  Antedon  possesses  a  central  or  subcentral  mouth 
and  ten  or  more  arms,  while  the  basals  of  the  recent  species  form  a 
"  rosette,"  and  are  invisible  externally.  The  earliest  fossil  species  appear 
in  the  Lias.  Eudiocriniis  resembles  Antedon,  but  has  only  five  arms. 
The  genus  is  represented  by  a  single  Cretaceous  form,  but  living  types 
are  known.  Actinometra  differs  from  Antedon  in  the  fact  that  the 
mouth  is  excentric  or  marginal  in  position.  The  genus  ranges  from  the 
Jurassic  period  to  the  present  day.  Lastly,  in  the  Jurassic  and  Creta- 
ceous genus  Thiolliericrinus,  the  centrodorsal  plate  exhibits  a  cavity 
which  is  usually  filled  by  the  first  joint  of  the  persistent  stem,  the  lower 
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joints  of  which  are  dice-box-shaped.  The  genus  has  therefore  been 
compared  to  an  Antedon  with  a  Bourgueticrimis  stem. 

Family  ii.  Saccocomidce. — This  remarkable  family  comprises  only 
the  single  genus  Saccocoma,  which  is  represented  by  one  species 
{S.  pedinata,  fig.  317)  only,  from  the  Upper  Jurassic  rocks  (Litho- 


Fig.  317. — Saccocovta  pectinata,  from  the  Upper  Jurassic  of  Bavaria.    The  left-hand  figure 
shows  the  complete  organism,  with  the  arms  inrolled. 


graphic  Slates)  of  Bavaria.  In  this  singular  genus,  the  organism  is 
free,  the  larval  peduncle  being  evanescent.  The  calyx  is  composed 
of  a  single  minute  basal  supporting  a  cycle  of  five,  thin,  closely 
united  radials,  ornamented  externally  with  ten  radiating  ribs, 
and  the  ventral  surface  is  occupied  by  five  oral  plates.    There  are 
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u-  u  hffnrcate  once,  and  have  the  power  of  rolHng 
five  arms,  which  bifurcate  one  .  ^  Hyocrinus, 

up     The  arms  carry  a  fe^^  o^^^^^^^^  The  skeletal 

and  possess  small  ^"^^^^'^^7.7^.^  being  dense,  but  in  having  a 
tissue  is  throughout  peculiar  m  not  bemg  ^^^^^^^^^^^ 

tolerably  loose  ^-^^^^^^ ^^Zi  placed  by  Muller  in  a  separate 

s:isronTSofd:^  ^p^^^^ 

APPENDIX. 

Since  the  preceding  pages  we-  written  some  im^^^^^^^^^ 
have  been  made  respecting  the  nature  c)f  the  venuai  co        g      ^.^^  ^^^^ 
and  Taxocrinus,  the  latter  ^^nu   having  a  plated  m^^^  surrounded 
of  a  Neocrinoid  with  "P-  arnb^la  ra  a^^^  ^^^^^ 
by  five  oral  plates    There     "  "^^^'^J'^j^^ition  :  while  Encrinus  proves 
T"^^  '^^^^^^^^^^  Z'./../.../--^-,  such  as 

Erisocrinus  ^xiA  Stemmatocrtnus  possible  to  regard  the 

,he  names  may  be  '/"irand  the  y^ng^^^^^ 

something  like  the  following  scheme. 

Order  I.  Coadunata. 
Crinoids  in  which  the  interradials,  where  present,  are  incorporated  into 
the  ?alvf  the  at  er  generally  also  including  the  higher  radia  s,  which  aie 
LovSiy  S^^^^^^^^^^  by  suture  ;  while  an  anal  system  /^^f.^^^lXiU 
mouth  and  ambulacra  are  subtegmmal,  the  centre  of  the  vault 
beingTupied  by  five  oral  plates,  and  the  arms  are  usually  bisenal. 

Sub-order  I.  Camerata.  .      ^,        •  -j 

Families-ActinocrinidEe,  Rhodocrinidse  Reteocnnidas,  .Glyptocrinid^. 
Melocrinidffi,  PlatycrinidEe,  Hexacrinid^,  Barrandeocnmdcne,  Calypto- 
crinidse. 

Sub-order  II.  Reticul.ata. 
Family — Crotalocrinidse. 

Order  II.  Inadunata. 

Crinoids  in  which  the  arms  are  free  from  the  first  radials.  The  calyx 
generally  has  an  anal  side,  and  frequently  a  dicyclic  base.  Interradiais 
may  or  may  not  be  present.  The  mouth  may  be  concealed  beneath  an 
oral  pyramid,  or  in  the  centre  of  a  plated  disc  with  open  ambulacra. 

Sub-order  I.  Larviformia.  — Interradial  and  anal  plates  rarely 
present.  Base  monocyclic  :  arms  uniserial.  Ambulacra  closed,  and 
mouth  concealed  by  an  oral  pyramid. 
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Families— HaplocrinidEe,  Symbathocrinidae,  Cupressocrinids,  Gastero- 
comidae.  ' 

Sub-order  II.  Fistulata.— Interradial  and  anal  plates  generally 
well  developed.  Base  usually  dicyclic,  and  arms  often  biserill.  Oral 
plates  generally  reduced,  and  the  calyx  covered  by  a  plated  perisome 
which  often  bears  open  ambulacra.  The  posterior  interradius  may  be 
greatly  developed  to  form  the  ventral  sac  or  anal  proboscis. 

Families— Hybocrinid£e,  Heterocrinidas,  Anomalocrinida;,  Belemno- 
cnnidas,  Cyathocrinidae,  Poteriocrinidse,  Encrinids,  Astylocrinidce 
CatillocrinidEe,  Calceocrinidae.  ' 

Order  III.  Articulata. 

Crinoids  in  which  the  higher  radials  are  more  or  less  movably  articu- 
lated on  one  another,  though  often  united  laterally  by  the  plated  perisome 
of  the  disc.  The  ambulacra  are  generally  open  and  the  mouth  exposed, 
though  often  surrounded  by  oral  plates.  Interradial  and  anal  plates 
rarely  present :  arms  uniserial. 

Sub-order  I.  Impinnata. 
Family — Ichthyocrinidag. 

Sub-order  II.  Pinnata. 

Families— PentacrinidEe,  Comatulidas,  Apiocrinidae,  Bourgueticrinids, 
Eugeniacrinidas,  Holopidas,  Marsupitidje,  Plicatocrinidse,  Hyo- 
crinidas,  Saccocomidas. 
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CHAPTER  XXVI. 

PELMA  TOZOA — continued. 

CYSTOIDEA    AND  BLASTOIDEA. 

Class  II.  Cystoidea. 

The  Cystideans  are  an  extinct  group  of  Echinoderms  in  which  the 
body  (or  "  calyx  ")  is  spherical  or  ovate,  and  is  enclosed  in  a  case  com- 
posed of  more  or  fewer  calcareous  plates,  which  are  usually  imited  by 
suture  but  irregularly  arranged,  and  do  not  exhibit  perfect  radial  sym- 
metry. The  plates  of  the  calyx  are  in  general  pierced  by  more  or  less 
numerous  pores,  which  probably  communicated  with  internal  organs, 
and  which  may  be  regarded  as  almost  certainly  connected  with  the 
function  of  respiratio7i.    A  jointed  column  may  be  present  or  absent. 


Fig.  zxi.—Hemiscosmites  pyriformis,  one  of  the  Cystideans.    The  right-hand  figure 
shows  the  upper  surface  of  the  calyx. 

The  upper  surface  of  the  calyx  usually  shows  radiating  ambulacral 
grooves,  a  central  oral  aperture,  and  a  lateral  anal  (?)  opening,  with 
sometimes  a  small  ovarian  (?)  opening.  Arms  are  imperfectly  developed, 
or  may  be  ivanting. 

In  general  form  the  Cystideans  are  globular,  oval,  pear-shaped, 
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conical,  or  subcylindrical,  and  they  generally  resemble  the  Crinoids 
in  consisting  of  a  stem  or  "  column  "  and  a  body  or  "  calyx."  The 
stem  IS  sometimes  long  (as  in  Caryocrinus);  but  it  is  usually  feebly 
developed,  and  often  attenuated  towards  its  base,  sometimes  ter- 
minating in  a  single  long  spindle-shaped  piece  {Lepadocrinus,  fig. 
326,  d),  in  which  case  it  probably  did  not  serve  as  an  organ  of 
attachment.  In  other  cases  the  stem  is  rudimentary  (as  in  Echiiio- 
spharites)  or  it  may  be  even  absent  altogether,  the  organism  being 
then  mostly  attached  to  foreign  objects  by  the  base  of  the  calyx,  or 
rarely,  free.  ' 

The  calyx  is  composed  of  a  number  of  polygonal  plates,  which 
usually  exhibit  no  marked  radial  disposition,  though  they  are  some- 
times of  limited  number  and  arranged  according  to  a  definite  plan. 
In  other  cases  the  calyx-plates  are  indefinite  in  number  and  ar- 
rangement;  and  in  some  forms  the  number  and  arrangement  of 
the  plates  may  be  definite  on  one  side  of  the  calyx  and  indefinite 


Fig.  319. — Upper  surface  of  the  calyx  of  ClypiosphiBrites  Leuchtenbergi,  from  the  Ordovician 
rocks  of  Russia.  «z,  Mouth,  covered  by  the  oral  plates ;  am,  Ambulacral  grooves  ;  p,  Socket  for 
one  of  the  armlets  ;  ati,  Anus,  without  its  covering-plates ;  0,  Supposed  ovarian  aperture. 


on  the  other.  The  base  of  the  calyx  is  usually  readily  recognised 
by  the  presence  of  the  articular  surface  for  the  top  joint  of  the 
stem,  or  by  being  fixed  to  some  foreign  object ;  and  the  upper  sur- 
face generally  shows  two  or  three  openings,  the  nature  and  functions 
of  which  have  been  much  disputed.  One  of  these  openings  is 
central  or  subcentral  in  position  (319,  m),  and  is  often  protected  in 
well-preserved  specimens  with  a  covering  of  five  small  plates,  repre- 
senting the  orals  of  the  Crinoids,  while  it  forms  the  point  of  con- 
vergence of  from  two  to  five,  simple  or  branched  grooves  which  run 
over  the  ventral  surface  of  the  calyx  {ani).  These  grooves  clearly 
correspond  to  the  "  ambulacral  grooves  "  or  "  food-grooves  "  of  the 
Crinoids,  and  there  can  therefore  be  no  doubt  that  the  aperture  in 
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question  is  the  mouth.  A  second  aperture  (fig.  319,  a?i)  is  placed 
excentrically,  usually  on  the  upper  surface  of  the  calyx,  and  in  good 
specimens  is  furnished  with  five  or  six  triangular  calcareous  plates, 
which  are  arranged  to  form  a  sort  of  cone  or  "  valvular  pyramid," 
and  which  serve  for  the  closure  of  the  opening.  It  is  not  neces- 
sary to  discuss  the  various  views  which  have  been  put  forward  as 
to  the  functions  of  this  orifice,  but  there  is  every  reason  to  believe 
that  it  is  really  the  anus.  In  many  cases  there  is  a  third  opening, 
which  is  always  of  small  size  and  always  placed  near  the  mouth 
(fig.  319,  0).  This  aperture  has  been  commonly  regarded  as  being 
of  the  nature  of  an  "  ovarian  "  aperture  or  genital  pore. 

In  well-preserved  examples,  the  upper  surface  of  the  calyx  com- 
monly exhibits  simple  or  branched  grooves  (fig.  319,  am),  which 
radiate  from  the  mouth,  and  obviously  are  of  the  nature  of  "ambu- 
lacral  grooves  "  or  "  food-grooves."  In  some  cases,  as,  for  example, 
in  Callocystites  (fig.  320)  and  in  Lepadocrinus 
(fig.  326,  c),  the  ambulacral  groove  is  bordered 
on  each  side  with  a  row  of  delicate  jointed 
pinnulse,  which  are  also  grooved  on  their  ventral 
faces.  In  such  cases,  the  ambulacral  grooves 
may  be  looked  upon  as  representing  recumbent 
arms  which  have  become  soldered  down  to  the 
surface  of  the  calyx.  In  cases  where  the  am- 
bulacral groove  is  bordered  by  a  single  row  of 
pinnules,- the  arm  may  be  supposed  to  be  fast- 
ened down  to  the  calyx  by  one  of  its  sides 
instead  of  by  the  dorsal  surface.  In  other 
Cystideans  the  upper  surface  of  the  calyx  ex- 
hibits irregularly  scattered  articular  facets,  which, 
in  the  perfect  condition,  served  for  the  attach- 
ment of  small  unbranched  jointed  filaments. 
These  may  be  regarded  as  of  the  nature  of 
"armlets"  or  simple  arms,  rather  than  as  pinnulee.  They  are 
seen  in  such  genera  as  Glyptospharites  (fig.  319,  /),  Caryocrmus 
(fig.  326,  a),  and  Pleurocystites  (fig.  326,  b),  and  they  can  be  some- 
times shown  to  possess  a  ventral  groove,  which  is  provided  with 
small  calcareous  covering-plates.  Lastly,  in  the  genus  Comarocystites 
there  are  four  free  arms,  which  differ  from  the  structures  just  spoken 
of,  and  agree  with  the  arms  of  the  Crinoids  generally,  in  being  pro- 
vided with  lateral  pinnse. 

In  some  forms  of  the  Cystideans  {Cryptocrinus,  Malocystites,  &c.) 
the  plates  of  the  calyx  appear  to  be  completely  imperforate.  In  the 
majority  of  cases,  however,  the  walls  of  the  calyx  are  more  or  less 
extensively  perforated  by  pores  or  fissures,  which  usually  open 
directly  on  the  outer  surface  of  the  body,  but  are  in  other  cases 
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Fig.  320. — Side-view  of 
the  calyx  of  Callocystites 
Jewcttii,  from  the  Silu- 
rian of  North  America, 
showing  the  ambulacral 
grooves  (r)  and  the  ori- 
gins of  the  pinnules  on 
the  sides  of  these. 
Pore  -  rhombs.  (After 
Hall.) 
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closed  by  an  exceedingly  thin  calcareous  membrane,  while  they  in- 
variably traverse  the  entire  thickness  of  the  plates.  Their  arrange- 
ment differs  much  in  different  types  of  the  Cystideans,  and  they 
afford  therefore  important  evidence  in  classification.  In  certain 
forms  (such  as  Glyptospharites^  Gomphocystites,  &c.)  the  pores  are 
conjugate,  or  are  united  in  pairs,  the  individual  plates  possessing 


ABC 


Fig.  321. — A,  Part  of  the  calyx  of  Eocystiies  ?  Isngidactj/lus,  from  the  Cambrian  rocks  of  North 
America,  enlarged,  showing  pores  passing  between  adjoining  plates  ;  B,  Plate  of  Glyptosplusrites 
Leuchtenbergi,  enlarged,  showing  double  pores ;  c,  Plate  of  EchinospharUes  aurantium,  show- 
ing diffused  pore-rhombs,  enlarged,  from  the  Ordovician  rocks  of  Russia,  (a  is  after  Walcott.) 

several  of  such  pairs  (fig.  321,  b).  In  other  forms,  the  pores  are 
arranged  in  rows,  a  row  on  one  plate  being  united  by  grooves  or 
fissures,  sometimes  on  the  exterior  of  the  calyx  or  at  other  times 
on  its  interior,  with  a  corresponding  row  on  an  adjoining  plate. 
These  rows  of  connected  pores  (fig.  322)  are  arranged  so  as  to  form 
lozenge-shaped  or  rhombic  figures  ;  in  such  a  manner  that  one-half  of 


Fig.  322.— A,  Pore-rhomb  of  Glyptocystites  viultiporus  (Billings);  b.  Pore-rhomb  of  Pleura- 
cystitcs  (BiWmgs);  c,  Two  plates  of  Callocystites  yewettiiQiaX\),  showing  the  pore-rhombs  (/). 
All  enlarged. 

each  rhomb  belongs  to  one  plate  and  the  other  half  to  its  contiguous 
neighbour,  while  the  grooves  connecting  the  two  component  rows  of 
pores  pass  across  the  Hne  of  suture  between  the  two  plates,  either 
externally  or  internally.  In  some  types,  as  in  Echinosphcerites  (fig. 
321,  c)  and  Caryocystites,  these  "pore-rhombs"  are  very  numerous, 
and  are  present  upon  nearly  all  the  plates  of  the  calyx.    In  other 
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cases  (as  in  Caryocrinus  and  Hemicosmites)  they  are  only  developed 
,on  the  side-walls  of  the  calyx,  and  are  absent  from  its  upper  surface. 
In  other  cases,  again,  as  in  Pleurocystites  (fig.  326,  b)  or  Callocystites 
(fig.  322,  c),  the  pore-rhombs,  or  "pectinated  rhombs,"  as  they  have 
been  often  termed,  are  comparatively  few  in  number,  and  their 
component  halves  not  only  stand  on  contiguous  plates,  but  may  be 
separated  externally  by  an  interval. 

It  would  seem  extremely  probable  that  the  differences  in  the  form 
and  arrangement  of  the  pores  in  different  groups  of  Cystideans, 
which  have  been  pointed  out  above,  are  really  an  indication  of  a 
fundamental  difference  in  the  nature  and  function  of  these  structures. 
In  those  Cystideans  which  possess  "pore-rhombs"  {Rhombiferi), 
there  seems  no  reason  to  doubt  that  these  structures  were  connected 
with  internally-placed,  folded  tubes  similar  to  the  "  hydrospires  "  of 
the  Blastoids,  and  that  they  acted  as  respiratory  organs.  On  the 
other  hand,  it  has  been  suggested  by  Loven,  with  much  probability, 
that  the  linked  pores  of  Glyptospharites  and  its  allies  {DiploporitidcB) 
were  connected  with  the  ambulacral  system,  and  that,  like  the  pores 
in  the  test  of  the  Urchins,  they  were  occupied  by  pedicels.  On 
this  view,  "  hydrospires  "  are  wanting  in  the  types  in  question,  and 
the  function  of  respiration  would  be  discharged  by  the  tube-feet. 
If  this  suggestion  be  accepted,  the  Diploporous  Cystoids  would  be 
comparable  to  the  Sporadiporous  Holothurians  or  to  such  Urchins 
as  Melonites.  They  would,  however,  differ  from  the  Urchins  gener- 
ally in  the  want  of  definite  radial  symmetry  in  the  plates  of  the 
test,  and  also  in  the  fact  that  the  pores  for  the  tube-feet  per- 
forate the  plates  of  the  interambulacral  areas,  instead  of  being  con- 
fined to  the  ambulacral  areas  only.^  The  Cystoids  {Aporitidce) 
in  which  neither  pores  nor  "  pore-rhombs "  are  developed,  occupy 
a  dubious  position  from  a  systematic  point  of  view.  They  differ 
widely  from  the  preceding  groups  in  some  respects,  and  it  is  pos- 
sible that  they  may  ultimately  find  a  place  elsewhere. 

As  regards  their  distribution  in  time,  the  Cystideans  are  not  only 
wholly  extinct,  but  they  are  entirely  restricted  to  the  Palaeozoic 
period,  ranging  from  the  Cambrian  period  to  the  Carboniferous 
Limestone,  but  attaining  their  maximum  of  development  in  deposits 
of  Ordovician  age.  The  few  Cambrian  forms  which  have  hitherto 
been  detected  are  only  known  from  imperfect  examples,  and  their 
precise  structure  is  incompletely  understood.  Upon  such  remains 
have  been  founded  several  genera  {Eocystites,  Trochocystites,  Proto- 
cysiites,  &c.),  but  these  do  not  at  present  admit  of  precise  definition. 

^  In  such  Urchins  as  Scutella  (fig.  240)  the  branches  of  the  ambulacral  grooves 
on  the  actinal  surface  extend  into  the  interambulacral  regions,  and  are  lined  by 
mmute  tube-feet,  while  in  Echiiianthiis  there  are  isolated  "locomotive"  pores 
scattered  over  many  of  the  interambulacral  plates. 
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In  one  of  these  ancient  types,  from  the  Cambrian  rocks  of  North 
America,  which  Mr  Walcott  has  doubtfully  referred  to  the  genus 
Eocystites,  there  appears  to  be  the  exceptional  character  that  the 
pores  are  formed  by  the  apposition  of  corresponding  indentations  in 
the  edges  of  contiguous  plates  (fig.  321,  a).  In  the  Ordovician 
series,  and  particularly  in  strata  of  Llandeilo-Bala  age,  the  remains 
of  Cystideans  are  sometimes  abundant,  and  the  group  attains  here 
its  maximum.  In  the  Silurian  period  Cystideans  are  less  abundant, 
and  in  the  Devonian  formation  only  very  few  forms  {Tiaracrijius, 
Ateleocystites,  Strobilocystites,  &c.)  are  known  to  occur.  Lastly,  if 
Cadaster  be  removed  to  the  Blastoids,  the  group  of  the  Cystideans 
is  chiefly  represented  in  Carboniferous  deposits  by  the  aberrant 
genus  Agelacrinus. 

As  regards  their  classification,  the  Cystideans  may  be  conveniently 
divided  into  the  three  orders  of  the  Aporitidce,  Diploporitida,  and 
Rhombiferi,  according  as  the  calycine  plates  are  imperforate,  are 
pierced  by  yoked  pairs  of  pores  indiscriminately  distributed,  or 
have  their  pores  arranged  in  "  pore-rhombs  " ;  and  the  characters 
and  principal  genera  of  these  three  groups  may  be  very  briefly 
glanced  at  here. 

Order  i.  Aporitidce. — In  this  group  are  comprised  all. those 
Cystideans  in  which  the  calyx-plates  are  destitute  of  pores.  Of  the 
genera  of  this  group  Cryptocrinus  (fig.  325,  b)  has  a  globular  calyx, 
composed  of  comparatively  few  plates  arranged  in  a  tolerably  definite 
manner,  there  being  three  basals,  succeeded  by  two  cycles  of  pen- 
tagonal plates.  The  central  mouth  is,  in  perfect  specimens,  covered 
by  a  vault  of  small  calcareous  plates,  and  the  laterally  placed  anus 
is  provided  with  a  "valvular  pyramid."  The  stem  and  arms  are 
unknown,  and  the  genus  is  confined  to  the  Ordovician  rocks. 
Maiocystites,  from  the  Ordovician  deposits  of  Canada,  possesses  an 
indefinite  number  of  plates  in  the  calyx,  and  the  mouth  is  excentric, 
and  is  surrounded  by  radiating  ambulacral  furrows.  In  Anomalo- 
cystites  {=Ateleocystites,  Billings)  the  calyx  is  also  composed  of  an 
indefinite  number  of  plates,  which  are  ornamented  with  transverse 
strise.  One  side  of  the  calyx  is  convex,  while  the  other  is  flat  or 
concave,  and  the  summit  is  provided  with  deHcate  armlets  or  pin- 
nulce.  The  species  of  this  genus  range  from  the  Ordovician  to  the 
Devonian.  The  most  remarkable  type  of  the  imperforate  Cysti- 
deans, however,  is  that  presented  by  Agelacrimis  and  Edrioaster, 
which  have  sometimes  been  regarded  as  constituting  a  special 
family  {Agelacri?iid(e).  In  the  genus  Agelacrimis  (including  Jlemi- 
cystites,  Hall)  the  body  (fig.  323.  a)  is  in  the  form  of  a  depressed 
or  convex  disc,  attached  by  the  whole  of  its  under  surface  to 
some  foreign  body,  and  therefore  devoid  of  a  peduncle.  The 
upper  or  ventral  surface  of  the  disc  is  covered  with  numerous 
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.mill  calcareous  plates,  which  may  or  may  not  overlap  in  an 
■Mc^^g^nel  and  exhibits  in  its  centre  the  openmg  of  he 
"outh,  protected      four  "oral"  plates    Rad.atmg  from  th  n  o^^^^ 
are  five  curved  ambulacral  grooves,  and  m  one  of  the  interradial 
spaces  is  situated  the  opening  of  the  anus  (.),  protected  by  a 
"  pyramid  "  of  calcareous  plates. 
The  species  of  Agelacrinus  are 
found  in  the  Ordovician,  Silu- 
rian, Devonian,  and  Carbonifer- 
ous rocks.    The  genus  Edrio- 
aster  (fig.  323,  b).  ^0"^  the  Or- 
dovician rocks,  agrees  in  most 
of  its  general  characters  with 
Agelacrimis,  but  the  ambulac- 
ral grooves  are  furnished  with 
a  double  row  of  pores  on  each 
side. 

Order  2.  DiPLOPORixiDiE. 
— In  the  Cystideans  which  are 
included  in  this  group,  the 
pores  are  linked  or  united  in 
pairs,  and  the  individual  calyx- 
plates  are  pierced  by  several  of 
such  pairs  (fig.  321,  b).  There 
is,  as  before  pointed  out,  much 
probability  in  the  view  put 
forth  by  Loven,  that  the  yoked 
pores  of  the  Diploporitidce 
served  for  the  passage  of  tube- 
feet,  and  that  they  thus  differ 
in  their  real  nature  from  the 
"pore-rhombs"  of  the  Rhom- 
biferous  Cystoids.    If  this  view 

be  correct,  the  present  group  is  

,         ,  .     1  r         1     ^1-     Ordovician  (after  Hall).    B,  Upper  surface  of  an 

very  sharply  separated  from  bOttl    imperfect  specimen  ofEdrioaster  Bigsbyi,  of  the 

the  other  groups  of  Cystoids.      ^^enure.'"'"  ^"""s^^- 

As  the  type  of  the  Diplopo- 
ritidce,  the  Ordovician  genus  Glyptosphcerites  may  be  taken,  in  which 
the  globular  calyx  (fig.  319)  is  composed  of  numerous  polygonal 
plates,  each  of  which  is  perforated  by  a  larger  or  smaller  number  of 
conjugate  pores;  The  mouth  is  central,  and  is  covered  by  five  oral 
plates,  while  converging  to  it  are  five  branching  ambulacral  grooves, 
at  the  terminations  of  which  are  the  articular  facets  to  which  the 
armlets  or  pinnulge  were  attached.  On  one  side  is  the  compara- 
tively large  opening  of  the  anus,  and  between  the  two  is  a  small 


Fig.  323. — A,  Upper  surface  ot  Agelacrinus  Cin- 
cinnatiensis,  enlarged  two  and  a  half  diameters. 
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aperture  which  has  been  usually  regarded  as  a  genital  pore  The 
calyx  was  furnished  with  a  stem  composed  of  thin  annular  joints 
Ihe  genus  Sphceronites,  also  Ordovician  in  its  range,  is  allied  to 

the  preceding  in  several  points,  but  there 
was  no  stem,  and  the  calyx  was  adherent 
by  its  base  to  foreign  bodies.  In  the 
Silurian  genus  Gomphocystites  (fig.  324)  the 
calyx  has  a  very  peculiar  shape,  being 
pyriform,  very  narrow  below,  and  inflated 
at  its  summit.  The  calyx-plates  are  in 
numerous  cycles,  and  have  superficial 
granules,  along  with  yoked  pores.  The 
mouth  is  central,  and  is  surrounded  by 
five  spirally  wound  ambulacral  grooves. 
In  Holocystites,  again,  the  calyx  (fig.  325, 
f)  is  long  and  subcylindrical,  and  is  com- 
posed of  six  or  more  ranges  of  hexagonal 
or  polygonal  plates.  The  mouth  is  cen- 
tral, and  the  calyx  was  furnished  with 
a  short  stem,  or  was  sessile.  The  genus  is 
found  in  the  Silurian  rocks  of  North 
America  and  Europe. 

Order   3.   Rhombiferi. — The  Cysti- 
deans  included  in  this  order  are  charac- 
oPi^lt{;^ThZ,%Ztfics  ^^"^^d  by  the  possession  of  pores  ar- 
°(  the  natural  size,  from  ranged  in  rows,  Corresponding  rows  in 

the  biiunan  (Niagara  Limestone)       j-    •    •  i  i     •  , 

of  North  America.  (After  Hall.)  acijoming  platcs  being  conuccted,  exter- 
nally or  internally,  by  grooves  or  slits 
which  cross  the  lines  of  suture  between  the  plates.  The  pores  are 
thus  arranged  in  groups,  which  are  usually  more  or  less  lozenge- 
shaped,  and  which  are  known  as  "pore-rhombs."  The  pore- 
rhombs  were  probably  connected  internally  with  organs  similar  to 
those  which  will  be  described  in  dealing  with  the  Blastoids  as 
"  hydrospires,"  and  their  function  seems  to  have  been  certainly 
respiratory. 

In  one  section  of  this  order  the  plates  are  indefinite  in  number, 
and  the  pore-rhombs  are  distributed  indifferently  over  the  whole 
calyx,  and  are  exceedingly  numerous.  A  good  example  of  this 
section  is  the  well-known  Ordovician  genus  Echi7iosphantes  (^g.  325, 
a),  in  which  the  calyx  is  of  large  size,  globular,  and  stemless,  its 
base  being  attached  to  foreign  bodies.  The  calyx-plates  are  very 
numerous,  polygonal,  with  pore-rhombs  on  every  side  (fig.  321,  c). 
At  the  apex  is  the  mouth,  and  the  anus  is  lateral  and  is  protected 
by  a  large  "  valvular  pyramid,"  while  a  small  ovarian  (?)  opening  is 
placed  between  the  two.    Caryocysfifes,  also  Ordovician,  is  nearly 
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.elated  to  ^u^.^^^^^^^^^^^^^^^^^ 

and  the  plates  are  ndged  or  stnated    AU  ed  gen^^^  ^^^^^  ^^^^^^^ 

'"in  a'second  group  of  the  Moml.^fen,  the  pore-rhombs  are  con- 
fined tone's  of'the  calyx,  and  the  ^VV^y^^^^^^^^^^^ 
imperforate  plates,  while  the  arrangement  of  the  calycme  plates 


h/rri  -  1  Echinoencrinus  (?)  armat«s ;  E,  One  of  the  "  pectinated  rhombs  of  the  last  enlarged  , 
I  Hol^cvsiiuTc^^^^  Valvular  anal  pyramid.    All  the  specimens  are  v^wed  from  one 

side    (A  B  and  c  are  after  voA  Buch  ;  d  is  after  Edward  Forbes  ;  and  F  is  after  Hall.) 


generally  is  to  a  greater  or  less  extent  radial.  A  good  example  of 
this  group  is  afforded  by  the  genus  Caryocrinus  (fig.  326,  a),  which 
is  widely  distributed  in  the  Silurian  rocks  of  North  America.  In 
this  genus  there  is  a  long  and  cylindrical  column,  which  carries  an 
ovoid  calyx,  the  upper  surface  of  which  exhibits  the  articular  facets 
to  which  free-jointed  armlets  or  pinnulse  were  attached.  The  lateral 
calyx-plates  show  externally  lines  of  pores  radiating  from  their  centres, 
and  an  internal  examination  shows  that  these"  pores  are  connected 
by  canals  into  pairs,  so  as  to  form  a  series  of  "  rhombs."  Hemicos- 
mites  (fig.  318)  is  an  allied  genus,  which  is  found  in  the  Ordovician 
and  Silurian  deposits  of  Europe. 

Finally,  in  a  third  group  of  the  Rhomhiferi  are  included  forms  in 
which  the  calyx-plates  are  generally  more  or  less  definite  in  number, 
and  more  or  less  clearly  arranged  in  a  quinary  manner,  while  the 
"  pore-rhombs  "  are  limited  in  number,  and  are  often  so  disposed  that 
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he  component  halves  of  each  are  separated  externally  by  an  interval 
(ng  322,  c).  Of  the  more  important  genera  of  this  group,  Pkuro- 
O'^///..  IS  remarkable  in  having  the  perisomatic  plates  on  {he  dorsal 
side  of  the  calyx  large  and  definitely  arranged,  while  those  of  the 
ventral  side  are  numerous  and  indefinite.  The  summit  of  the  calyx 
carries  two  jointed  armlets  (fig.  326,  b),  and  there  are  three  "pore- 
rhombs,  or,  as  these  structures  were  termed  by  Edward  Forbes 
"  pectinated  rhombs."  The  genus  is  found  in  the  Ordovician  rocks 
ot  Canada.  In  the  Ordovician  genus  Echinoencritius  (fig  32c  c) 
the  calyx  is  composed  of  four  series  of  plates,  there  being  four  bas'als. 


Fig.  326.— A,  Caryocrinus  ornatus:  a,  Column;  b,  Calyx;  c,  Scars  where  pinnulas  were 
attached ;  d,  Valvular  pjn-amid.  d,  Pleurocystites  squainosus  (dorsal  side) :  /  p.  Two  of  the 
pore-rhombs,     c,  Lejiadocrinus  (Pseudocrinus)  bifascialus.    D,  Lepadocrinus  Gebhardi. 


and  five  plates  in  every  cycle  above  this.  There  are  three  "  pectin- 
ated rhombs,"  and  the  anal  opening  is  of  large  size  and  is  placed  on 
one  side.  The  Silurian  Cystideans  referred  to  this  genus  by  Edward 
Forbes  under  the  names  of  E.  baccatus  and  E.  armaUis  (fig.  325,  d) 
differ  in  some  important  points  from  the  type  of  Echinoencrinus. 
Glyptocystites,  of  the  Ordovician  rocks  of  America  and  Europe,  is 
allied  to  the  preceding,  but  possesses  nun*ierous  "  pore-rhombs  "  (ten 
to  twelve  in  number),  no  other  genus  of  this  section  having  more 
than  three  or  four  of  these  organs.  In  Lepadocrinus — with  which 
Zittel  unites  Pseudocrmus  and  Apiocystites — the  calyx  is  ovoid,  more 
or  less  quadrangular,  with  a  long  stem,  which  becomes  attenuated 
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below  or  ends  in  an  elongated  and  pointed  ossicle  (fig.  326,  d). 
The  mouth  is  central,  and  there  are  two  or  four  ambulacral  grooves, 
which  in  well-preserved  examples  are  bordered  by  short  pmnu  es 
(her  326  c).  The  anus  is  excentric,  and  is  furnished  with  valvular 
plates,  and  there  are  three  reniform  or  triangular  pore-rhombs.  The 
genus  is  principally  Silurian.  Lastly,  in  Callocystites,  as  in  the  pre- 
ceding genus,  the  calyx  consists  of  four  zones  of  plates,  of  which  the 
lowest  consists  of  four  basals.  The  mouth  is  central,  and  there  are 
five  ambulacral  grooves  (fig.  320),  which  are  bordered  by  well-devel- 
oped pinnules.  The  anus  is  excentric,  and  there  are  four  pectinated 
rhombs.  The  species  of  Callocystites  are  found  in  the  Silurian  rocks 
of  North  America. 


Class  III.  Blastoidea. 

This  class  includes  extinct  Echinoderms  in  which  the  body 
{"■calyx")  is pyriform,  clavate,  ovate,  or  globular,  and  is  attached  by 
a  short  jointed  peduncle,  which  is  in  some  cases  wanting.  The  calyx 
exhibits  complete  radial  symmetry,  and  is  enclosed  in  a  covering  of 
suturally  united  calcareous  plates,  consisting  of  basals,  radials,  and 
ititerradials.  The  upper  sicrface  exhibits  five  ambulacral  areas, 
usually  of  a  more  or  less  petaloid  shape,  which  radiate  from  the 
mouth,  the  latter  being  superior  and  central,  and  being  concealed  by  a 
covering  of  small  calcareous  plates,  some  of  zvhich  represent  the  "  orals  " 
of  the  Crifioids,  while  the  ambulacral  grooves  are  protected  by  a  double 
row  of covering-plates."  Small  joi?ited  appendages  or  "pinnules" 
are  attached,  in  a  single  or  double  row,  to  the  sides  of  the  ambulacral 
fields,  but  no  true  arms  are  present.  "  Hydrospires,"  opening  by  five 
or  ten  apertures  round  the  mouth  or  by  interradial  fissures,  are  present, 
but  are  limited  to  the  radial  and  interradial  plates,  never  extending  on 
to  the  basals. 

The  Blastoids  form  a  peculiar  group  of  Palaeozoic  Echinoderms, 
in  which  the  body  is  generally  supported  by  means  of  a  short 
peduncle  composed  of  discoidal  joints,  though  in  some  cases  no 
stem  appears  to  have  been  present.  The  calyx  is  globular,  ovoid, 
clavate,  or  bell-shaped,  and  is  remarkable  for  its  regular  radial  sym- 
metry. Underbasals,  such  as  are  found  in  the  "  dicyclic  "  Crinoids, 
are  not  developed,  but  the  calycine  plates  consist  of  a  cycle  of 
basals,  a  row  of  radials,  and  a  circle  of  interradial  ("  deltoid  ")  plates. 
The  basals  (fig.  327,  a  and  328,  b)  are  three  in  number,  two 
being  comparatively  large  and  of  equal  size,  while  the  third  is  much 
smaller.  Following  the  basals  is  a  cycle  of  five  "  radials,"  which 
are  usually  of  large  size,  and  form  the  sides  of  the  calyx  (figs.  327 
and  328,  d).  The  radials  have  been  sometimes  spoken  of  as  the 
"  forked  plates,"  owing  to  the  fact  that  each  is  deeply  divided  or 
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incised  distally,  in  such  a  way  that  the  two  arms  of  the  plate 
enclose  the  lower  end  of  one  of  the  ambulacral  fields.  The  radials 
differ  from  the  corresponding  plates  of  the  Crinoids  in  the  import- 
ant fact  that  they  do  not  form  the  starting  point  for  a  crown  of 
"  arms."  Placed  towards  the  summit  of  the  calyx,  at  the  angles  of 
junction  of  the  radials,  are  five  triangular,  rhomboidal,  or  pen- 
tagonal interradial  plates,  which  have  commonly  been  spoken  of  as 
the  "  deltoids  "  (fig.  327,  a  and  b,  The  cycle  of  the  deltoids  is 
interrupted  by  the  ambulacra,  and  a  considerable  portion  of  their 
entire  area  may  be  hidden  from  view  beneath  the  adjoining  plates 


o 


Fig.  327.— Structure  of  Blastoids.  a,  Calyx  of  Pentrcmites,  dissected,  showing  the  basals  a>\ 
the  forked  radials  (of),  and  the  interradial  or  "deltoid"  plates  (0-  B,  Side-view  of  the  calyx 
°\  P'«-tremites  ccrvinus—t.\K<t  letters  as  before,  c,  Section  across  the  calyx  of  Granatocrinus 
elhptictis,  showing  the  hydrospires  cut  transversely  in  their  course  below  the  ambulacral  areas. 
D,  Section  across  one  of  the  ambulacral  areas  of  Pentremites  Godoni,  showing  the  compound 
nature  of  the  hydrospires,  enlarged.    (After  Hall  and  Rofe.) 

of  the  ambulacral  fields.  The  "deltoids"  of  the  Blastoids  cor- 
respond very  closely  with  the  large  interradials  of  Cyathocrinus,  as 
shown  in  fig.  297,  and,  through  these,  with  the  interradial  systems 
of  the  other  Crinoids. 

The  most  complicated  structures  in  the  test  of  the  Blastoids  are 
those  connected  with  the  ambulacral  areas.  The  ambulacral  fields 
(formerly  spoken  of  as  the  "  pseudambulacra ")  are  always  five  in 
number,  and  pass  in  a  radiating  manner  from  the  centre  of  the 
summit  of  the  czXyx  to  its  margins.  It  is  these  which  give  to  the 
summit  of  the  body  its  resemblance  to  a  flower-bud  (figs.  327,  b,  and 
328,  a)  upon  which  the  name  of  the  class  is  founded  (Gr.  dlastos, 
a  bud ;  and  eidos,  form).  Though  usually  broad  and  petaloid  in 
shape,  the  ambulacra  are  sometimes  narrow,  and  their  length  varies 
in  different  types  of  the  class.  In  a  typical  Blastoid,  such  as  a 
species  of  Pentremites,  the  ambulacra  have  the  following  structure. 
Running  down  the  centre  of  each  of  the  petaloid  ambulacral  fields 
is  a  well  -  marked  median  groove,  often  with  crenulated  edges 
(fig.  329,  B,  ag),  which  in  perfect  specimens  is  roofed  over  by  a 
double  row  of  small  calcareous  ossicles  or  "covering-plates  (fig.  329, 
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A  .)  This  median  groove  clearly  corresponds  with  the  food- 
love"  of  the  arm  and  disc  of  a  Crinoid,  and  may  therefore  be 
fermed  the  "ambulacral  groove."  The  ambulacral  groove  is  ex- 
cavated in  the  middle  line  of  a  long  pointed  plate  (fig.  329  b,  I) 
wWch  runs  down  the  centre  of  the  ambulacral  field  and  was  termed 
by  F  Roemer  the  "lancet-plate."  The  two  halves  of  the  lancet- 
platei  in  well-preserved  specimens,  are  seen  to  be  crossed  by  numer- 

h 

t 


sp 
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Fig.  328. — A,  and  b,  Side-view  and  base  of  Pentremites  fyriforinis :  b  b,  Basals ;  dd,  Radials  ; 
/  Ambulacral  fields,  c,  Summit  of  Gratiatocrinns  Norwoodi  (after  Meek  and  Worthen),  en- 
larged, showing  the  plated  membrane  covering  the  mouth  («;),  the  spiracles  {sp),  the  anus  (««)> 
and  the  summits  of  the  ambulacral  fields  (aiii).  d,  Summit  of  Pentremites  stilcatus  (after  Ferd. 
Roemer),  showing  the  mouth  denuded  of  its  covering-plates  and  placed  in  the  centre  of  the 
spiracles  {sp) :  an,  Anal  opening  ;  am,  One  of  the  ambulacral  fields.  From  the  Carboniferous 
rocks. 

ous  transverse  grooves,  which  open  centrally  into  the  main  ambula- 
cral groove.  As  the  lancet-piece  is  narrower  than  the  ambulacral 
field,  there  exists  on  each  side  of  the  former  an  interval,  separating 
the  sides  of  the  lancet-plate  from  the  forks  of  the  bounding  radial 
on  each  side.  This  interval  is  occupied  on  each  side  by  a  row  of 
small  quadrilateral  ossicles  or  "side-plates"  (fig.  329,  j),  which 
complete  the  ambulacral  field  superficially.  Each  ambulacral  area 
is  thus  traversed  from  end  to  end  by  two  lines  of  suture  (fig.  329, 
b),  which  separate  the  median  lancet-plate  from  the  side-plates  at 
its  edges. 
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In  Pentremites  and  in  most  other  genera  of  Blastoids,  the  side- 
plates  are  so  shaped  as  to  leave  along  their  outer  ends  a  series  of 
apertures  or  "marginal  pores"  (fig.  329,/),  by  means  of  which 
water  is  admitted  to  the  "  hydrospires."  In  many  cases,  however, 
the  marginal  pores  are  not  merely  spaces  between  the  attenuated 
outer  ends  of  the  side-plates,  but  they  are  in  part  formed  by  a  series 
of  still  smaller  ossicles,  which  are  known  as  the  "  outer  side-plates  " 
(the  "  supplemental  pore-plates  "  of  Roemer).  In  Pentremites  the 
side-plates  are  marginal,  and  leave  the  whole  upper  surface  of  the 
lancet-plate  exposed  to  view ;  but  in  other  cases  they  encroach  upon 


in        sp  111 


Fig-  329- — A,  Upper  portion  of  one  of  the  ambulacra  of  Pentremites  sulcatus,  enlarged, 
showing  the  "  covering-plates  "  (c)  of  the  ambulacral  groove,  passing  superiorly  into  the  plated 
canopy  (/«)  which  conceals  the  mouth.  B,  P^x{Ai\3\a^:x\xm.  oi  Pentremites  i>yriformis,  from  which 
the  covering-plates  have  been  removed,  showing  the  ambulacral  groove  (ag),  the  lancet-plate  (/), 
the  side-plates  {s)  with  their  marginal  pores,  and  the  spiracles  (sf)  at  the  upper  end.  c.  Am- 
bulacrum of  the  same  species,  from  which  the  lancet-plate  and  most  of  the  side-plates  have 
been  removed,  showing  the  "under  lancet-plate"  (:</),  the  tops  of  the  hydrospires,  (Ji),  and  the 
ambulacral  opening.    (After  R.  Etheridge,  jun.,  and  P.  H.  Carpenter.) 

the  lancet-plate,  and  leave  visible  little  more  than  the  central  food- 
groove. 

The  lancet-plate  is  pierced  by  a  canal  which  lodged  the  radial 
water-vessel,  and  which  opens  into  a  circular  ambulacral  canal  sur- 
rounding the  mouth.  The  removal  of  the  lancet-plate  allows  the 
top  of  the  "hydrospires"  to  be  seen  (fig.  329,  c,  fi).  In  the  genus 
Petitremites,  however,  and  in  some  other  types,  there  is  situated 
beneath  the  lancet-plate,  in  the  middle  line  of  the  ambulacral  field, 
an  elongated,  trough-like  plate,  which  Messrs  Etheridge  and  Car- 
penter have  termed  the  "under  lancet-plate"  (fig.  329,  «/). 

True  "  arms,"  comparable  with  the  structures  so  called  in  the 
Crinoids,  are  not  developed  in  the  Blastoids.    Along  the  outer  edge 
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of  each  ambulacral  field  there  was  situated  however,  a  s.ng  e  or 
double  row  of  sler^der  jointed  "pinnules."  The  sockets  for  the  e 
are  placed  between  each  pair  of  marginal  pores,  but  the  delicate 
pinnules  themselves  are  rarely  preserved. 

In  perfect  specimens  of  the  Blastoids,  the  apex  of  the  ventral  sur- 
face (fig-  328,  c)  appears  to  have  been  closed  by  a  canopy  of  sniall 
calcareous  plates,  some  of  which  represent  the  orals  of  Crmoids ; 
but  in  the  majority  of  examples  these  have  been  destroyed  m  the 
process  of  fossilisation.  In  the  Blastoids,  therefore,  as  m  the 
Pateocrinoids  generally,  the  mouth  was  really  subtegmmal,  and  was 
not  visible  externally  in  the  natural  condition.  When  the  covermg- 
plates  however,  have  been  lost,  the  mouth  is  seen  as  a  central  aper- 
ture placed  at  the  point  of  convergence  of  the  ambulacral  fields 
(ficr  328,  d).  The  vault  of  plates  concealing  the  mouth  passes 
laterally  without  a  break  into  the  "  covering-plates "  of  the  ambu- 
lacral grooves.  The  anus  is  excentric,  and  pierces  one  of  the 
interradials  ("deltoid"  plates). 

The  most  remarkable  organs  in  the  Blastoids  are  the  respiratory 
tubes  or  "  hydrospires,"  which  are  probably  always  present  in  one 
form  or  another,  though  they  have  not 
been  universally  detected.  In  Pentremites 
(fig.  330)  the  hydrospires  lie  underneath 
the  lateral  portions  of  the  ambulacral 
fields,  one  on  each  side  of  each  ambu- 
lacrum, so  that  there  are  ten  of  these 
organs  in  all.  When  the  lancet-plate  is 
removed  from  an  ambulacrum  in  this 
genus,  the  outer  sides  of  the  hydrospires 
are  seen  on  each  side  (fig.  329,  c,  h), 
with  the  "  under  lancet  -  plate "  in  the 
centre.  Each  hydrospire  consists  of  a 
flattened  lamellar  tube,  with  thin  calcare- 
ous walls,  more  or  less  extensively  folded, 
and  terminating  internally  by  closed  and 
somewhat  dilated  ends,  the  reduplications 
of  the  tube  being  placed  lengthways  be- 
neath the  ambulacrum.  Water  is  admitted 
into  the  hydrospires  by  slits  on  their  outer 

faces  in  direct  connection  with  the  rows  of  "  marginal  pores  "  between 
the  overlying  "side-plates"  of  the  ambulacrum  (fig.  330,//).  At 
their  upper  ends  the  hydrospires  are  placed  in  further  communica- 
tion with  the  exterior  by  a  ring  of  five  or  ten  openings  surrounding 
the  peristome.  These  apertures  (formerly  called  "ovarian  open- 
ings") are  usually  spoken  of  as  the  "spiracles"  (fig.  328,  c),  and 
they  probably  served  for  the  escape  of  water  from  the  hydrospires. 


Fig.  330.— Cross-section  of  the 
calyx  of  Pentremites  sulcatus, 
from  the  Carboniferous  rocks  of 
Illinois,  somewhat  enlarged,  show- 
ing the  transversely  divided  "hy- 
drospires "  (hy) ;  r  r,  Radial  plates ; 

Lancet-plate  ;  p  p,  Side-plates. 
(After  Zittel.) 
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The  general  arrangement  of  the  hydrospires  in  the  majority  of  the 
lilastoids  IS  essentially  similar  to  that  which  obtains  in  Pentremites  as 
above  briefly  described  ;  but  there  are  some  remarkable  departures  from 
this  type.  Thus  in  Cadaster  {  =  Codonaster)  there  are  only  eight  hydro- 
spires,  and  these  open  externally  by  slits  separated  by  intervening  ridees 
which  occupy  four  of  the  five  interradial  areas  on  the  ventral  surface  of 
the  body,  and  which  have  a  direction  parallel  with  that  of  the  ambulacra 
(ng-  33i>  a).    In  PIicBnoschisma  the  arrangement  is  the  same  but  the 


Fig.  33I--A,  Upper  surface  of  the  calyx  of  Cadaster  trilohatus,  var.  aczitus,  from  the  Car- 
bonilerous  Limestone,  enlarged,  showmg  the  numerous  hydrospire-slits  ( ji)  in  all  the  interradii 
except  the  anal  one.  (After  M 'Coy  )  b,  Side-view  of  the  calyx  of  O^^/Z^.^liJx  (cX\>; 
steUiformis  Ixomxh^  Carboniferous  Limestone  of  North  America,  of  the  natural  size,  c  Uooer 
surface  of  the  calyx  of  the  same  (after  Meek  and  Worthen),  enlarged,  a,  Anal  aperture 
Ambulacra ;/,  in  fig.  c,  Hydrospire-clefts  or  "spiracles."  =  >  1-         ,  > 


hydrospire-slits  occupy  the  anal  as  well  as  the  other  four  interradii 
Lastly,  in  the  genus  Orophocrinus  (fig.  331,  c)  the  "  spiracles  "  or  external 
openings  of  the  hydrospires  are  in  the  form  of  ten  clefts,  of  variable 
length,  which  extend  along  the  sides  of  the  ambulacra. 

There  can  be  little  doubt  that  the  "  hydrospires  "  of  the  Blastoids, 
like  the  less  highly  developed  structures  of  the  same  kind  in  the 
Cystoids,  are  essentially  respiratory  in  function.  They  present  in 
many  respects  a  remarkable  resemblance  to  the  folded  genital 
"  bursas "  of  the  Ophiuroids,  as  regards  both  their  structure  and 
their  mode  of  termination  on  the  surface  of  the  body.  It  is 
therefore  probable  that  the  hydrospires,  like  the  "bursse"  of  the 
Brittle-stars,  were  connected  with  the  discharge  of  the  reproductive 
elements  into  the  external  medium. 

As  regards  the  distribution  in  time  of  the  Blastoids,  no  member 
of  the  order  has  been  as  yet  certainly  detected  in  the  Ordovician 
rocks.  In  the  Silurian  rocks  of  North  America  a  few  forms  have 
been  found,  and  in  the  Devonian  deposits  both  of  the  New  and 
Old  World  various  genera  are  represented,  such  as  Pentremitidea, 
Eleutherocrinus,  Cadaster,  and  Elceacrinus.  It  is  in  the  Carbonifer- 
ous rocks,  however,  that  the  Blastoids  attain  their  maximum  devel- 
opment, the  type-genus  Fentretnites  (fig.  332,  a  and  b) — sometimes 
written  Fefitatremites  or  Pentatrematites — appearing  here  for  the 
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As  regarus  ineir  cumiji.cui.iuri.,  lxiv-  — 
Etheridge,  jun,  and  Dr  P.  H.  Carpenter,  into  the  two  primary 
groups  or  orders  of  the  Eegidares  and  Irregulares,  the  former 
including  pedunculate  types  with  a  symmetrical  base  and  havmg 
equal  and  similar  ambulacra,  while  the  latter  comprises  sessile  forms 


in  which  the  base  is  usually  unsymmetrical,  and  one  ambulacrum 
and  the  corresponding  radial  are  different  from  their  fellows.  The 
following  table  exhibits  the  famiUes  adopted  by  the  authorities  just 
named,  with  the  genera  included  in  each  : — 


Family  i.  PentremitidcE. — Base  usually  convex  and  often  much  elon- 
gated. Spiracles  five,  but  sometimes  more  or  less  completely  divided  by 
a  median  septum.  Their  distal  boundary  formed  by  side-plates.  Hy- 
drospires  concentrated  at  the  lowest  part  of  the  radial  sinus.  The  genera 
Pentremites  (fig.  328),  Pentremitidea,  and  Mesoblastus  are  included  in 
this  family. 

Family  2.  Troostoblastida. — Ambulacra  very  narrow,  and  descending 
sharply  outwards  from  the  much-restricted  peristome.  Deltoids  usually 
limited  to  the  summit  and  rarely  visible  externally.  Lancet-plate  entirely 
covered  by  the  side-plates.  Spiracles  generally  double,  appearing  as 
linear  slits  at  the  sides  of  the  deltoid  ridge,  but  not  bounded  distally  by 
side-plates.  The  genera  Troostocrinus,  Metablastus,  and  Tricmlocriniis 
belong  here. 

Family  3.  NucleoblastidcB. — Calyx  usually  globular  or  ovoidal,  with 
flattened  or  concave  base  and  linear  ambulacra.  Spiracles  distinctly 
double,  and  chiefly  formed  by  the  apposition  of  notches  in  the  lancet- 


Worthen.) 


Order  I.  Regul.a.res. 
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plate  and  deltoids.  This  family  includes  Elceacrinus  (with  an  anal  plate)  • 
Schizoblastus  (fig.  332,  c  and  d\  Cryptoblastus,  and  Acentotremites 
(without  an  anal  plate). 

Family  4.  GranatoblasiidcE.—CaXyx  globular  or  ovoidal,  with  a  flattened 
or  concave  base  and  linear  ambulacra.  Spiracles  five,  piercing  the  del- 
toids ;  or  ten,  grooving  their  lateral  edges.  This  family  includes  the 
genera  Granatocriinis  and  Heteroblashis. 

Family  5.  Codasteridce. — Base  usually  well  developed  and  sometimes 
very  long.  Some  or  all  of  the  hydrospi  re-slits  pierce  the  calyx-plates  on 
the  sides  of  the  radial  sinus,  restricted  portions  of  which  may  remain 
open  as  the  spiracles.  This  family  includes  the  genera  Cadaster  (fig. 
33 1 5  a),  Phanoschisma,  Orophocrinus  (fig.  331,  B  and  c),  and  Crypto- 
schisma. 

Order  II.  Irregulares. 

Family  6.  Astrocrinidce. — This  family  includes  certain  singular  un- 
stalked  and  unsymmetrical  Blastoids,  in  which  one  ambulacrum  and  one 
radial  are  different  from  the  rest.  In  Astrocrinus  and  Eleutherocrinus 
the  basals  are  unsymmetrical,  and  the  azygos  radial  is  small  and  without 
definite  limbs,  its  ambulacrum  being  short,  wide,  and  horizontal.  On  the 
other  hand,  in  Peniephyllum  the  basals  are  symmetrical,  and  the  odd 
ambulacrum  is  linear. 
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CHAPTER  XXVII. 

SUB-KINGDOM  V.—ANNULOSA. 
Characters  and  Divisions  of  Annulosa — The  Scolecida 

AND  AnARTHROPODA. 

Sub-kingdom  Annulosa. — The  Annulose  animals  are  characterised 
by  the  possession  of  a  body  which  is  usually  more  or  less  elongated, 
and  is  always  bilaterally  symmetrical  instead  of  being  radially  dis- 
posed. Very  comtnonly  the  body  is  divided  into  similar  (homono7nous) 
segments,  which  may  be  definite  or  indefinite,  and  are  arranged  along 
an  antero-posterior  axis.  Lateral  appendages  may  be  absetit  or 
present,  and  zvhen  prese?it,  are  symmetrically  disposed.  A  nervous 
system  is  present,  and  consists  of  one  or  two  ganglia  placed  in  the 
anterior  part  of  the  body,  or  of  a  ventrally -placed,  double  gangliated 
chain. 

The  sub-kingdom  of  the  Annulosa  may  be  divided  into  the  three 
primary  sections  of  the  Scolecida,  the  Anarthropoda,  and  the  Arthro- 
poda,  of  which  the  two  former  are  often  separated  to  form  a  single 
great  division  of  the  animal  kingdom  under  the  name  of  Ver?nes. 
The  division  of  the  Arthropoda  comprises  the  Crustaceans,  the 
Arachnids,  the  Myriopods,  and  the  Insects,  the  great  majority  of 
which  are  provided  with  a  resisting  exoskeleton,  which  is  typically 
composed  of  chitine,  but  is  often  more  or  less  largely  calcified. 
Hence,  the  record  of  this  division  in  past  time  is  a  comparatively 
complete  one,  its  earliest  representatives  appearing  in  deposits  of 
Cambrian  age.  The  division  of  the  Anarthropoda  comprises  the 
typical  "  Worms  "  (Leeches,  Earthworms,  Sea-worms,  &c.),  in 
which  exoskeletal  structures  are  often  completely  wanting,  or  are 
only  partially  developed.  Hence  the  palaeontological  history  of 
these  animals  is  a  necessarily  very  imperfect  one.  We  have,  how- 
ever, unquestionable  proofs  of  the  existence  of  Sea-worms  in  rocks 
as  ancient  as  the  Ordovician,  at  any  rate ;  and,  if  we  may  judge 
from  the  evidence  of  "  tracks  "  or  "  burrows,"  the  lower  Cambrian 
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(and  possibly  even  the  Laurentian)  deposits  contain  the  remains  of 
animals  belonging  to  this  division.  Finally  the  division  of  the 
Scolecida  comprises  the  various  "Worms"  which  from  their  com- 
monly parasitic  habit  are  generally  known  as  the  Entozoa,  together 
with  the  group  of  the  Wheel-animalcules  or  Rotifera.  To  say  noth- 
ing of  the  microscopic  dimensions  of  the  Rotifers  and  many  of  the 
E7ito%oa,  none  of  the  Scolecids  are  provided  with  hard  structures, 
which,  under  ordinary  conditions,  could  possibly  be  preserved  m  the 
fossil  state.  It  would,  therefore,  be  no  matter  of  surprise  to  find 
that  we  have  absolutely  no  record  of  the  existence  of  these  animals 
in  past  time.  There  are,  however,  a  few  remains  which  have  been 
referred  to  the  Entozoa,  and  which  may  be  noted  here.  The  most 
satisfactory  of  these  is  a  worm  which  was  found  by  von  Heyden  in 
the  abdomen  of  a  fossil  Beetle  from  the  Miocene  Brown  Coal  of 
Germany,  and  which  has  been  referred  to  the  Hairworms  (Gordiacea) 
under  the  name  of  Mermis  antiqua.  The  same  genus  has  been 
detected  in  amber,  along  with  minute  filamentous  worms  which 
have  been  referred  to  the  Nematoda,  and  have  been  placed  under 
the  genera  Angnillula  and  Enchytrceus.  These  are  the  sole  remains 
of  Scolecids  which  have  hitherto  been  detected,  and  it  is  there- 
fore unnecessary  here  to  deal  further  with  this  division  of  the 
Annulosa. 

Anarthropoda. 

The  animals  included  in  this  section  are  usually  spoken  of  as 
"  Worms,"  and  constitute  the  highest  division  of  the  "  Vermes,'''  as 
this  name  is  now  understood.  Under  this  head  are  placed  the 
Spoon-worms  {Gephyrea),  the  Arrow-worms  {Chcstognatha),  and 
the  Ringed  Worms  {Annelida),  together  with  the  small  and  aberrant 
group  of  the  Myzostomida.  The  division  is  characterised  generally 
by  the  usually  elongated,  vermiform  body,  which  is,  typically,  com- 
posed of  numerous,  clearly  recognisable  segments.  The  segments 
are  in  general  nearly  similar :  and  when  lateral  locomotive  appen- 
dages are  developed,  these  are  not  composed  of  successive  joints, 
and  are  not  articulated  to  the  body. 

Of  the  four  groups  included  under  the  head  of  Anarthropoda, 
the  Annelides  are  comparatively  well  represented  as  fossils,  com- 
mencing in  the  Cambrian  period.  On  the  other  hand,  the  ChcBtog- 
natha  are  wholly  unknown  in  the  fossil  condition ;  as  also  are  the 
Gephyreans,  unless  Ehlers  be  correct  in  referring  to  this  group 
certain  obscure  remains  from  the  Lithographic  Slate  (Jurassic)  of 
Germany,  for  which  he  proposed  the  name  of  Epitrachys.  The 
Myzostomida,  however,  have  been  certainly  recognised  in  the  fossil 
condition,  though  their  geological  history  is  still  imperfectly  known. 
Myzostoma,  the  type-genus  of  this  curious  and  abnormal  group, 
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comprises  small,  symmetrical,  unsegmented  animals,  with  a  dis- 
coidal  body  furnished  below  with  five  pairs  of  unjointed  feet  ter- 
minated by  hooks,  which  form  cysts,  somewhat  like  plant-galls, 
upon  the  calyx,  arms,  or  pinnules  of  Comatulce  and  other  Crinoids. 
In  various  fossil  Crinoids  the  arms  or  pinnules  have  been  found  to 
be  distorted  by  the  cysts  of  some  form  belonging  to  the  Myzostom- 
ida,  and  further  investigation  will  probably  show  that  this  group  is 
really  one  of  great  antiquity. 

Annelida. 

The  class  of  the  Annelida  comprises  the  so-called  Ringed  Worms, 
including  the  Leeches  {Hirudined),  the  Earthworms  and  their  allies 
{0/igochceta),  and  the  Sea-worms  {Polychcetd).  The  body  in  the 
Annelides  is  always  elongated,  and  is  composed  of  numerous  seg- 
ments, all  the  segments,  except  those  at  the  anterior  and  posterior 
extremities  of  the  body,  being  in  general  similar  to  one  another. 
In  the  Leeches,  the  segments  carry  no  lateral  appendages,  and 
locomotion  is  effected  by  means  of  suctorial  discs.  In  the  Oligo- 
chsetous  worms,  the  segments  are  provided  with  locomotive  appen- 
dages in  the  form  of  horny  setae,  embedded  basally  in  the  integument. 
Lastly,  in  the  Polychceta  the  segments  carry,  as  a  rule,  tufts  of 
horny  bristles  attached  to  unjointed  lateral  protuberances  or  "  foot- 
tubercles  "  (parapodia). 

As  regards  their  distribution  in  time,  the  Oligochceta  are  wholly 
unknown  as  fossils,  and  no  reliable  traces  of  the  past  existence  of 
the  Hirjidinea  have  hitherto  been  discovered ;  though  some  prob- 
lematical fossils  from  the  Lithographic  Slate  (Jurassic)  of  Germany 
have  been  regarded  as  the  remains  of  Leeches.  The  order  of  the 
Polychceta,  on  the  other  hand,  comprises  worms  which  are  marine 
in  habit  and  are  at  the  present  day  very  widely  distributed,  so  that 
we  should  expect  to  find  ample  evidence  of  their  former  existence. 
As  the  integument  of  the  Polychsetous  worms  is  more  or  less  soft, 
and  as  the  only  hard  structures  developed  within  the  tissues  are 
the  horny  jaws  and  the  locomotive  bristles,  it  can  only  be  under 
exceptionally  favourable  circumstances — as,  for  example,  in  the 
fine-grained  Jurassic  lithographic  slates  of  Germany  —  that  the 
actual  body  of  these  animals  can  have  been  preserved  in  the 
fossil  condition.  Many  of  the  Polychceta,  however,  protect  them- 
selves by  an  investing  tube  which  may  be  composed  of  lime,  or 
of  sand  or  other  adventitious  particles  cemented  together;  and 
the  cases  of  these  "  Tubicolous  "  worms  are  often  preserved.  The 
free-swimming  or  "  Errant "  Polychceta,  again,  have  left  evidence  of 
their  past  existence  in  their  fossilised  jaws,  as  well  as  by  less  un- 
equivocal remains  in  the  form  of  filled-up  burrows  or  meandering 
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trails  upon  the  soft  sand  or  mud  of  the  sea-bottom.  In  this  way 
we  know  that  the  Polych^tous  AnneHdes  commenced  their  exist- 
Ince  at  1  ast  as  earl/ as  the  Cambrian,  while  obscure  traces  of 
the?r  presence  have  even  been  detected  in  the  Laurentian  period 
Owing  to  their  comparatively  frequent  occurrence  as  fossils,  it  is 
necessary  to  study  this  group  of  Worms  in  greater  detail. 


POLYCH^TA. 

Sub-order  I.  Tubicola.— The  Worms  included  in  this  sub- 
order are  distinguished  by  the  fact  that  they  inhabit  variously 
formed  tubes,  to  which  they  are  not  organically  connected,  and  in 
which  they  can  move  freely  by  means  of  their  setigerous  foot-tuber- 
cles Owing  to  their  possession  of  an  investing  tube,  branchiae  are 
only  developed  in  the  anterior  region  of  the  body  (fig.  333)>  *is 
being  the  only  part  which  is  ordin- 
arily exposed  to  the  action  of  the 
sea-water;  hence  the  Tubicola  are 
sometimes  called  the  "cephalo- 
branchiate  "  Annelides. 

The  protecting  tube  of  the  Tubic- 
olous  Annelides  may  be  composed 
of  carbonate  of  lime  {Serpula),  of 
grains  of  sand  {Sabellaria),  or  of 
sand,  pieces  of  shell,  and  other  ad- 
ventitious particles  cemented  to- 
gether by  a  glutinous  secretion  from 
the  body  {Terebella) ;  or  it  may  be 
simply  membranaceous  or  leathery 
{Sabella).  Sometimes  the  tube  is 
free  and  non-adherent  (Pedinaria) ; 
more  commonly  it  is  attached  to  some  submarine  object  by  its 
apex  or  by  one  side  {Serpula  and  Spirorbis).  Sometimes  the  tube 
is  single  {Spirorbis,  generally) ;  sometimes  the  animal  is  social,  and 
the  tubes  are  clustered  together  in  larger  or  smaller  masses 
[Sabellaria). 

When  the  tube  is  calcareous,  it  presents  certain  resemblances  to 
the  shells  of  some  of  the  Molluscs,  such  as  Vermetus  and  Den- 
talium.  In  the  living  state  it  is  easy  to  make  a  distinction  between 
these,  for  the  Tubicolar  Annelides  are  in  no  way  organically 
attached  to  their  tubes,  whereas  the  Molluscs  are  always  attached 
to  their  shell  by  proper  muscles.  In  the  fossil  condition,  however, 
it  may  be  very  difficult  to  refer  a  given  calcareous  tube  to  its  proper 
place.  As  a  general  rule,  however,  the  calcareous  tubes  of  Annel- 
ides, such  as  Serpula,  are  less  regular  and  symmetrical  than  those 


Fig.  333. — Tubicola.  a,  Ser/ijila  con- 
tortufilicata,  showing  the  branchias  and 
operculum  ;  i,  Spirorbis  communis. 
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of  Vermet2fs,  whilst  the  latter  are  partitioned  by  shelly  septa,  which 
do  not  exist  in  the  former.  Again,  the  tube  of  £>en^a/ium  is  open 
at  both  ends,  whereas  it  is  closed  at  one  extremity  in  the  Serpu/^ 
In  the  Annehdous  genus  D/^ruJ>a,  however,  the  tube  is  open  ai 
both  ends,  so  that  this  distinction  is  one  not  universally  applicable 

Tubicolar  Annelides  are  certainly  known  from  the  Ordovician 
rocks  upwards,  almost  every  great  period  having  representatives  of 
the  order,  though  many  of  the  fossils  referred  to  this  group  are  of 
a  more  or  less  problematical  nature.  The  genus  S/>trordis  has 
survived  from  the  Silurian  period  to  the  present  day;  and  forms 
apparently  not  separable  from  the  existing  genus  Ser^u/a  are  known 
in  deposits  at  any  rate  as  old  as  the  Carboniferous. 

Of  the  fossil  Tubicolar  Annelides  which  are  likewise  known  by 
still  existing  types,  and  the  true  relations  of  which  are  therefore 
beyond  dispute,  the  three  chief  genera  are  Serpu/a  (including  Ver- 
milia  and  Filograna\  Spirorbis,  and  Ditrupa.    In  the  genus  Serpula 

(%•  334),  there  is  a  long  shelly 
tube,  usually  more  or  less  tortu- 
ous, sometimes  solitary,  some- 
times aggregated,  which  is  fixed 
to  some  foreign  body  by  a  smaller 
or  larger  portion  of  its  surface. 
The  genera  Vermilia  and  Filo- 
grana  are  principally  distinguish- 
able from  Serpula  proper  by 
characters  belonging  to  the  ani- 
mal and  not  to  the  tube  which 
it  inhabits.  It  is  doubtful,  there- 
fore, if  these  three  types  can  be 
separated  in  the  fossil  condition 
from  one  another  3  though  it  has 
been  adduced  as  a  distinctive 
character  of  Vermilia  that  the 
mouth  of  the  tube  often  pos- 
sesses from  one  to  three  tooth- 
like projections. 

As  regards  its  microscopic 
structure,  the  tube  of  Serpula 
appears  to  be  mainly  composed 
of  delicate  concentric  laminfe  of  carbonate  of  lime,  with  a  consider- 
able proportion  of  animal  matter.  Some  of  the  layers,  and  par- 
ticularly those  near  the  exterior,  may  be  of  considerable  thickness, 
and  may  exhibit  a  peculiar  tubulated  structure,  being  traversed  by 
minute  branching  canals,  the  direction  of  which  is  at  right  angles  to 
the  long  axis  of  the  tube  itself  (fig.  335,  a).    In  other  cases,  the 


Fig-  334- — Serfula Jlagellum. 

(Jurassic.) 


Oxford  Clay. 
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tube  is  composed  of  numerous  concentric  laminae  separated  by  inter- 
venLg  rows  of  tolerably  large-sized  vesicles  (fig.  335,  b),  while  m 
other^forms  the  laminated  tissue  preponderates  and  the  vesicular 
tissue  is  imperfectly  developed  and  is  only  present  m  parts  of  the 

As  regards  the  geological  range  of  Serpula,  the  earliest  unequiv- 
ocal types  are  found  in  the  Carboniferous  rocks,i  but  the  genus  has 
been  asserted  to  occur  in  still  older  deposits.  In  the  Trias  and 
Lower  Jurassic  rocks  SerpulcB  are  not  infrequent,  but  are  usually 
solitary  in  habit ;  whereas  social  types  of  the  genus  are  not  uncom- 
mon in  the  later  Jurassic  deposits,  and  entire  beds  of  limestone  in 
the  Lower  Cretaceous  rocks  are  sometimes  made  up  of  the  tubes  ot 


Fie  «s  -Microscopic  structure  of  the  tube  ot  some  Tubicolar  Anne  ides.  A,  Cross-section  of 
the  ubfof6-i;iX  sp  (Recent),  showing  laminated  and  tubulated  calcareous  tissue  ;  p,  Cross- 
iection  of  he  tube  o^^^  laminated  and  vesicular  tissue  ;  C 

Cro  s-section  of  the  tube     CoLulites  sp.  (Silurian^,  showing  -^"0^  ,e  sfcti™  of  "I  tube  of 
tubulated  tissue  with  an  outer  layer  of  a  vesicular  structure  ;  D,  Oblique  section  of  a  tube  o 
Tond^ktliur^ega^^^^  The  figures  show  only  parts  of  the  sections,  and  are  all 

enlarged.  (Original.) 

these  Annelides.  Numerous  forms  likewise  occur  in  the  Tertiary 
rocks. 

In'the  genus  Spirorbis  (figs.  336-338),  the  tube  is  calcareous,  and 
is  coiled  into  a  flat  spiral,  one  side  of  which  is  cemented  to  some 
foreign  body.  The  spiral  may  be  either  right-handed  ("  dextral ")  or 
left-handed  ("  sinistral "),  and  the  last  volution  is  usually  more  or 
less  elevated,  and  is  often  extended  into  a  free  bent  tube  of  no  great 
length.  Internally  the  tube  is  usually  open  throughout,  but  in  some 
forms  it  is  divided  into  chambers  by  a  few  calcareous  partitions. 
The  tube  is  usually  adorned  externally  with  concentric  stri^  or 
annulations,  sometimes  with  tubercles  or  spines ;  and  all  the  known 
forms  are  of  small  size.  In  some  species  the  tube  is  constantly 
solitary,  but  in  other  cases  great  numbers  are  found  together.  The 

1  The  Serpula  parallela,  M'Coy,  of  the  Carboniferous  rocks,  as  previously 
shown,  is  really  the  siliceous  "rope"  of  one  of  the  Hexactinellid  Sponges 
(Hyalostelia). 
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name  Microconchus  has  been  proposed  for  forms  of  Spirorbis  which 
are  not  smiply  cemented  by  the  under  surface  to  some  foreign  sub- 
stance but  which  make  a  depression  or  groove  in  the  body  to  which 
the  tube  IS  attached.  The  Hving  species  of  Spirorbis  are  all  marine 
but  some  of  the  extinct  forms  of  the  Carboniferous  period  are  com- 
monly found  attached  to  the  stems  and  leaves  of  undoubted  terrestrial 
plants,  a  fact  which  would  seem  to  show  that  some  of  these  ancient 
types  were  able  to  exist  in  brackish,  or,  possibly,  even  in  fresh  water 


Amp?;J^  ^  '^'.^^''T?'^'''/  °'"P''^}<>^^1^  ;^^^^rsX  size  and  enlarged  -  Devonian,  Europe  and 
America,  b  ^pirorbis  Arkonensis,  of  the  natural  size  and  enlarged;  c,  The  same,  with  the 
tube  twisted  in  the  reverse  direction-Devonian,  America.  (Original.) 


Fig.  337- *,-5>'V'''-*« enlarged-Silurian,  America;  c,  Spirorbis  spinuUfcrtis,  of  the 
natural  size  and  enlarged— Devonian,  Canada.    (After  Hall  and  the  Author.) 


The  earliest  known  species  of  Spirorbis  occur  in  the  Ordovician 
rocks,  and  the  genus  is  abundantly  represented  in  the  Silurian, 
Devonian,  and  Carboniferous  rocks,  the  tubes  often  occurring  in 
great  numbers  attached  to  the  exterior  of  shells  or  corals.  The 
Spirorbis  helicteres  of  the  Carboniferous  rocks  sometimes  occurs  in 
the  Carboniferous  rocks  of  Scotland  in  quantities  sufficient  to  make 
up  bands  of  limestone  of  some  thickness.  Other  species  have  been 
described  from  the  Permian  rocks,  and  the  genus  continues  to  be 
well  represented  in  both  Mesozoic  and  Tertiary  deposits,  while  liv- 
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ing  forms,  apparently  little  different  from  the  fossil  ones,  abound  in 


In  the  genus  Ditmpa,  the  tube  is  free  and  unattached,  open  at 
both  endsfand  calcareous  in  composition,  its  general  aspect  being 
vely  ^milar  to  that  of  the  shell  of  a  Dentaliunu  The  genus  appears 
to  have  existed  in  Carboniferous  times,  but  it  is  not  found  in  any 
abundance  till  the  Tertiary  period  is  reached  Species  of  Jis  genus 
are  abundant  in  the  London  Clay  (Eocene)  and  in  the  Red  Crag 

(Pliocene).  ■       r  ■ 

In  the  Palaeozoic  rocks  there  occur  the  remains  of  various  or- 
ganisms which  have  been  commonly  referred  to  the  Tubicolous 
Annelides,  but  which  differ  more  or  less  extensively  in  structure  and 
character  from  any  existing  types,  their  precise  nature  being  thus 
rendered  more  or  less  doubtful.    Some  of  the  more  important  ot 
these  may  be  briefly  considered  here.    Among  the  most  problemat- 
ical of  these  are  the  fossils  for  which  the  names  of  Serpulites  and 
Trachydenna  have  been  proposed.    Under  the  head  of  Serpulites 
are  included  smooth,  arcuate,  semi-calcareous,  glossy,  apparently 
unattached,  tubular  fossils,  which  sometimes  reach  a  length  of  a 
foot,  with  a  diameter  of  an  inch.    In  the  most  typical  forms  of 
Serpulites  the  tube  exhibits  two  small  longitudinal  ridges  or  tubular 
ribs,  placed  respectively  along  the  convex  and  concave  faces  of  the 
fossil ;  but  these  thickened  borders  do  not  appear  to  be  constantly 
present.    Forms  of  Serpulites  are  found  in  the  Palaeozoic  rocks  from 
the  Ordovician  to  the  Carboniferous  inclusive,  but  their  true  affinities 
are  by  no  means  certain.    The  name  of  Trachyderjna  (apparently 
the  same  as  the  Scolecoderma  of  Salter)  was  proposed  by  Phillips  for 
the  casts  of  membranous,  flexible  tubes  which  are  found  in  Ordo- 
vician and  Silurian  deposits.    These  are  transversely  wrinkled  or 
plaited,  and  as  they  are  usually  found  to  cross  the  strata  obliquely 
or  vertically,  it  is  probable  that  they  are  really  Annelidous  in  their 
nature. 

More  remarkable  than  the  preceding  is  the  Ordovician,  Silurian, 
and  Devonian  genus  Cornulites  (figs.  339,  340),  in  which  the  animal 
was  solitary,  and  inhabited  a  conical  calcareous  tube  of  considerable 
size.  The  tube  of  Cornulites  (fig.  339)  is  ringed  with  well-marked 
transverse  annulations,  and  is  usually  ornamented  with  fine  longitud- 
inal strise.  The  tube  gradually  tapers  towards  its  lower  end,  where 
it  appears  to  have  been  attached  to  foreign  bodies,  the  attachment 
taking  place  by  the  pointed  and  usually  bent  initial  portion  of  the 
tube,  and  not  (as  in  Ortonia)  by  the  whole  of  one  side.  Moreover, 
many  adult  examples  show  no  signs  of  having  been  attached  by  the 
pointed  base,  so  that  the  tube  was  probably  not  invariably  fixed  to 
foreign  bodies,  but  may  have  been  free.  The  tube  may  be  three 
or  four  inches  long,  straight  or  slightly  curved,  and  with  a  wide 
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aperture  at  its  broad  end.  The  internal  cast  of  the  tube  has  the 
torm  of  a  series  of  inverted  conical  rings,  of  small  width,  arranged 
in  an  imbricating  manner.  The  most  remarkable  feature  about 
Lornuhtes  is,  however,  the  peculiar  micro-structure  of  the  thick 
calcareous  wall.  Thin  sections  of  the  tube  show  that  it  is  composed 
principally  of  lenticular  calcareous  vesicles  of  considerable  size  (figs 
335,  c,  and  339,  b),  resembling  in  form  the  vesicles  of  a  Cystiphyl- 
oid  coral.  These  vesicles  are  sometimes  traversed  by  irregular 
lammated  bands  or  fibrous  layers,  and  a  similar  layer  seems  to  Hne 
the  interior,  and  cover  the  exterior  of  the  tube.  The  inner  laminated 
layer  (fig.  335,  c)  is  sometimes  of  considerable  thickness,  and  is 


Fig.  239-—Cornulitcs  scrpularius,  from  the 
Wenlock  Limestone,  a,  Tube  of  the  natural 
size ;  B,  Portion  of  a  cross-section  of  the  tube 
enlarged.  (Original.) 


Fig.  340. — CornulUcs  Silurian.  The 
right-hand  figure  represents  a  cast  of  the 
tube.  The  left-hand  figure  represents  a 
specimen  broken  below.  (Original.) 


traversed  by  minute  transverse  tubuli  similar  to  those  seen  in  the 
laminated  calcareous  tissue  of  some  recent  Serpulce.  As  the  tube 
in  some  Serpula  (fig.  335,  b)  also  shows  a  vesicular  character,  the 
microscopic  structure  of  the  tube  of  Cornulites  is  not  so  abnormal  as 
it  has  generally  been  supposed  to  be,  and  its  Annelidan  nature  is, 
on  the  whole,  rather  supported  by  its  minute  structure  than  dis- 
proved. 

In  the  genus  Ortonia  (fig.  341)  are  included  conical,  slightly 
flexuous  calcareous  tubes,  which  have  a  general  resemblance  to 
Cornulites,  but  are  of  comparatively  small  size,  and  are  cemented 
by  the  whole  of  one  surface  to  some  foreign  body  such  as  a  shell  or 
a  coral.  Though  often  found  in  considerable  numbers,  the  tubes 
are  essentially  solitary  in  habit.   The  tube  is  ringed  with  imbricating 
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annulations,  and  the  free  surface  of  the  tube,  in  some  species,  appears 
to  have  a  cellular  structure,  similar  to  that  which  is  seen  in  the  tube 
of  Cornulites :  but  the  microscopic  characters  of  Orto7iia  have  not 


Fig.  341. — A,  Tubes  of  Ortonia  conica  growing  upon  the  valve  of  Strophomena  alternata, 
natural  size;  b,  A  single  tube  of  the  same,  enlarged.    Ordovician.  (Original.) 


as  yet  been  worked  out.  The  known  species  of  Ortonia  are  found 
in  the  Ordovician,  Silurian,  Devonian,  and  Carboniferous  rocks. 
It  may  be  noted  in  this  connection  that  the  tubes  of  some  species 
of  Ortonia^  except  for  being  attached  along  one  side  to  foreign 
bodies,  present  a  considerable 
general  likeness  to  the  tubes  of 
the  genus  Tentaculites,  which 
genus  high  authorities  have  re- 
garded as  Annelidan.  There 
are,  however,  important  distinc- 
tions between  these  two  types, 
and  the  genus  Tentaculites  will 
be  considered  here  under  the 
Pteropoda,  to  which  group,  in 
the  author's  opinion,  it  is  pro- 
perly referable. 

A  similar  superficial  likeness 
to  Tentaculites  is  exhibited  by  (Origi'nai.) 
the  Ordovician  genus  Conchico- 

lites,  which  is  certainly  Annelidan.  In  this  genus  (fig.  342)  the 
animal  was  social,  and  formed  masses  of  clustered  tubes,  growing 
side  by  side,  attached  by  their  bases  to  the  outside  of  the  dead 
shells  of  Orthocerata  or  Brachiopods.  Each  tube  is  made  up  of 
short  imbricating  rings,  each  of  which  partially  overlaps  the  one 
below.    Hence  the  cast  of  the  tube  (the  right-hand  figure  in  fig. 


Fig.  342. — Conchicolites  gregarius,  growing 
upon  the  shell  of  an  Orthoceras.  Ordovician. 
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342)  appears  to  consist  of  short  conical  segments,  the  broad  ends 
of  which  are  turned  away  from  the  mouth  of  the  tube.  Though 
the  general  aspect  of  the  tubes  of  Cdnchicolites  is  very  similar  to 
that  of  Cornulites,  the  micro-structure  of  the  tube  is  very  different 
in  the  two  genera.  In  Cornulites,  as  has  been  shown,  the  tube  has 
a  characteristic  vesicular  structure  (fig.  335,  c).  On  the  other 
hand,  thin  sections  of  the  tube  of  Conchicolites  (fig.  335,  d)  show 
it  to  be  devoid  of  this  cellular  structure,  and  to  be  composed  of 
imbricating  calcareous  plates,  which  are  fibrous  in  character,  and 
which  overlap  in  such  a  way  that  the  broad  upper  ends  o'f  the 
successive  rings  are  directed  towards  the  interior  of  the  tube. 

Sub-order  II.  Errantia.  —  The  Polychsetous  Annelides  in- 
cluded in  this  sub-order  are  free-living  animals  which  do  not  form 
for  themselves  investing-tubes.  The  body  is  usually  elongated, 
each  segment  carrying  on  its  sides  tufts  of  horny  sets,  attached  to 


Fig-  343.— A,  Head  Nereis  inceria,  viewed  from  beneath,  and  enlarged  (after  Quatrefages) : 
rf,  The  principal  pair  of  chitinous  jaws  (the  dark  dots  on  the  lobe  behind  these  are  smaller  den- 
ticles) ;  pd,  Internal  pair  of  palpi ;  fa,  External  or  greater  pair  of  palpi ;  t  1 1,  Tentacles,  b, 
Foot-tubercle  of  Nereis,  enlarged  :  no,  Notopodium ;  tie,  Neuropodium ;  c,  Dorsal  cirrhus;  c", 
Ventral  cirrhus;  b  b  b,  Branchial  filaments;  a,  Aciculas ;  s  s,  Setas  attached  to  the  dorsal  and 
ventral  oars. 

fleshy,  double  tubercles  or  "  parapodia  "  (fig.  343,  b).  The  mouth 
is  furnished  with  horny  or  partially  calcified  jaws  (fig.  343,  a).  The 
branchise  are  attached  to  the  sides  of  the  body,  or  to  the  dorsal 
surface.  Though  the  integument  of  the  Errant  Annelides  secretes 
chitinous  matter  to  a  certain  extent,  a  resistant  exoskeleton  is  not 
developed,  the  only  hard  structures  present  being  the  chitinous 
setae  and  the  horny  jaws,  the  lower  pair  of  the  latter  (and  sometimes 
the  upper  pair  also)  being  more  or  less  completely  calcified.  Owing 
to  the  soft  nature  of  their  integument  and  foot-tubercles,  it  can  only 
be  under  the  most  favourable  conditions  that  the  actual  body  of  an 
Errant  Annelide  can  be  preserved  in  the  fossil  state.  Specimens 
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of  this  nature  do,  however,  occur  occasionally  in  finely-levigated 
sediments,  such  as  the  Lithographic  Slates  (Jurassic)  of  Germany 
and  the  Eocene  Slates  of  Monte  Bolca.  Impressions  of  this  kmd 
not  only  exhibit  the  form  of  the  body,  but  may  show  the  lateral 
setEe  (fig.  344)  and  the  jaws  in  place;  and  upon  such  Ehlers 
founded  the  genera  Eunicites,  Lufttbrkotiereites,  and  Meringosoma, 
all  of  which  were  originally  described  from  the  Lithographic  Slates 
(Jurassic)  of  Germany. 

Apart  from  the  comparatively  very  rare  cases  in  which,  as  above 
described,  the  body  of  the  worm  is 
itself  partially  preserved,  it  has  been 
shown  by  Hinde  and  others  that  the 
horny  jaws  of  Annehdes  are  by  no 
means  of  rare  occurrence  even  in 
strata  as  ancient  as  the  Ordovician, 
so  that  the  Palseozoic  seas  must 
have  been  tenanted  by  vast  numbers 
of  these  animals.  The  jaws  of  An- 
nelides  (fig.  345)  usually  present 
themselves  as  minute,  dark,  shining 
objects,  wholly  unconnected  with 
one  another,  or  with  the  remains  of 
the  animal  to  which  they  originally 
belonged.  Though  probably  partly 
calcified,  the  jaws  seem  to  be  in  the 
main  composed  of  chitine,  as  they 
are  not  destroyed  by  the  action  of 
mineral  acids.    They  average  about 

inch  in  length,  but  a  few  reach  a 
length  of  a  third  of  an  inch.  In 
form,  the  jaws  are  very  variable. 
In  one  type  (fig.  345,  a),  the  jaw 
is  long  and  narrow,  with  a  series  of 
nearly  similar  teeth  on  one  margin  ; 
in  another  common  form,  the  jaw  is 
furnished  with  a  powerful  anterior 
hook,  which  may  be  immediately 
succeeded  by  a  series  of  small  teeth, 
or  may  have  the  latter  on  the  straight 
edge  of  a  wide  posterior  extension 
(fig-  345)  b)  ;  other  varieties  are  in 
the  shape  of  simple  hooks  with  a 
wide  flange -like  extension  behind 
(fig-  345)  c) ;  while  others  are  falciform,  with  a  series  of  small  teeth 
on  the  curved  upper  edge.    There  are  other  variations  in  the  shape 


Fig.  344. — The  impression  of  an  Errant 
Annelide  (Eunicites  avitiis),  from  the 
Lithographic  Slates  of  Eichstadt,  of  the 
natural  size.    (After  Zittel.) 
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of  these  minute  fossils,  and  owing  to  the  isolated  condition  in  which 
they  occur,  it  is  difficult  to  refer  them  to  genera  and  species.  Most 
of  the  fossil  forms  resemble  the  jaws  of  the  living  family  of  the 
Eunicea,  and  such  have  been  referred  to  the  genera  Eunicites  (fig. 
345>  a),  Arabellites  (fig.  345,  b),  Lumbriconereites,  &c.  Others 
correspond  with  the  recent  genus  Glycera,  and  have  been  placed 
under  Glycerites  (fig.  345,  c) ;  while  Nereidavus  appears  to  represent 
the  existing  family  of  the  Lycoridea. 

As  regards  their  distribution  in  time,  Hinde  has  shown  that  these 
fossil  jaws  are  abundant  in  some  parts  of  the  Ordovician,  Silurian, 
Devonian,  and  Carboniferous  formations ;  and  they  are  also  known 
to  exist  in  Mesozoic  and  Tertiary  deposits  in  actual  connection 


Fig.  345. — Jaws  of  Annelides  from  the  Ordovician  rocks  (Cincinnati  group)  of  North  America. 
A,  Jaw  of  Eunicites  variaiis,  enlarged  3}4  times;  B,  Jaw  of  Arabellites  corniitus,  enlarged 
twelve  times;  c,  Jaw  of  Glycerites  stilcatus,  enlarged  fifteen  times.    (After  Hinde.) 

with  the  bodies  of  their  original  possessors.  If  Rohon  and  Zittel 
should  prove  to  be  correct  in  their  view  that  the  so-called  "  Cono- 
donts  "  are  really  of  the  nature  of  the  jaws  of  Annelides,  then  these 
minute  fossils  occur  in  rocks  as  ancient  as  the  Upper  Cambrian ; 
but  the  nature  of  these  problematical  bodies  will  be  dealt  with 
more  fully  later  on. 

Apart  from  the  above-mentioned  indubitable  remains  of  Errant 
Annelides,  numerous  more  or  less  distinct  worm-like  markings, 
which  are  found  in  muddy  and  sandy  sediments  throughout  almost 
the  whole  of  the  series  of  stratified  rocks,  have  been  referred  to  ani- 
mals of  this  group.  Some  of  these  (such  as  Nereites  and  Phyllo- 
docites)  have  been  described  as  being  of  the  nature  of  the  petrified 
bodies  of  Sea-worms ;  but  as  they  exhibit  absolutely  no  structure, 
it  is  in  the  highest  degree  improbable  that  this  explanation  of  their 
origin  is  correct.  The  true  nature,  in  fact,  of  most  of  the  remains 
here  in  question  must  be  regarded  as  exceedingly  uncertain.  Some 
are,  probably,  really  referable  to  the  vegetable  kingdom  ;  others  are 
almost  certainly  formed  by  Molluscs,  or  by  Crustaceans;  others 
are  of  entirely  dubious  affinities  ;  while  others  are,  doubtless,  really 
due  to  the  operation  of  Errant  Annelides.  It  may  be  added  that 
the  fossil  remains  which  have  been  referred  to  Nemertean  Worms 
cannot  at  present  be  separated,  in  any  satisfactory  manner,  from 
those  formed  by  Errant  Annelides.    Thus  the  so-called  Nemertites 
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of  the  Silurian  is  just  as  likely  to  be  Annelidan  as  Nemertean,  and 
the  nature  of  ■  the  Legnodesinus  of  the  Solenhofen  Slates  is  wholly 
problematical.  In  fact,  the  entire  subject  of  the  remains  of  fossil 
Errant  Annelides  is  one  of  the  most  obscure  and  difificult  with 
which  the  paleontologist  is  called  upon  to  deal ;  and  all  that  can 
be  done  here  is  to  glance  at  some  of  the  leading  points  of  interest 
connected  with  it,  under  the  following  heads  : — 

I.  Burrows  of  Habitation. — Various  recent  Annelides  live  buried 
in  the  sand  or  mud,  between  tide-marks  or  in  shallow  water,  and 
communicate  with  the  surface  by  means  of  a  perpendicular  shaft 
or  burrow.  Such  shafts  may,  for  convenience'  sake,  be  termed 
"  burrows  of  habitation,"  though  the  animal  forms  a  fresh  one  at 
will,  as  it  moves  from  one  spot  to  another;  and,  as  a  matter  of 
course,  they  run  in  a  direction  more  or  less  opposed  to  the  surfaces 
of  the  laminse  of  the  rock,  being  often  quite  vertical.  Sometimes 


Fig.  346.— Annelide-burrows  (Scoliihus  Canadensis)  from  the  Potsdam  Sand.stone  (Upper 
Cambrian).    (After  Billings.) 

such  burrows  are  hollow,  but  they  are  more  commonly  filled  up  by 
the  matrix  of  the  rock.  Among  the  genera  which  have  been  founded 
upon  remains  of  this  kind  are  Scolithus,  Histioderma,  and  Arini- 
colites,  all  of  which  occur  in  rocks  of  Cambrian  or  Ordovician  age. 
Scolithus  is  founded  upon  long  burrows,  which  are  nearly  straight, 
and  descend  vertically  through  the  rock  (fig.  346).  They  often 
become  somewhat  widened  out  superiorly,  and  are  generally  found 
m  great  numbers  together.  They  occur  abundandy  in  the  Pots- 
dam Sandstone  (Upper  Cambrian),  and  Clinton  formation  (Silurian) 
of  North  America,  and  also  in  the  hard  sandstones  of  the  Stiper 
Stones  in  Shropshire  (Ordovician).  They  have  been  supposed  to 
have  been  formed  by  sea-weeds,  but  there  is  little  doubt  that  they 
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are  truly  the  burrows  of  Annelides.  The  somewhat  problematical 
fossil  upon  which  the  genus  Histioderma  is  founded  is  described 
as  a  curved  burrow,  from  one  to  nearly  four  inches 
in  length,  terminating  in  a  trumpet-shaped  open- 
ing, which  is  placed  in  the  centre  of  a  small 
mound.  The  genus  Arenicolites,  again  (fig.  347), 
includes  small  double  burrows,  which  form  loops, 
shaped  like  the  letter  U,  opening  on  the  surface 
</)^^^;^r^^  apertures  placed  close  to  one  another. 

From  the  Long-  1  he  mouths  of  thesc  burrows  are  thus  placed  in 
brL"n).^^°'^^'  P^^''^'         orifice  being  supposed  to  be  an  aper- 

ture of  entrance  for  the  worm,  and  the  other  one 
of  exit.  Burrows  of  this  nature  occur  abundantly  in  the  Lower 
Cambrian  strata  of  the  Longmynd,  and  are  also  far  from  uncommon 
in  deposits  of  Ordovician  age. 

II.  Wandering  Burrows. — Various  recent  Annelides,  among 
which  the  common  Lug-worm  {Arenicola  piscatorum)  is  a  notable 
example,  form  long,  wandering,  irregular,  and  tortuous  tunnels  in 
the  sand  of  the  sea-shore,  at  a  little  distance  below  the  surface.  In 
these  cases  the  worm  subsists  upon  particles  of  organic  matter  dis- 
seminated through  the  sand  or  mud,  through  which,  therefore,  it 
literally  eats  its  way.  The  burrows  thus  formed  are,  consequently, 
very  irregular ;  they  principally  have  a  horizontal  direction ;  if 
formed  by  many  individuals,  they  may  cross  or  intersect  one 
another  in  various  ways ;  and  as  the  worm  proceeds  on  its  course, 
they  become  filled  up  in  the  rear  of  the  advancing  animal  by  the 
sand  which  has  been  passed  through  the  alimentary  canal,  some  of 
this  sand  being  often  voided  at  some  point  at  the  surface  to  form 
the  tortuous  "worm-casts,"  with  which  every  wanderer  on  the  sea- 
shore is  so  familiar.  Bodies  which  we  may  reasonably  assume  to 
be  of  essentially  the  same  nature  as  the  filled-up  "wandering  bur- 
rows "  of  worms  like  the  living  Lug-worm,  are  well  known  to  all 
workers  amongst  the  more  ancient,  muddy  and  sandy  strata  of 
the  earth's  crust,  and  they  have  received  various  names,  and  have 
had  very  various  origins  ascribed  to  them.  They  usually  present 
themselves  as  irregularly  cylindrical,  worm-like  elevations  of  the 
surfaces  of  the  strata  (fig.  348),  which  usually  are  more  or  less 
parallel  with  the  laminte  of  deposition,  but  often  run  somewhat 
obliquely  to  these,  so  as  to  thread  successive  laminte  to  one 
another.  Generally,  they  differ  slightly  in  texture  and  colour  from 
the  surrounding  rock — as  can  well  be  supposed,  if  their  origin  be 
as  above  described — and  from  their  somewhat  superior  hardness, 
they  resist  disintegration  by  weathering,  and  thus  come  to  stand 
out  prominently  above  the  surface.  Though  they  may  be  much 
matted  together,  and  may  thus  appear  to  branch,  it  is  only  in  some 
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cases  that  they  really  subdivide.  It  would  appear  that  many  of 
the  fossils  of  the  Pateozoic  rocks  which  have  been  referred  to  the 
Fucoids,  under  the  generic  titles  Falceochorda,  Falceophyais,  &c., 
may  be  really  the  filled-up  burrows  of  wandering  marine  worms, 
and  such  remains  may  at  present  be  grouped  together  under  the 
common  name  of  Flatiolites. 

While  the  above  explanation  will  account  sufficiently  for  many 
of  the  objects  which  have  been  described  under  the  name  of  Falceo- 
chorda, and  which  are  here  spoken  of  under  the  title  of  Flanolites, 
there  are  many  similar  fossils  for  which  Nathorst  would  account  in 
a  different  and  a  quite  satisfactory  manner.    It  has  been  shown, 


Fig.  348. — PlanoUtcs  vulgaris,  the  filled-up  burrows  of  a  marine  worm. 
Silurian  (Clinton  Group),  Canada.  (Original.) 


namely,  by  this  well-known  observer,  that  plaster-of-Paris  casts  of 
the  shallow  grooves  which  worms  make  in  crawling  over  the  sur- 
face of  fine  mud,  present  cylindrical  vermiform  markings  precisely 
similar  in  form  and  appearance  to  the  fossils  here  spoken  of  under 
the  name  of  Flanolites.  Nathorst  therefore  concludes  that  most, 
if  not  all,  of  such  fossils  are  really  convex  casts  of  ivhat  zuere  origin- 
ally grooves  or  furrows  ;  and  he  supports  this  contention  by  show- 
ing that  the  worm-like  markings  in  question  are  found  to  stand  out 
in  demi-relief  from  the  under  surfaces  of  the  strata.  On  this  explana- 
tion— which  would  probably  account  satisfactorily  for  very  many  of 
these  worm-like  fossils — the  structures  here  spoken  of  would  really 
be  of  the  nature  of  tracks,  rather  than  of  filled-up  burroivs.    At  the 
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same  time,  there  are  undoubtedly  some  examples  which  may  be 
regarded  as  burrows  and  not  as  tracks,  since  there  are  specimens  in 
which  the  cylindrical  worm-like  markings  pass  obliquely  from  one 
lamina  to  another,  instead  of  being  confined  to  a  single  surface  of 
deposition.  Another  point  that  may  be  noted  in  connection  with 
this  subject  is,  that  it  has  been  shown  by  Nathorst  that  the  tracks 
of  certain  Annelides  upon  the  surface  of  mud  or  sand  are  branched. 
The  fact,  therefore,  that  many  of  the  fossils  described  under  such 
titles  as  Palcsochorda  and  Palaophycus  are  seen  to  branch,  would  not 
be  in  itself  sufficient  to  preclude  acceptance  of  the  explanation  of 
their  origin  put  forward  by  Nathorst. 

In  connection  with  the  burrows  of  worms,  a  word  may  be  said  as 
to  the  curious  vermiform  bodies  which  occur  abundantly  in  the 
Lithographic  Slates  (Jurassic)  of  Solenhofen,  and  which  have  been 
described  under  the  name  of  Lumbricaria.  The  fossils  in  question 
are  about  as  thick  as  a  quill  in  some  cases,  but  in  others  are  only 
of  the  dimensions  of  twine,  and  they  form  convoluted  and  confused 
elevations  on  the  surface  of  the  beds.  They  have  generally  been 
looked  upon  as  of  the  nature  of  casts  of  the  alimentary  canal — true 
"  worm-casts  "  in  fact — of  marine  worms  ;  and,  judging  from  their 
appearance,  this  explanation  of  their  nature  is  probably  correct. 

III.  Trails  and  Tracks. — Lastly,  we  have  to  deal  briefly  with  a 
great  group  of  fossils  which  have  been  supposed  to  be  of  the  nature 
of  the  "  trails  "  of  Errant  Annelides — that  is  to  say,  markings  formed 
by  the  animal  dragging  its  soft  body  over  the  surface  of  wet  sand  or 
mud,  between  tide-marks  or  in  shallow  water.  Markings  of  this 
nature  are  extremely  abundant  in  many  of  the  older  rocks,  and  in 
many  cases  no  doubt  can  be  entertained  as  to  their  being  really  the 
tracks  of  some  marine  animal.  Even  in  these  cases,  however,  it  is 
at  present  impossible,  in  the  majority  of  instances,  to  discriminate 
between  the  trails  produced  by  Annelides  and  those  formed  by 
Univalve  Molluscs  or  by  Crustaceans.  There  are,  nevertheless, 
certain  tracks  which  may  be  regarded  with  considerable  probability 
as  Annelidan.  This  is  especially  true  of  the  Silurian  fossils  upon 
which  the  genera  iV^mVw  (fig.  349,  b)  Tmd.  Phyllodocites  (fig.  349,  a) 
have  been  founded.  In  these  cases  we  have  long,  sinuous,  and 
often  sharply-bent  impressions  on  the  surfaces  of  the  strata,  which 
consist  of  a  central,  broader  or  narrower  axis,  representing  the  body 
of  the  worm,  and  of  a  series  of  lateral,  more  or  less  leaf-like  mark- 
ings, representing  the  foot-tubercles.  These  tracks,  and  others  like 
them,  have  commonly  been  supposed  to  represent  the  actual  body  of 
the  Annelide,  now  replaced  by  mud ;  but,  as  before  remarked,  it  is 
very  difficult  to  conceive  of  such  a  replacement,  and  it  is  more  likely 
that  we  have  simply  the  trail  of  the  animal  formed  by  its  serpentine 
wandering  over  the  surface  of  soft  mud. 
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Another  fossil,  which  is  extremely  abundant  in  the  Silurian  rocks 
of  some  localities,  and  which  has  generally  been  supposed  to  be  the 


f  w  3''?'~'^'  ^  poit'on  of  the  trail  of  Phyllodocitcs  Jacksmii,  from  the  Silurian  slates 

01  Wurtzbach,  of  the  natural  size  (after  Geinitz) ;  B,  Small  portion  of  the  trail  of  A'erciics 
J.oomisii.  from  the  same  locality,  natural  size  (after  Geinitz);  c,  Fragment  of  a  slab,  showmg 
tVynamies  tenuis,  from  the  Silurian  slates  of  Thornilee,  Peeblesshire,  of  the  natural  size.  Tlie 
Slab  has  split  at  different  levels  in  different  parts,  and  the  fossil  is  seen  to  cut  vertically  across  the 
lammK  of  deposition,  the  surfaces  thus  formed  being  concentrically  striated.  (Original.) 


track  of  an  Annelide,  is  Myrianites.  In  ordinary  specimens  of  this 
genus  (fig.  349,  c)  all  that  is  seen  is  that  the  surfaces  of  the  strata 
are  marked  by  winding  and  tortuous  linear  impressions,  of  extremely 
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small  comparative  width,  and  easily  recognisable  from  the  matrix  by 
their  darker  colour  and  slightly  different  texture.  These  meandering 
markmgs  wmd  over  the  surface  of  the  stone  in  indefinite  undulations, 
often  appearing  to  cross  one  another ;  and  no  one,  looking  at  such 
a  specimen,  would  be  inclined  to  doubt  that  he  had  to  deal  with 
the  trails  left  upon  the  mud  of  the  sea-shore  by  some  soft-bodied 
marine  animals,  though  he  might  question  if  these  could  be  An- 
nelides.  Other  specimens,  however,  of  the  same  fossil,  which  have 
been  carefully  examined  by  the  author,  prove  conclusively  that,  in 
spite  of  appearances,  Myrianites  is  not  only  not  Annelidan  in'  its 
nature,  but  that  it  cannot  possibly  be  the  track  of  any  animal  what- 
ever. It  can  be  shown,  in  fact,  that  the  narrow  serpentine  markings 
upon  the  surface  of  the  stone,  which  are  .universally  understood 
under  the  name  Myrianites,  are  really  the  cut  edges  of  thin  vertical 
laminar  expansions,  sinuously  folded,  and  seen  in  horizontal  section. 
In  fig-  349)  c,  a  portion  of  one  of  the  specimens  referred  to  is 


Fig.  350. — Crossofodia  Scotica,  a  supposed  Annelide  track.    Silurian.    (After  M'Coy.) 


figured,  from  which  it  will  be  seen  that  the  fossil  cuts  directly  across 
the  lamincB  of  deposition,  its  actual  surface  (where  exposed  by  exfolia- 
tion of  a  part  of  the  slab)  being  marked  with  concentric  striae.  It 
is  therefore  quite  clear  that  Myrianites  was  really  a  thin,  erect,  folded, 
leaf-like  expansion,  of  some  kind  or  another,  and  that  what  paljeon- 
tologists  have  described  under  this  name  is  only  the  horizontally-cut 
edge  of  this  expansion  as  seen  on  the  surface  of  the  stratum.  What 
Myrianites  really  is,  is  quite  an  open  question.  It  is,  perhaps,  a 
peculiar  form  of  Fucoid.  That  it  is  not  Annelidan  seems  perfectly 
certain. 

Another  fossil  which  has  generally  been  regarded  as  referable  to 
the  Errant  Annelides  is  the  Crossopodia  of  M'Coy  (fig.  350),  also 
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very  abundant  in  certain  Silurian  strata.  In  this  fossil  there  is  a 
central  narrow  groove,  which  winds  in  serpentine  bends  over  the 
surface  of  the  stone,  and  is  supposed  to  represent  the  body  of  the 
animal  bounded  on  each  side  by  a  broader  and  generally  ill-defined 
space  supposed  to  represent  the  foot-tubercles.  That  Crossopodia, 
however,  should  be  the  petrified  body  of  an  Errant  Annelide  seems 
almost  incredible,  and  that  it  is  even  the  track  of  one  of  these 
creatures  is  extremely  improbable.  In  well-preserved  specimens  of 
any  size,  the  impressions  known  under  this  name  are  seen  to  wind 
backwards  and  forwards  over  the  stone  in  a  succession  of  long  loops 
which  are  placed  quite  close  together,  and  which  could  hardly  have 
been  produced  by  any  animal  in  a  movement  of  forward  progression. 
There  is,  indeed,  some  evidence  that  the  impressions  of  Crossopodia 
really  cut  direcdy  across  the  laminse  of  deposition  to  some  depth, 
and  that  they  have  some  direct,  though  at  present  not  understood, 
connection  with  Myrianites. 

As  might  have  been  expected,  any  fossils  which  can  be  supposed 
with  any  probability  to  be  the  tracks  of  Annelides,  or  of  other 
marine  animals,  present  themselves  as  depressed  or  concave  markings 
on  the  upper  surfaces  of  the  strata.  The  casts  of  these  markings, 
however,  are  often  to  be  observed  on  the  imder  surfaces  of  the  beds, 
and  these,  as  a  matter  of  course,  present  themselves  as  convex  or 
elevated  impressions.  When  the  beds  are  vertical,  or  when  the 
specimens  are  not  found  actually  in  situ,  it  is  impossible  to  distin- 
guish between  these  two  classes  of  specimens ;  especially  as  some 
elevated  impressions,  supposed  to  be  tracks,  do  really  occur  on  the 
upper  surfaces  of  the  strata.  Such  impressions,  in  the  opinion  of 
Principal  Dawson,  "  have  been  left  by  denudation  of  the  surround- 
ing material,  just  as  footprints  on  dry  snow  sometimes  remain  in 
relief  after  the  surrounding  loose  snow  has  been  drifted  away  by 
the  wind,  the  portion  consolidated  by  pressure  being  better  able  to 
resist  the  denuding  agency." 

As  has  been  already  pointed  out,  however,  there  is  strong  reason 
for  accepting  the  conclusion  of  Nathorst  that  many  of  the  elevated 
worm-like  markings  that  are  seen  in  muddy  and  sandy  sediments  are 
in  reality  casts  of  grooved  tracks  or  furrows  which  have  been  pro- 
duced by  the  movements  of  Annelides  and  other  marine  animals 
over  fine  silt. 

Before  leaving  this  obscure  subject  finally,  it  may  be  well  to 
notice  briefly  one  or  two  considerations  which  bear  upon  the  ques- 
tion of  the  origin  and  real  nature  of  markings  such  as  we  have  been 
considering.  In  the  first  place,  the  late  Mr  Albany  Hancock,  in 
an  extremely  able  memoir,  advocated  the  view  that  the  vermiform 
fossils  of  the  older  rocks  may  have  been,  in  general  at  any  rate, 
produced  by  Crustaceans.    He  showed  that  similar  markings  are 
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produced,  at  the  present  day,  by  small  Amphipod  Crustaceans 
{^Ji/cator  arenarius  and  Kroyera  arenaria),  which  burrow  immedi- 
ately below  the  sand  on  the  sea-shore,  and  give  rise  to  the  following 
appearances:  (i.)  Large  tracks,  about  3-8ths  of  an  inch  wide, 
slightly  raised,  ribbon-like  in  shape,  with  a  median  groove,  often 
mtricate  and  convoluted,  sometimes  knotted,  and  several  feet  in 
length;  (2.)  Narrow  wedge-shaped  furrows,  2-ioths  of  an  inch 
wide,  winding  capriciously  and  often  abruptly  over  the  surface; 
(3.)  Nodulated  or  articulated  tracks,  consisting  of  a  small  furrow,' 
with  a  rounded  ridge  on  one  side.  Mr  Hancock  shoAved  that 
tracks  of  these  three  kinds  are  actually  produced  by  the  above- 
named  small  Crustaceans,  which  burrow  beneath  the  sand,  but  a 
short  way  below  the  surface,  "  the  arch  or  tunnel  thus  formed  par- 
tially subsiding,  as  the  creature  moves  forwards,  and  breaking  along 
the  centre,"  thus  giving  rise  to  a  median  groove.  There  is  no 
doubt  that  the  phenomena  so  carefully  observed  by  Mr  Hancock 
throw  considerable  light  upon  the  subject  of  the  supposed  Anne- 
lide  tracks  of  muddy  and  sandy  sediments ;  but  there  is  room  for 
much  hesitation  before  concluding  that  any  of  these  tracks,  in  the 
older  rocks  at  any  rate,  were  really  formed  by  Crustaceans  like  the 
living  Sulcator  arenarius.  One  ground  for  such  hesitation  need 
alone  be  brought  forward  here — namely,  that  the  so-called  "Anne- 
lide-tracks  "  of  the  older  Palaeozoic  rocks  often  occur  in  vast  num- 
bers, in  finely-levigated  deposits,  and  throughout  a  thickness  of 
sometimes  hundreds  of  feet  of  strata,  and  that  it  is  almost  incon- 
ceivable that  traces  of  the  makers  should  not  have  been  detected 
in  the  same  beds,  supposing  them  to  have  been  formed  by  animals 
which,  like  Crustaceans,  have  a  skeleton  highly  susceptible  of 
preservation  in  the  fossil  condition. 

In  the  second  place,  there  are  good  grounds  for  ascribing  certain 
forms  of  "  tracks,"  which  have  often  been  regarded  as  Annelidous, 
to  the  operation  of  Univalve  Molluscs.  It  is  well  known  that  many 
Gasteropods,  in  crawling  over  the  surface  of  sand  or  mud,  give  rise 
to  sinuous  or  intercrossing  trails,  the  general  feature  of  which  is  the 
presence  of  a  median  furrow  or  groove,  which  may  or  may  not  be 
bordered  by  a  series  of  lateral  markings  on  each  side.  Thus,  the 
annexed  engraving  (fig.  351)  shows  the  track  of  a  common  living 
Gasteropod  {Purpura  lapillus)  when  moving  over  firm  sand,  and  it  will 
be  at  once  seen  that  the  markings  produced  by  this  Univalve  are 
exceedingly  similar  to  the  supposed  Annelide-trails  upon  which  the 
genus  Crossopodia  has  been  founded,  both  consisting  of  a  central 
groove,  bounded  by  lateral  raised  margins.  While  it  may  therefore 
be  regarded  as  very  probable  that  some  supposed  worm-tracks  have 
been  formed  by  Molluscs,  it  cannot  be  altogether  overlooked  that 
we  do  not  usually  meet  with  the  fossil  shells  of  such  Molluscs  in 
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the  deposits  in  which  the  trails  occur,  as  we  might  reasonably 

expect  to  do.  ,  ,    ,     1  j 

Principal  Dawson,  again,  suggests  "that  Alg^  and  also  land- 
plants,  drifting  with  tides  and  currents,  often  make  the  most  remark- 
able and  fantastic  trails,"  which  might  easily  be  mistaken  for  the 


fr:  -C-^ 


Fig-  35I-— Track  of  the  living  Purpura  lapillus  on  firm  sand,  reduced  three  diameters. 
(From  a  drawing  made  by  the  late  Robert  Gray.) 

tracks  of  Annelides.  This  suggestion  is  a  very  valuable  one,  but 
certainly  will  not  explain  the  origin  of  the  majority  of  the  so-called 
"  Annelide-tracks "  of  the  Paleeozoic  rocks,  the  regular  serpentine 
form  of  which  is  one  of  their  most  remarkable  features. 

Lastly,  some  observers  are  disposed  to  see  in  these  supposed 
tracks  and  trails  the  remains  of  various  forms  of  Algce,  the  drifted 
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s  ems  of  which,  lying  on  the  surface  of  mud  or  sand,  have,  by  their 
slow  decay,  given  rise  to  the  worm-Hke  markings  which  we  have 
been  here  considering.  The  evidence  in  favour  of  this  view  does 
not  appear  to  be  satisfactory,  but  it  is  impossible  to  pursue  further 
this  mtricate  subject  in  this  place.  The  student  desirous  of  fuller 
information  on  this  difficult  question  may  be  referred  more  particu- 
larly to  the  important  and  beautifully  illustrated  memoir  which  Pro- 
fessor Nathorst  has  published  upon  the  tracks  and  markings  produced 
by  various  living  forms  of  Invertebrates. 
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CHAPTER  XXVIII. 
ARTHROPODA. 
Crustacea. 

The  division  of  the  Arthropoda  or  "Articulate  Animals"  com- 
prises the  four  great  classes  of  the  Crustacea  (Lobsters,  Crabs,  Sic), 
the  Arachnida  (Spiders  and  Scorpions),  the  Myriopoda  (Centipedes 
and  Millepedes),  and  the  Inseda  (the  Insects  properly  so  called), 
and  is  distinguished  as  follows  : — 

The  body  is  composed  of  a  series  of  segments  or  '■^somites''  which 
are  usually  definite  in  number,  and  which  are  arranged  along  a  lon- 
gitudinal axis.  Each  segment  may  be  provided  with  a  single  pair  of 
appendages,  and  these  are  always  jointed,  and  are  articulated  to  the 
body.  Roth  the  segmented  body  and  the  articulated  appendages  are, 
as  a  rule,  furnished  with  a  chitinous,  often  more  or  less  extensively 
calcified,  exoskeleton,  formed  by  a  hardening  of  the  integume?it.  The 
appendages  are  hollow,  and  the  muscles  are  prolonged  into  their  in- 
terior. The  nervous  system  consists,  typically,  of  a  double  chain  of 
ganglia  placed  along  the  ventral  surface  of  the  body,  united  by  longi- 
tudinal cot7imissures,  and  traversed  anteriorly  by  the  oesophagus.  The 
heart,  when  present,  is  situated  dorsally.  When  distinct  respiratory 
organs  are  present,  they  may  be  in  the  form  of  gills  or  branchice,  or 
they  fnay  be  saccular  or  tubular  involutions  of  the  integument  {^pul- 
monary sacs  or  trachece)  adapted  for  breathing  air  directly. 

If  the  King-crabs  and  the  Eurypterids  be  retained  in  the  Crus- 
tacea, then  the  classes  of  the  Arachnida,  Myriopoda,  and  Insecta 
comprise  those  Arthropods  which  breathe  air  directly,  and  which 
are  thus,  in  general,  adapted  for  a  terrestrial  life.  On  the  other 
hand,  the  Crustacea  are  essentially  water-breathing  animals,  and 
even  those  forms  which  are  terrestrial  in  their  habit,  possess  respir- 
atory organs  in  the  form  of  branchiae.  From  their  generally  aquatic 
mode  of  life,  and  the  usually  more  resistant  character  of  their  exo- 
skeleton, the  Crustacea  are  more  abundantly  represented  in  the 


492 


ARTHROPODA. 


fossil  condition  than  is  any  of  the  other  classes.  All  the  four 
great  classes  of  Arthropods  are,  however,  known  to  have  been  in 

wPr?"r       if^'^J  the  Crustaceans 

vvere  thoroughly  differentiated  in  the  Cambrian  period     It  is 
therefore,  clear  that  the  point  of  divergence  of  the  four  primary 
groups  of  Arthropods  must  be  sought  for  in  a  period  long  anterior 
to  the  Cambrian  ;  and  it  is  hardly  probable  that  we  shall  ever  be- 
come acquainted  with  the  primitive  form  from  which  the  "  phylum  " 
of  the  Arthropoda  took  its  origin. 


Class  I.  Crustacea. 

The  class  of  the  Crustacea  may  be  generally  defined  as  compris- 
ing Arthropods  which  are  essentially  water-breathers,  and  usually  are 
provided  zvith  gills  or  branchice.     The  segme?its  of  the  body  are  usu- 
ally definite  in  number,  and  sotne  of  them  almost  invariably  carry 
joi7ited  appendages.     The  head,  typically,  carries  two  pairs  of  anteji- 
71CR ;  some  of  the  appendages  are  modified  to  act  as  masticating  or- 
gans ;  and  the  segments  of  the  abdomen  are  commonly  furnished  with 
locomotive  appendages.    The  body  is  protected  by  a  chitinous  or 
partially  calcified  exoskeleton  or  ''crust,"  and  the  mwiber  of  am- 
bulatory limbs  is  mostly  from  five  to  seven.     The  Crustacea,  in 
general,  pass  in  development  through  a  distinct  metamorphosis,  but 
the  nature  of  this  differs  in  different  cases. 

The  body  of  a  typical  Crustacean,  such  as  a  Lobster,  generally 
exhibits  a  division  into  three  regions — a  head,  a  thorax,  and  an 
abdomen  —  each  of  which  is  composed  of  a  certain  number  of 
somites,  which  may  be  free,  or  may  be  more  or  less  indistinguish- 
ably  fused  with  one  another.  Very  commonly,  the  segments  of 
the  head  and  thorax  are  united  together  into  a  "  cephalothorax," 
which  may  be  protected  by  a  common  shield  or  "carapace" 
(fig-  352,  ca).  The  segments  of  the  abdomen  may  be  separate 
and  movable  on  one  another,  or  a  smaller  or  larger  number  of 
the  terminal  segments  may  be  fused  to  form  a  caudal  shield  or 
"pygidium."  The  last  segment  of  the  abdomen  (fig.  352,  t) 
is  known  as  the  "telson,"  and  is  generally  without  appendages, 
while  the  anus  opens  on  its  lower  surface.  The  "  telson  "  has  been 
variously  regarded  as  an  unpaired  appendage,  as  a  segment  devoid 
of  appendages,  or  as  representing  an  aborted  region  of  the  body, 
the  latter  being  the  view  which,  on  various  grounds,  seems  to  be 
the  most  probable  one. 

Each  segment  of  the  body  of  a  Crustacean  may  be  regarded 
as  essentially  composed  of  a  convex  upper  plate  ("tergum"), 
closed  below  by  a  flatter  ventral  plate  ("  sternum "),  the  line 
where  the  two  unite  being  produced  downwards  and  outwards,  or 
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outwards  only,  into  a  plate  which  is  known  as  the  "pleuron"  or 
"pleura"  (fig.  353).  Each  segment  of  the  body  may  carry  a  pair 
of  appendages  (even  the  telson  being  sometimes  furnished  with 
such) ;  and  the  typical  appendage  of  the  Crustacea  consists  of  an 
undivided  basal  portion,  or  "  protopodite," 
to  which  are  attached  two  diverging  branches 
(fig.  353).  The  outer  of  these  branches  is 
termed  the  "exopodite,"  and  the  inner  the 
"  endopodite "  ;  but  one  or  other,  or  both, 
of  these  terminal  divisions  of  the  appendage 
may  be  suppressed. 

The  head  in  the  Crustacea  as  a  rule 
carries  in  front  a  pair  of  eyes,  which  in 
the  higher  forms  are  "compound,"  being 
made  up  of  a  variable  number  of  separate 
lenses  united  side  by  side.  The  eyes  may 
be  fixed  directly  to  the  head,  as  in  the 
"  Sessile-eyed "  Crustaceans  (Hedriophthal- 
mata),  or  may  be  carried  upon  longer  or 
shorter  movable  peduncles,  as  in  the  "  Stalk- 
eyed"  Crustaceans  {Podophthalmata).  Be- 
hind the  eyes,  the  head  carries,  in  general, 
two  pairs  of  jointed  feelers  or  "  antenn£e," 
the  first  pair  ("  antennules ")  being  com- 
paratively small,  while  the  hinder  pair 
("  great  antennae  ")  is  of  larger  size.  The 
segments  immediately  posterior  to  this  carry 
three  pairs  of  jaws — the  "  mandibles,"  and 
the  first  and  second  pairs  of  "maxillse." 
All  these  are  modified  appendages,  and 
therefore  are  in  pairs,  and  work  from  side 
to  side.  The  mandibles  constitute  the  most 
powerful  pair  of  jaws,  and  consist  usually 
of  a  strong  toothed  protopodite  to  which  a 
short  endopodite  (the  "  mandibular  palp  ")  is 
attached.  Between  the  bases  of  the  mandi- 
bles is  the  aperture  of  the  mouth,  bounded 
in  front  by  an  undivided  chitinous  plate  (the 
"  hypostome  "  or  "  labrum  "),  and  behind  by 
a  usually  forked  lower  lip  or  "  metastoma." 
The  first  pairs  of  thoracic  appendages  are 

generally  intermediate  in  structure  between  walking-legs  and  jaws, 
and  constitute  what  are  known  as  "  foot-jaws  "  or  "  maxillipedes  "  ; 
while  the  hinder  ones  are  more  especially  devoted  to  locomotion. 
The  thoracic  appendages  vary,  however,  extremely  in  form  and 


Fig.  352. — Lobster  with  all 
the  appendages  except  the  ter- 
minal swimmerets  removed, 
and  the  abdominal  somites 
separated  from  one  another, 
r,  "  Rostrum  "  ;  ca,  Carapace, 
covering  the  cephalic  and  thor- 
acic segments.  i  to  6,  The 
first  six  segments  of  the  ab- 
domen. No.  6  carries  the  last 
pair  of  swimmerets.    t,  Telson. 
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structure  in  different  groups  of  the  Crustaceans.  In  the  Decapod 
Crustaceans  five  pairs  of  the  thoracic  appendages  are  in  the  form 
of  walking-legs ;  while  other  groups  (such  as  the  Isopods)  have 

seven  pairs  of  ambulatory  limbs; 
and  in  others,  again,  the  number  of 
locomotive  thoracic  Hmbs  may  be 
greater  or  less  than  the  above.  The 
abdominal  appendages  are  very  vari- 
able in  form  and  function,  but  they 
are  mostly  primarily  concerned  in 
locomotion,  though  often  modified 
to  serve  as  respiratory  organs,  or,  in 
the  females,  carrying  the  eggs. 

As  regards  their  classification,  the 
Crustacea  may  be  divided  into  the 
two  primary  sections  of  the  Etitomo- 
straca  and  the  Malacostraca.  The 
first  of  these  includes  a  great  num- 
ber of  comparatively  simple  Crusta- 
ceans, in  which  the  number  of  the 
segments  and  appendages  is  very 
variable,  sometimes  rising  above  the 
normal,  and  sometimes  falling  below  it.  The  second  division  in- 
cludes the  more  highly  organised  Crustaceans,  in  which  the  num- 
ber of  the  segments  and  appendages  is  definite.  The  Cirripedes 
(with  the  Rhizocephala)  may  be  provisionally  regarded  as  a  third 
division  under  the  name  of  Anchoracephala,  characterised  by  the 
fact  that  the  adult  is  attached  to  foreign  bodies  by  the  metamor- 
phosed head.  The  orders  included  in  these  three  divisions  are 
shown  in  the  following  table  : — 


Fig-  353-— The  third  abdominal  somite 
of  the  Lobster,  separated,  t,  Tergiim  ;  s. 
Sternum;  Pleura;  a,  Protopoditeof  the 
appendage;  b,  Exopodite;  c,  Endopodite. 


Sub-class  I.  Anchoracephala. 
Order  i.  Cirripedia. 


Sub-class  II.  Entomostraca. 


Order  i.  Ostracoda. 

„  2.  Copepoda. 

„  3.  Cladocera. 

„  4.  Phyllopoda. 

„  5.  Phyllocarida. 

„  6.  Trilobita. 

„  7.  Xiphosura. 

,,  8.  Etirypterida. 


] 
\ 


Legion^  Lophyropoda. 


Legio7i,  Branchiopoda. 


I  Legion,  Merostomata. 
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Sub-class  III.  Malacostraca. 

Division  a.  Hedriophthalmata. 

Order  i.  Amphipoda. 
„     2.  Isopoda. 

Division  b.  Podophthalmata. 

Order  i.  Cumacea. 

„     2.  Stomatopoda. 

„     3.  Schizopoda. 

„     4.  Decapoda. 

As  regards  the  general  distribution  of  the  Crustacea  in  time,  re- 
mains of  animals  belonging  to  this  class  are  abundant  in  the  fossil- 
iferous  formations  generally,  from  the  Cambrian  onwards.  Nor  are 
these  remains  confined  to  purely  marine  formations,  since  many 
Crustaceans  are  inhabitants  of  fresh  or  brackish  waters,  and  the 
remains  of  such  are  of  common  occurrence  in  lacustrine  or  estuarine 
deposits.  The  most  ancient  group  of  the  Crustaceans  is  that  of  the 
Trilobites,  which  is  represented  early  in  the  Cambrian  period,  and 
continued  to  exist  till  the  close  of  Palaeozoic  time  (Permian). 
Nearly  as  old  a  group  is  that  of  the  Phyllocarida,  the  latest  repre- 
sentatives of  which  appear  in  the  Trias.  The  Eurypterids,  again, 
like  the  Trilobites,  are  exclusively  Palaeozoic,  the  earliest  forms  of 
this  group  appearing  in  the  Ordovician  period.  Most  of  the  other 
orders  of  Crustaceans  appear  to  have  come  into  existence  within  the 
limits  of  the  Palaeozoic  period,  though  some  doubt  may  be  felt  as 
to  the  systematic  position  and  affinities  of  some  of  the  ancient  forms 
which  have  been  referred  to  certain  of  the  higher  orders  of  the  class. 
The  Decapod  Crustaceans,  which  represent  the  highest  stage  of 
development  in  the  class,  have  their  beginnings  in  the  Palaeozoic 
period,  but  they  do  not  attain  a  dominant  position  till  the  Mesozoic 
deposits  are  far  advanced,  and  they  have  attained  their  maximum 
at  the  present  day. 


Sub-class  I.  Anchoracephala. 

Order  Cirripedia. 

The  order  of  the  Cirripedia  includes  a  series  of  aberrant  Crusta- 
ceans, of  which  the  most  familiar  forms,  and  the  only  ones  which 
occur  in  the  fossil  condition,  are  the  Acorn-shells  and  their  allies 
{Balanida  and  Verriicidce)  and  the  Barnacles  {Lepadidm).  The 
essential  feature  of  the  order  is  that  the  larva  has  the  form  of 
a  free-switnniing  "  nauplius"  hit  the  adult  is  fixed  by  means  of  its 
modified  antenna,  and  is  enclosed  in  an  integumentary  sac,  ivithin 
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ivhich  a  many-valved  shell  is  typically  developed.  The  abdomen  is 
rudimenlary,  and  the  thorax  usually  carries  six  pairs  of  multiartic- 
ulate  lijnbs  {''cirri"),  each  of  zvhich  consists  of  a  protopodite  carrying 
a  long,  Jointed  e?idopodite  and  exopodite. 

The  typical  Cirripedia  are  distinguished  by  the  fact  that  in  the 
adult  condition  they  are  permanently  fixed  to  some  solid  object  by 
the  anterior  extremity  of  the  greatly  metamorphosed  head ;  the  first 
three  cephalic  segments  being  much  developed,  and  enclosing  the 
rest  of  the  body.  The  larva  is  free  and  locomotive,  and  the  subse- 
quent attachment,  and  conversion  into  the  fixed  adult,  is  effected 
by  means  of  a  peculiar  secretion,  or  cement,  which  is  discharged 
through  the  antennae  of  the  larva,  and  is  produced  by  special  cement- 
glands.    In  the  Cirripedia,  therefore,  the  head  of  the  adult  is  per- 


Fig.  354. — Morphology  of  Cirripedia.  A,  Lcpas  pccitnata,  one  of  the  Barnacles,  one  side  of 
the  shell  being  removed,  enlarged  four  times :  c.  Peduncle  ;  d.  Cement-duct ;  0,  Ovary ;  s, 
Ovisac;  v,  Vas  deferens;  p,  Penis.  B,  Pacilasma  fissa,  enlarged  five  times;  c,  Peduncle, 
c,  Balaniis  balanoides,  viewed  from  above,  of  the  natural  size,  d,  Balajius  tintinnaiulum, 
with  the  shell  on  one  side  removed  to  show  the  animal ;  a.  One  of  the  valves  ("scutum  ")  of  the 
operculum  ;  b,  Another  valve  ("  tergum  ")  of  the  operculum.    (After  Darwin  and  Pagenstecher.) 

manently  fixed  to  some  solid  object,  and  the  visceral  cavity  is  pro- 
tected by  an  articulated  calcareous  shell,  or  by  a  coriaceous  envelope 
(fig.  354).  The  posterior  extremity  of  the  animal  is  free,  and  can 
be  protruded  at  will  through  the  orifice  of  the  shell.  This  extremity 
consists  of  the  rudimentary  abdomen,  and  of  six  pairs  of  forked, 
cirrated  limbs,  fringed  with  hairs,  which  are  attached  to  the  thora.x, 
and  serve  to  provide  the  animal  with  food.  The  two  more  important 
types  of  the  Cirripedia  are  the  Acorn-shells  {Balanidce  and  Verru- 
cidce)  and  the  Barnacles  {Lepadidce).  In  the  former  the  animal  is 
sessile,  the  larval  antennae,  through  which  the  cement  exudes,  being 
embedded  in  the  centre  of  the  membranous  or  calcareous  "  basis  " 
of  the  shell.  In  the  latter  the  animal  is  stalked,  and  consists  of  a 
"peduncle"  and  a  "  capitulum."     The  peduncle  consists  of  the 
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anterior  extremity  of  the  body,  with  the  larval  antennae,  usually 
cemented  to  some  foreign  body.  The  capitulum  is  supported  upon 
the  peduncle,  and  consists  of  a  case  composed  of  several  calcareous 
plates,  united  by  a  membrane,  enclosing  the  remamder  of  the 
animal. 

The  group  of  the  Rhizocephala  differs  in  many  respects  from  that 
of  the  typical  Cirripedes,  cement-glands  being  absent,  and  the  animal 
being  fixed  parasitically  to  the  bodies  of  other  Crustaceans  by  means 
of  branched  root-like  processes  derived  from  the  metamorphosis  of 
the  antennae,  while  the  alimentary  canal  and  limbs  are  absent. 

The  order  of  the  Cirripedia  is  divisible  into  four  principal  divi- 
sions— the  Thoracica,  the  Abdotninalia,  the  Apoda,  and  the  Hhizo- 
cephala — of  which  only  the  sub-order  of  the  Thoracica  is  known  to 
possess  fossil  representatives.  This  sub-order  includes  the  Acorn- 
shells  and  Barnacles,  in  which  the  body  is  protected  by  a  more  or 
less  complete  calcareous  shell ;  and  as  it  is  with  the  shell  that  the 
paleontologist  has  to  deal,  some  details  must  be  given  as  to  its 
general  structure. 

As  regards  the  microscopic  structure  of  the  shell,  the  calcareous 
tissue  of  the  exoskeleton  is  exceedingly  hard  and  compact,  and 
shows  in  thin  sections  a  finely  granular  structure.  In  the  Lepa- 
doids  the  shell-structure  is  very  dense,  with  an  obscure  fibrous 
arrangement,  but  in  many  Balanoids  a  coarse  cellular  or  tubular 
structure  is  present,  the  tubes  being  of  large  size,  and  being  crossed 
by  transverse  partitions. 

In  the  symmetrical  Sessile  Cirripedes  or  Balanidce,  commonly 
known  as  Acorn-shells,  the  animal  is  protected  by  a  calcareous  shell 
formed  by  calcifications  within  the  walls  of  the  first  three  cephalic 
segments.  The  animal  is  placed  within  the  shell,  head  downwards, 
and  is  fixed  to  the  centre  of  a  shelly  or  membranous  plate,  which 
closes  the  lower  aperture  of  the  shell,  and  which  is  termed  the 
"basis"  (fig.  355,  a,  /).  The  "basis"  is  fixed  by  its  outer  surface 
to  some  foreign  object,  and  is  sometimes  compact,  sometimes  porous. 
Above  the  basis  rises  a  limpet-shaped,  conical,  or  cylindrical  shell, 
which  is  open  at  the  top,  but  is  capable  of  being  completely  closed 
by  a  pyramidal  lid  or  "  operculum."  Leaving  the  operculum  out  of 
consideration  at  present,  the  sides  of  the  shell  are  seen  to  be  com- 
posed of  from  four  to  eight  separate  pieces  or  valves,  or,  as  they 
are  technically  called,  compartments.  These  compartments  are 
usually  closely  contiguous  by  their  lateral  margins,  and  are  separ- 
ated by  lines  of  division  or  "  sutures "  ;  but  they  are  sometimes 
anchylosed  together.  Each  compartment  consists  of  a  main  central 
portion,  which  is  termed  the  "paries"  (fig.  355,  b,/),  and  which  is 
attached  below  to  the  "  basis  "  of  the  shell.  The  "  paries  "  grows 
downwards,  so  that  the  whole  shell  increases  by  additions  made 
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round  the  base.  The  paries  of  each  compartment  is  flanked  by 
wmg-Hke  portions,  which  differ  from  the  paries  in  appearance, 
and  are  called  "  radii "  and  "  ate,"  according  to  their  shape  (fig! 
355j  b,  c).  Sometimes  the  paries  has  a  "radius "on  both  sides, 
sometimes  "  alse  "  on  both  sides,  and  sometimes  an  ala  on  one  side 
and  a  radius  on  the  other. 

The  separate  compartments  of  the  shell  receive  special  names 
according  to  their  position.  The  compartment  at  the  end  of  the 
shell  where  the  animal  thrusts  out  its  cirrated  limbs,  is  called  the 
"carina"  (fig.  355,  a);  and  the  compartment  immediately  opposite 
to  this  the  "rostrum."  The  remaining  compartments  are  "lateral," 
the  one  nearest  the  carina  "  carino-lateral,"  the  one  nearest  the 
rostrum  "  rostro-lateral,"  and  the  middle  one  simply  "  lateral "  (fig. 
355)  a)  ;  but  the  three  rarely  coexist. 

The  "operculum"  or  lid  of  the  shell  consists  of  two  pairs  of 
valves,  known  as  the  "  scuta  "  and  "  terga,"  forming  a  little  pyramid 
or  cone,  attached  within  the  orifice  of  the  shell  by  a  membrane. 
Each  scutum  opens  and  shuts  against  its  fellow  along  one  margin 
(the  "occludent"  margin),  and  articulates  with  one  of  the  terga 


Fig.  355. — Shell  of  Balanidse.  A,  Diagram  of  the  shell  of  Balanus :  I  /,  Basis  ;  c,  Carina  ; 
k,  Rostrum;  m,  Rostro-lateral  compartment;  «,  Lateral  compartment;  o,  Carino-lateral  com- 
partment, u,  Compartment  with  two  radii  {r  r),  flanking  the  paries  (/).  c,  Compartment  with 
a  radius  (r)  on  one  side,  and  an  ala  (a)  on  the  other  side  of  the  paries,  d,  Internal  view  of  the 
scutum.    E,  Internal  view  of  the  tergum,  showing  the  spur  (s)  and  the  beak  (i).    (After  Darwin.) 

along  the  opposite  margin.  Similarly,  each  tergum  opens  and  shuts 
against  its  fellow  along  one  margin  (the  "carinal"  margin),  and 
articulates  with  one  of  the  scuta  along  the  opposite  margin.  The 
apex  of  the  terga  (fig.  355,  e)  often  forms  a  prominent  beak,  and 
the  basal  margin  is  furnished  with  a  process  or  "spur."  The  scuta 
and  terga  are  not  only  movable,  but  are  furnished  with  proper  de- 
pressor muscles. 
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As  re'^ards  the  ^eolo^ical  distribution  of  the  BalanidcB,  the  oldest 
known  types  are  th^  Frotobalanus  snd  Falceocreusia  of  the  Devonian 
rocks  of  North  America.  The  former  of  these  is  a  minute  Balanoid 
which  possessed  the  unique  peculiarity  that  the  shell  consists  of  no 
less  than  twelve  compartments  (the  "rostrum,"  the  "carina,  and 
five  pairs  of  "  lateralia ").  In  the  genus  Falceocreusia,  again,  the 
shell  was  embedded  in  the  substance  of  the  corallum  of  Favosttes, 
and  the  compartments  of  the  shell  are  fused  to  form  a  single  un- 
divided plate,  covering  a  tubular  sub-cylindrical  basis. 

With  the  above-mentioned  exceptions,  no  Palseozoic  representa- 
tives of  the  Balanoids  have  hitherto  been  recognised,  the  Balclnus 
carboiiarius  of  the  Carboniferous  rocks  of  Saxony  being,  according 
to  Zittel,  not  a  Cirripede  at  all.  In  the  Mesozoic  rocks,  moreover, 
no  undoubted  representative  of  the  Balanoids  is  known  till  the 
Upper  Chalk  is  reached,  a  species  of  Chthamalus  appearing  in  this 
formation.    The  fossil  described  by  Seeley  as  a  Balanoid  from  the 


Fig.  ^i&.—Balanus  concavns,  of  the  natural  size,  from  the  Pliocene  Tertiary  (Crag),    a,  Side- 
view  of  the  shell ;  b,  Tergum ;  c,  Scutum.    (After  Darwin — copied  from  Zittel.) 

Lias,  under  the  name  of  Zoocapsa,  does  not  appear  to  be  properly 
referable  to  this  group.  In  the  Tertiary  rocks,  the  remains  of 
Balanoids  are  not  uncommon,  the  recent  genus  Balanus  (fig.  356) 
occurring  in  deposits  as  old  as  the  Eocene,  and  being  still  more 
abundantly  represented  in  the  Oligocene,  Miocene,  and  Pliocene. 
In  the  later  Tertiaries  the  group  is  further  represented  by  forms 
belonging  to  the  genera  Chthamalus,  Acasta,  Fyrgoma,  and  Coronula, 
all  of  which  are  known  by  living  types. 

The  remaining  family  of  the  Sessile  Cirripedes  is  that  of  the 
VerrucidcB,  comprising  only  the  single  genus  Verruca.  In  many 
respects  the  Verrucidce  approach  the  Balanidce,  but  the  shell  is 
composed  of  six  valves  only,  and  is  unsymmetrical,  whilst  the  scuta 
and  terga  (forming  the  operculum),  though  movable,  are  not  fur- 
nished with  a  depressor  muscle.    The  Verrucidce  appear,  so  far  as 
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IS  known,  to  have  commenced  their  existence  towards  the  close  of 
the  Secondary  period,  the  Chalk  having  yielded  two  species  Ver 
ruca  Stromia  is  found  in  the  Coralline  and  Red  Crags  (Pliocene) 
m  Glacial  deposits,  and  in  existing  seas. 

The  third  family  of  the  Cirripedia  Thoracica  is  that  of  the  Lepa- 
didce  or  Pedunculated  Cirripedes,  commonly  known  as  "  Barnacles  » 
In  these  (fig.  357)  the  animal  differs  from  the  Sessile  Cirripedes  in 

having  its  anterior  extremity  greatly  elon- 
gated, forming  a  stalk  or  "peduncle"  by 
which  it  is  fixed  to  some  foreign  object. 
At  its  free  extremity  the  peduncle  bears  the 
"capitulum,"  which  corresponds  to  the  shell 
of  the  Balanoids,  and  is  composed  of  various 
calcareous  pieces,  united  by  a  membrane, 
moved  upon  one  another  by  appropriate 
muscles,  and  protecting  in  their  interior  the 
body  of  the  animal  with  its  various  appen- 
dages. The  peduncle  is  cylindrical,  of  vary- 
ing length,  flexible,  and  furnished  with  proper 
muscles.  In  some  species  the  peduncle  is 
naked,  and  cannot  be  preserved  in  the  fossil 
condition ;  but  in  other  cases  the  peduncle 
is  furnished  with  calcareous  scales  {Loricula 
and  Tjirrilepas,  fig.  359),  in  which  case  it 
is  readily  preserved.  The  "  capitulum  " 
(fig-  358),  as  before  said,  corresponds  with 
the  shell  of  the  Balatti,  and  is  generally 
much  flattened.  It  consists  ordinarily  of 
five  or  more  valves  united  to  one  another 
by  membrane,  usually  with  marked  inter- 
spaces ;  but  the  valves  may  be  rudimentary 
or  wanting,  and  the  entire  capitulum  may  be 
membranous.  The  parts  of  the  capitulum 
correspond  ideally  with  the  parts  of  the 
shell  in  the  Balanoids.  In  the  latter,  how- 
ever, the  shell  is  for  the  most  part  composed 
of  the  "  compartments,"  and  the  "  oper- 
culum "  is  comparatively  small  and  insignifi- 
In  the  Lepadoids,  on  the  other  hand,  the  valves  which 
correspond  with  the  operculum  of  the  Balanoids  are  disproportion- 
ately developed,  and  the  valves  which  correspond  with  the  com- 
partments of  the  Balanoids  are  much  less  conspicuous,  and  are 
often  partially  absent.  The  most  important  and  persistent  of  the 
valves  are  the  "scuta"  (fig.  358,  b),  which  protect  the  front  part  of 
the  body,  and  correspond  with  the  valves  bearing  the  same  name  in 


Fig.  357. — Lcpas  anseri/eya, 
a  recent  Pedunculated  Cirri- 
pede.  The  lower  figure  shows 
the  scutum  detached. 
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the  operculum  of  the  Balanoids.  The  next  most  important  are  the 
"terga"(fig.  358,  a),  which  protect  the  dorso-lateral  surface.  A 
pair  "of  scuta  and  a  pair  of  terga  are  present,  and  these  are  the 
largest  of  all  the  valves.  The  "  carina  "  and  "  rostrum  "  are  placed 
along  the  edges  of  the  ca- 
pitulum,  the  former  being 
much  the  most  important ; 
and  there  may  be  a  "sub- 
carina  "  and  "  sub-rostrum." 
The  remaining  valves,  with 
the  carina  and  rostrum,  cor- 
respond with  the  proper 
shell  of  the  Balanoids  ;  but 
they  are  often  wanting  or 
rudimentary,  and  they  re- 
quire no  further  considera- 
tion here. 

As  regards  the  distribu- 
tion of  the  Lepadoid  Cirri- 
pedes  in  time,  the  oldest 
known  types  belong  to  the 
genus  Turrilepas  {  —  Flum- 
jilites),  several  forms  of 
which  have  been  detected 
in  the  Ordovician,  Silurian, 
and  Devonian  formations. 
In  this  singular  genus  (fig. 
359,  a)  are  included  elon- 
gated bodies  covered  with 
from  four  to  six  intersect- 
ing rows  of  calcareous  plates.  The  plates  are  triangular  in  form, 
with  a  curved  lower  margin,  and  marked  with  transverse  strige ; 
those  of  the  median  series  being  keeled.  When  detached  and 
occurring  in  an  isolated  condition  (fig.  359,  a),  these  plates  are 
not  unlike  the  shells  of  certain  Pteropods,  while  they  may  be,  and 
have  been,  mistaken  for  the  plates  of  Chitons.  They  are  also  not 
very  unlike  the  plates  of  some  Cystideans  {Ateleocystites).  By  Bar- 
rande,  Turrilepas  was  regarded  as  the  capitulum  of  a  Lepadoid,  in 
which  there  was  either  no  peduncle  or  a  short  one ;  but  Dr  Henry 
Woodward  is  probably  correct  in  the  view  that  the  fossils  really 
represent  a  scaly  peduncle  similar  to  that  of  the  genus  Loricula, 
and  that  the  capitulum  is  still  unknown.  On  the  other  hand,  the 
Strobilepis  of  the  Devonian  rocks  of  North  America  seems  to  be 
really  founded  upon  the  capitulum  of  a  Lepadoid.  Allied  to 
Turrilepas  is  the  Silurian  genus  Afiatifopsis,  of  which  only  the 


Fig.  358. — Capitulum  of  a  Pedunculated  Cirripede. 
a,  Tergum  ;  b.  Scutum  ;  c,  Carina ;  d,  Upper  latus ; 
e,  Carino-latus  ;  y,  Rostrum  ;  g,  Sub-rostrum  ;  k,  Ros- 
tral latus  ;  i,  Infra-median  latus  ;  k,  Sub-carina.  (After 
Darwin.) 
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detached  valves  are  known,  these  being  somewhat  quadrilateral  in 
shape,  and  having  the  lower  part  of  the  base  marked  out  into  one 
or  two  horizontal  segments,  which  are  more  or  less  separated  from 
the  body  of  the  valve.  In  the  Carboniferous  and  Permian  rocks 
no  Lepadoids  are  known,  but  the  genus  Pollicipes  is  represented 
in  the  later  Triassic  (RhEetic  deposits).  Other  forms  of  Pollicipes 
are  Jurassic,  but  the  genus  attained  its  maximum  of  development 
in  the  Cretaceous  period,  at  which  time  the  group  of  the  Lepadoids 
seems  to  have  reached  its  culminating  point.  Tertiary  species  of 
Pollicipes  are  also  known,  and  the  genus  survives  at  the  present 


Fig.  359- — A,  Turrilepas  {Plumulites)  IV righiii — Silurian.    (After  Woodward.)   a,  A  plate  of 
the  same  magnified.    B,  Loricula  p%dcheUa — Chalk.    (After  Darwin.) 

day.  Some  Jurassic  types  formerly  ascribed  to  Pollicipes  have  been 
separated  by  Zittel  to  form  the  genus  Archceolepas.  The  genus 
Loricula  is  wholly  Cretaceous,  and  comprises  forms  with  a  small 
capitulum  and  a  short,  plated  peduncle  (fig.  359,  b),  the  organism 
being  attached  by  one  side  to  the  shells  of  Ammonites.  The  exten- 
sive genus  Scalpelliim  has  numerous  living  types,  and  also  about 
thirty  fossil  representatives,  of  which  the  oldest  appears  in  the  Cre- 
taceous rocks.  On  the  other  hand,  the  recent  genus  Lepas  {Ana- 
tifa)  is  not  certainly  known  to  occur  in  the  fossil  condition,  even 
in  the  late  Tertiary  or  Quaternary  deposits,  though  the  allied 
Poicilasma  is  doubtfully  represented  in  the  newer  Tertiaries. 


503 


CHAPTER  XXIX. 

CR  USTA  CEA— continued. 

Sub-Class  II. — Entomostraca. 

Sub-class  II.  Entomostraca  {Gnathopoda,  Woodward).  —  The 
division  of  the  Entomostracous  Crustaceans  includes  a  large  number 
of  comparatively  simple  types,  in  which  the  limbs  and  segments  are 
usually  indefinite  in  number,  the  former  either  fewer  or  more  than 
fourteen  ;  and  the  character  of  the  appendages  is  very  varied.  The 
limbs  are  principally  developed  in  the  cephalic  region,  and  their 
bases  generally  act  as  jaws.  The  characteristic  larval  form  is  that  of 
a  "  nauplius."  The  orders  of  the  Eurypterida  and  Xiphosura  (with 
the  probable  addition  of  the  Trilobita),  here  placed  among  the 
Entomostraca,  are  grouped  together  by  Professor  Claus  in  a  special 
section,  which  he  terms  Gigantostraca,  and  which  he  regards  as 
probably  related  to  the  Arachnida. 

The  Entomostraca  are  divided  into  three  great  divisions,  or 
"  legions,"  the  Lophyropoda,  Branchiopoda,  and  Merostomata. 

Division  A.  Lophyropoda. 

The  members  of  this  division  possess  few  branchise,  and  these  are 
attached  to  the  appendages  of  the  mouth.  The  feet  are  few  in  num- 
ber, and  mainly  subserve  locomotion  ;  the  carapace  is  in  the  form 
either  of  a  shield  protecting  the  cephalothorax,  or  of  a  bivalve  shell 
enclosing  the  entire  body.  The  mouth  is  mostly  not  suctorial,  but 
is  furnished  with  organs  of  mastication. 

This  division  comprises  the  two  orders  Ostracoda  and  Copepoda. 

Order  I.  Ostracoda. — Small  Crustaceans  having  the  entire  body 
enclosed  in  a  shell  or  carapace,  which  is  composed  of  two  valves  united 
along  the  back  by  a  membrane.  The  valves  are  capable  of  beittg  closed 
by  an  adductor  nmscle,  the  insertion  of  tvhich  in  the  ititerior  of  each 
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valve  IS  marked  by  a  tubercle,  pit,  or  group  of  spots,  or  by  both  spots 
and  a  pit.  There  are  seven  pairs  of  appendages,  of  ivhich  the  first 
tivo  are  antetince,  and  the  posterior  appendages  are  adapted  for  creeping 
or  swimming.  ^ 

The  Ostracoda  are  all  small  Crustaceans  in  which  the  body  is 
enclosed  within  a  bean-shaped  or  mussel-shaped  shell,  composed  of 
two  valves  united  along  the  back  by  an  elastic  ligament  (fig.  360,  b). 
The  animal  can  open  the  valves  of  the  shell  along  their  ventral 
margin,  and  can  protrude  the  appendages  and  the  caudal  extremity 
of  the  abdomen.    The  first  two  pairs  of  appendages  are  antennules 


cu 


Fig.  360.— Recent  Ostracoda.  A,  Cypridina  Mcssinensis,  viewed  from  the  side,  and  greatly 
enlarged,  one-half  of  the  shell  being  removed.  D,  Cypris /usca,  viewed  from  the  side,  and  less 
highly  magnified,  the  shell-valves  being  retained,  but  slightly  displaced,  a,  Antennules  ;  an, 
Antennje;  o,  Eye;  o' ,  Ocellus;  r.  Heart;  Stomach;/;  Whip-like  appendage  for  the  retention 
of  the  brood  ;  ab,  E.\tremity  of  the  abdomen ;  m,  Mandibular  appendage  ;  mjc.  The  first,  second, 
and  third  maxilla. 


and  antennae  (fig.  360,  a),  which  can  be  used  as  locomotive  limbs. 
These  are  followed  by  a  pair  of  mandibles,  succeeded  by  a  pair  of 
maxillee ;  and  the  next  two  pairs  of  appendages  may  be  either  jaws 
or  legs.  The  sixth  and  seventh  pairs  of  appendages  are  leg-like, 
and  variously  formed  in  different  cases.  A  median  eye,  or  two 
lateral  eyes  are  present.  Branchial  plates  are  attached  to  some  of 
the  jaws,  and  a  distinct  heart  may  be  present  {Cypridina)  or  absent 
{Cypris  and  Cy there).    The  young  forms  are  usually  "  nauplii,"  but 
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there  may  be  no  metamorphosis.  Parthenogenesis  is  a  not  uncom- 
mon phenomenon  in  the  Ostracodes. 

The  Ostracoda,  often  called  "Water-fleas,"  are  represented  by 
very  numerous  forms  both  in  fresh  water  and  in  the  sea.  The  com- 
monest fresh-water  types  are  the  little  Cyprides  (fig.  360,  b).  The 
marine  Ostracodes  {Cy there,  Cypridina,  Sic),  are  mosdy  shallow- 
water  forms,  and  are  of  small  size;  but  there  are  deep-sea  types 
which  attain  comparatively  gigantic  dimensions  (nearly  an  inch  in 
length).  Numerous  fossil  forms  of  the  Ostracodes  are  known,  their 
remains  occurring  in  all  formations,  from  the  Cambrian  onward. 

It  is  only  the  carapace-valves  of  the  Ostracode  Crustaceans  that 
are  preserved  in  the  fossil  condition,  with  the  rarest  exceptions  ;  and 
the  general  form  of  the  carapace  is  often  very  similar  in  different 
genera.  Hence  the  palaeontologist  has  to  rely,  in  the  discrimination 
of  these  minute  fossils,  upon  small  variations  of  shape,  differences 
in  the  thickness  of  the  valves,  the  characters  of  the  edges  of  the 
valves,  or  the  manner  in  which  they  are  hinged  to  one  another,  or, 
lasdy,  the  surface-ornamentation.  Besides  the  difficulty  attaching  to 
the  study  of  the  fossil  Ostracoda  from  their  small  size  and  general 
similarity  of  appearance,  it  is  often  by  no  means  easy  to  distinguish 
between  the  cephalic  and  the  posterior  extremity  of  the  body. 
When  not  alike,  the  most  contracted  extremity  is  to  be  regarded  as 
the  head,  and  the  widest  as  the  hinder  end  of  the  carapace.  The 
former,  as  a  rule,  carries  grooves  or  tubercles,  when  such  structures 
are  present  at  all.  The  tubercles  of  the  test,  where  developed,  ap- 
pear to  represent  the  eye ;  and  the  grooves  and  intervening  lobes, 
which  are  found  in  many  forms,  have  been  aptly  compared  by  Bar- 
rande  to  the  furrows  and  lobes  of  the  glabella  of  Trilobites.  There 
are  many  types,  however,  in  which  there  are  no  conspicuous  external 
markings,  and  in  which  the  two  ends  of  the  carapace  are  similar. 
The  Mesozoic  and  Tertiary  Ostracoda  are  very  small,  and  the  same 
is  true  of  a  large  number  of  Palseozoic  species;  but  among  the 
latter  we  find  some  comparatively  large  types,  which,  like  Leperdiiia 
Msingeri,  may  reach  fifteen  millimetres  or  more  in  length.  As  a 
rule,  also,  the  Palaeozoic  Ostracoda  are  plain,  or  are  simply  striated 
or  granular;  whereas  the  Mesozoic  and  Tertiary  forms  are  com- 
monly ornamented  with  projecting  tubercles,  or  in  various  other 
ways.  As  regards  their  general  distribution  in  time,  the  Ostracoda 
certainly  commence  in  the  Upper  Cambrian,  and  are  even  doubt- 
fully represented  in  the  lower  division  of  this  formation.  They 
existed  under  many  and  varied  types  in  the  Ordovician  and  Silurian, 
and  are  abundant  in  all  the  succeeding  formations,  till  the  Recent 
period  is  reached.  As  matter  of  course,  the  remains  of  this  group 
of  Crustaceans  with  which  we  have  chiefly  to  do,  are  principally 
those  of  the  marine  members  of  the  order,  and  this  is  especially 
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true  as  regards  the  Paleozoic  species.  In  later  deposits,  however 
the  occurrence  of  Ostracodes  of  types  now  found  in  fresh  or  brackish 
water  is  by  no  means  uncommon. 

The  total  number  of  fossil  Ostracoda  is  very  large,  the  difficulties 
attending  their  study,  for  reasons  already  stated,  are  quite  excep- 
tionally great ;  and  it  is  impossible,  in  many  cases,  for  the  student 
to  discriminate  species,  or,  often,  even  genera,  unless  he  should  have 
made  the  group  a  subject  of  special  investigation.  Here,  therefore, 
no  attempt  will  be  made  to  give  even  the  briefest  analysis  of  the 
families  or  genera  of  the  order ;  but  it  may  be  well  to  shortly  char- 
acterise some  of  the  common  or  more  remarkable  types,  with  special 
reference  to  the  Palaeozoic  forms,  with  which,  upon  many  grounds, 
it  is  desirable  that  the  student  should  have  some  acquaintance. 

Among  the  Palteozoic  Ostracodes,  the  first  group  that  may  be 
noticed  is  that  of  which  Leperditia  (fig.  361,  c  and  d)  is  the  type 
{Leperditidce).  In  this  genus  the  two  valves  are  unequal  in  size, 
smooth,  nearly  oblong,  bean-shaped,  with  the  posterior  end  wider 
than  the  anterior.  There  is  a  small  tubercular  eye-spot,  placed  on 
the  head,  near  the  hinge,  and  underneath  and  behind  this  is  a 
slightly  inflated  area,  corresponding  with  an  excavation  of  the  shell 
interiorly,  and  exhibiting  reticulated  or  areolar  muscular  markings. 
Behind  the  eye-spot  is  generally  a  vertical  groove,  which  begins  at 
the  dorsal  margin,  and  extends  a  short  way  across  the  valves.  The 
genus  ranges  from  the  Ordovician  to  the  Carboniferous.  Isochilina 
(fig.  361,  b)  nearly  resembles  the  preceding,  but  the  valves  are 
equal.    It  is  not  uncommon  in  the  Ordovician  rocks. 

The  genus  Primitia  (fig.  361,  e-g)  comprises  another  group  of 
Palaeozoic  Ostracodes,  which  is  essentially  characteristic  of  the 
Cambrian,  Ordovician,  and  Silurian  deposits,  though  apparently 
also  represented  in  the  Carboniferous.  In  this  genus  the  carapace 
is  equivalve,  convex,  and  oblong  in  shape,  indented  with  a  vertical 
dorsal  groove  of  variable  depth.  Related  to  Primitia  is  the  familiar 
genus  Beyrichia  (fig.  361,  h  and  i),  which  is  confined  to  the  Cam- 
brian, Ordovician,  and  Silurian  rocks,  and  which  sometimes  is  pres- 
ent in  such  vast  numbers  as  to  give  rise,  by  the  accumulation  of  the 
carapace-valves,  to  regular  bands  of  limestone.  The  carapace  of 
Beyrichia  is  more  particularly  distinguished  by  the  possession  of 
two  or  three  transverse  grooves,  which  start  at  the  hinge,  and  pass 
partially  or  wholly  across  the  valves.  In  the  curious  Beyrichia  (?) 
oculifera,  the  eye-spot  forms  a  prominent  and  faceted  tubercle,  un- 
like that  of  any  other  Ostracode  (fig.  361,  i).  Two  other  members 
of  the  ancient  family  of  the  LeperditidcR  may  be  just  mentioned — 
namely,  Kirkbya  and  Moorea,  of  which  the  former  ranges  from  the 
Silurian  to  the  Permian,  while  the  latter  is  principally  Carboniferous, 
and  is  doubtfully  represented  in  the  Jurassic  rocks. 
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Another  great  group  of  the  Osiracoda  is  that  of  the  Cypridinida, 
in  which  the  carapace  is  compact,  smooth,  or  punctate,  or  striated, 
with  a  deep  incision  in  the  anterior  margin  for  the  exit  of  the  larger 


Fig.  361. — Types  of  Ostracoda.  A,  The  test  of  Cypris /aba,  from  the  Miocene,  viewed  side- 
ways, and  enlarged  fifteen  times  ;  a',  The  same,  viewed  from  the  dorsal  margin  :  B,  Isochilina 
Ottawa,  enlarged  four  times  (left  valve  and  ventral  view) — Ordovician  ;  c,  Leperditia  Joseph- 
ana,  of  the  natural  size  (right  valve  and  anterior  view) — Ordovician  ;  D,  Leficrditia  solitaria, 
enlarged,  showing  the  eye-spot  and  muscular  impression — Silurian  ;  E,  Primitia  sp. — Silurian  ; 
F,  Frhnitia  strangulata,  Ordovician,  enlarged  ;  c.  Right  and  left  valves  of  Primitia  tarda — 
Silurian  ;  H,  Beyrichia  comp/icata  —Ordovicinn  ;  i,  Beyrichia  (?)  oculi/era,  showing  the  elevated 
eye-spot,  greatly  enlarged — Ordovician  ;  j,  Entoinis  t7it>erosa,  ]one^  {  =  E.  pelagica,  Barr.),  right 
valve,  enlarged  twice— Silurian ;  K,  Entomis  iinpendens,  enlarged — Silurian;  L,  Cypridiua 
IV rightiana,  left  valve,  enlarged  four  times — Carboniferous ;  M,  Dorsal  view  of  a  small  example 
of  EntODtoconchus  Scouleri,  enlarged  four  times — Carboniferous  ;  N,  Left  valve  of  Polycope 
simplex,  enlarged  eight  times— Carboniferous ;  o,  Cypris  Browuiana,  viewed  dorsally,  enlarged 
twenty-five  times— Pleistocene  ;  p,  Candona  Candida,  viewed  ventrally,  and  similarly  enlarged 
— Post-Tertiary  and  Recent ;  Q,  Cyt/icre  convexa,  right  valve,  similarly  enlarged — Pliocene  and 
Recent ;  r,  Interior  of  left  valve  of  the  same.  (After  Barrande,  Rupert  Jones,  M'Coy,  Hall, 
and  G.  S.  Brady.) 


antennje.  Numerous  living  forms  of  the  Cypridinida.  are  known, 
and  the  family  is  represented  in  past  time  principally  by  the  three 
generic  types,  Cypridina^  Entomis,  and  Entoinoconchus,  the  last  two 
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of  these  being  entirely  extinct.    In  CypHdma  (fig.  ,6i  l)  the  earn 
pace  :s  produced  in  front  into  a  beak-Hke  projection/below  which 
IS  a  hollow  or  notch  facing  the  ventral  margin.    Many  of  the  so- 
called  Cypridmce  of  the  older  Pateozoic  rocks  are  now  known  to 
be  referable  to  other  types,  but  the  genus  is  well  represented  in  the 
Carboniferous,  and  exists  at  the  present  day.    Entomis  (fig  ,6i 
J  and  K)  ranges  from  the  Ordovician  to  the  Carboniferous  but 
attams  its  maximum  in  the  Devonian  rocks.    The  carapace  iri  this 
genus  resembles  that  of  some  of  the  LeperditidcB  in  having  a  dorsal 
groove,  indenting  the  valves  transversely,  and  sometimes  reaching 
the  ventral  margin,  and  having  a  rounded  tubercle  placed  at  or  near 
Its  lower  end.    One  species  of  this  genus  {Entomis  serratostriatd) 
formerly  known  as  a  Cypridina,  is  so  abundant  in  certain  of  the 
Devonian  strata  of  Germany  as  to  have  gained  for  these  the  name 
of  "  Cypridinen-Schiefer."    Entomoconchus  (fig.  361,  m),  again  is  a 
large  form,  with  a  thick  and  globose  carapace,  having  \  much  less 
developed  notch  in  front  than  in  Cypridina.    It  is  confined  to  the 
Carboniferous  rocks.     Among  other  Carboniferous  Cypridinidce 
may  be  mentioned  the  genera  Cyprella,  Cypridella,  Cypridellina, 
Sukuna,  and  Ehomdina,  all  of  which  are  characteristic  of  the 
Carboniferous  rocks. 

Another  group  of  the  Ostracodes  {Polycopida)  is  that  character- 
ised by  the  genus  Poly  cope  (fig.  361,  n),  in  which  the  carapace- 
valves  are  subequal  and  thin,  not  markedly  notched  in  front,  and 
having  no  beak.  Though  represented  by  living  species,  the 'only 
undoubted  members  of  this  genus  which  have  been  detected  in  a 
fossil  state  are  from  the  Devonian  and  Carboniferous  rocks. 

The  genus  Cytherella  is  the  type  of  another  group  (Cytherellida), 
in  which  the  valves  are  very  thick  and  calcareous,  and  are  not 
notched  in  front.  In  Cytherella  itself  the  right  valve  is  much 
larger  than  the  left,  overlapping  the  latter  throughout  the  whole 
circumference,  and  "presenting  round  the  entire  inner  margin  a 
distinct  groove,  into  which  the  valve  of  the  opposite  side  is  re- 
ceived "  (G.  S.  Brady).  The  genus  ranges  from  the  Carboniferous 
to  the  present  day;  and  we  may  provisionally  place  with  it  the 
Cytherellina  and  JEchnina  of  the  Silurian. 

Lastly,  we  have  the  great  group  of  Ostracodes  represented  by  the 
families  of  the  Cypridce  and  Cytherida,  "including  all  the  fresh- 
water and  a  vast  majority  of  the  marine  Ostracoda,  and  embracing 
all  the  forms  classed  by  the  earlier  writers  under  the  two  great 
genera  Cypris  and  Cythere "  (G.  S.  Brady). 

In  the  Cyprid^e,  as  typified  by  Cypris  itself  (fig.  361,  a  and  o), 
the  valves  are  thin  and  smooth,  and  more  or  less  sinuate  below. 
Most  of  the  CypridcE  are  inhabitants  of  fresh  water,  and  the  fossil 
forms  are  principally  found  in  lacustrine  or  fluviatile  deposits,  often 
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occurring  in  astonishing  abundance.  A  few  forms  (such  as  Bairdia 
and  Pontocypris)  are  marine  in  habit.  The  family  of  the  Cypridce 
seems  to  have  attained  its  maximum  at  the  present  day,  but  is  rep- 
resented in  deposits  as  old  as  the  Carboniferous  by  forms  which 
are  believed  to  be  referable  to  the  living  genera  Cajidona  and 
Bairdia.  Specimens  of  the  Carboniferous  genus  Palaocypris  have 
been  found,  showing  the  eye,  the  antennse,  and  the  jointed  limbs, 
of  which  there  are  two  pairs  behind  the  mandibles,  the  last  pair 
being  strongly  incurved. 

In  the  family  of  the  Cytheridce,  lastly,  the  shell  is  minute,  thick, 
inequivalve,  and  generally  elongated  or  reniform  in  shape.  The 
dorsal  margin  of  the  carapace  has  two  denticles  in  the  right  valve 
fitting  into  corresponding  sockets  in  the  left  valve.  The  surface  is 
smooth,  or  is  variously  ornamented  with  tubercles  or  spines.  The 
genera  of  Cytherida  are  mainly  Recent  and  Tertiary ;  but  the  genus 
Cythere  ranges  from  the  Silurian  to  the  present  day,  and  there  are 
various  Secondary  types  belonging  to  the  genera  Cythereis  and 
Cytheridea. 

Order  II.  Copepoda. — Small  Crustaceans  having  bifid  natatory 
feet,  and  the  head  and  thorax  usually  covei-ed  with  a  carapace.  Two 
caudal  locomotive  appendages  are  oftejt  present ;  but  the  abdomen  does 
not  carry  limbs.  Segmentation  is  distinct  in  the  free  fortns  ;  but  it  is 
more  or  less  lost  in  the  females  of  the  parasitic  types. 

The  order  of  the  Copepoda  comprises  numerous  small  Crusta- 
ceans, which  inhabit  both  fresh  and  salt  water,  many  types  being 
parasitic  in  habit.  No  certain  examples  of  the  Copepods  have 
hitherto  been  detected  in  the  fossil  condition. 

Division  B.  Branchiopoda. 

The  Crustaceans  included  in  this  division  have  many  branchias, 
and  these  are  attached  to  the  legs,  which  are  often  numerous,  and 
are  formed  for  swimming.  In  other  cases  the  legs  themselves  are 
flattened  out  so  as  to  form  branchiEe.  The  body  is  either  naked, 
or  is  protected  by  a  carapace,  which  may  enclose  either  the  entire 
body,  or  the  head  and  thorax  only.  The  mouth  is  provided  with 
organs  of  mastication. 

The  Branchiopoda  comprise  the  Cladocera,  the  Phyllopoda,  the 
Phyllocarida,  and  probably  the  Trilobita,  though  this  last  departs 
in  many  respects  from  the  first  three  groups. 

Order  I.  Cladocera. — The  members  of  this  order  are  small 
Crustaceans,  which  have  a  distinct  head,  and  have  the  tvhole  of  the 
remainder  of  the  body  enclosed  zuithin  a  bivalved  carapace.  The  feet 
are  feiv  in  number  {usually  four,  five,  or  six  pairs),  and  are  mostly 
respiratory,  carrying  the  branchice.      Tivo  pairs  of  atitentice  are 
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present,  the  larger  pair  being  of  large  size,  branched,  and  acting  as 
natatory  organs. 

The  types  of  this  order  are  mostly  confined  to  fresh  water,  a  few 
forms  being  found  in  brackish  pools.  No  undoubted  representa- 
tives of  the  Cladocera  have  been  hitherto  detected  in  the  fossil 
state,  though  a  few  small  fossil  types  have  been  referred  to  this 
order. 

Order  II.  ^ylwa.ovo'dk.— Crustacea,  mostly  of  small  size,  gejier- 
ally  having  the  front  part  of  the  body  protected  by  a  shield-like  cara- 
pace, or  sometimes  having  the  body  enclosed  in  a  bivalve  shell  The 

feet  are  usually  numer- 
ous, and  more  or  fewer 
of  them  are  leaf-like  in 
form,  and  act  as  respira- 
tory organs. 

The  living  t3'pes  of  the 
Phyllopods    {Apus,  fig. 
362,  Branchipus,  Lim- 
nadia,    Estheria,  (Src.) 
are  mostly  inhabitants  of 
fresh  water,  but  species 
of  Estheria  are  found  in 
brackish  water,  and  the 
ArtemicB    live    in  salt 
lakes,  or  in  the  brine- 
pans  of  salt-works.  As 
a  type  of  the  Phyllopods 
the  recent  genus  Apus 
(fig.  362)  may  be  taken, 
in  which   the  anterior 
part   of    the    body  is 
covered  with   an  oval 
carapace,  carrying  a  pair 
of  compound  eyes  upon 
its  upper  surface  in  front. 
The  under  surface  carries 
sixty  pairs  of  feet,  of  which  the  first  is  divided  into  three  slender 
whip-like  branches  on  each  side,  while  the  others  are  of  the  genuine 
"  phyllopodous  "  type,  being  leaf-like  in  form,  and  acting  as  breath- 
ing-organs in  function. 

If  the  recent  genus  Nebalia  and  its  numerous  fossil  allies  are 
removed  to  form  the  order  Phyllocarida,  then  the  number  of  known 
fossil  Phyllopods  is  comparatively  small.  By  far  the  most  important 
type,  from  a  palseontological  point  of  view,  is  the  genus  Estheria 
(fig.  363,  a),  which  is  nearly  related  to  the  living  Limnadia,  and 


Fig.  362. — Apus  cancri/ormis,  a  recent  Phyllopod, 
viewed  from  above,  and  enlarged. 
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which  in  some  respects  constitutes  a  connecting-Hnk  between  the 
Phyllopods  and  the  Ostracodes.  The  body  in  Estheria  is  enclosed 
in  a  bivalve  carapace,  and  the  feet  are  foliaceous.  The  valves  of 
the  carapace  have  a  well-marked  beak  or  "  umbo,"  and  are  hinged 
to  one  another  along  a  dorsal  line.  From  these  circumstances,  and 
from  their  being  marked  with  numerous  concentric  lines  of  growth, 
the  carapace-valves  of  Estheria  very  closely  resemble  the  shells  of 
certain  Bivalve  Molluscs  {Posidonia  and  Posidonomya),  for  which 
they  have  often  been  mistaken.  The  valves  are  usually  sub- 
triangular,  ovate,  or  sub-quadrate  in  form,  and  they  possess  a  horny 
texture. 

The  living  Estheria  are,  without  exception,  inhabitants  of  fresh, 
or,  rarely,  brackish  water  j  and  no  one  of  the  recent  twenty-four 
species  has  been  detected  in  the  sea.    This  would  afford  a  strong 


Fig.  363  — A,  Carapace  oi  Estlieria  ovata,  magnified  six  diameters — Trias  :  B,  Carapace  of 
Leaia  Lcidyi^  magnified  five  diameters — Lower  Carboniferous.    (After  Rupert  Jones.) 


presumption  that  the  deposits  in  which  Estherice  occur  were  laid 
down  in  fresh  or  brackish  water ;  but  such  fossils  not  uncommonly 
occur  in  conjunction  with  undoubted  marine  remains.  They 
appear,  on  the  whole,  to  occur  most  frequently  in  those  accumu- 
lations that  "  have  been  decidedly  the  result  of  brackish-water 
inundations,  and  of  more  permanent  lagoons"  (Jones).  Fossil 
Estheria  occur  in  the  Devonian,  Carboniferous,  Permian,  Triassic, 
Jurassic,  Cretaceous,  and  some  Tertiary  deposits ;  but  they  appear 
to  have  attained  their  maximum  development  towards  the  close  of 
the  Triassic  period.  The  allied  genus  Schizodiscus  is  Devonian,  and 
Estheriella  is  found  in  the  Trias. 

The  genus  Leaia  (fig.  363,  b)  is  very  nearly  allied  to  Estheria, 
and  comprises  small  Bivalved  Crustaceans,  with  "  dark,  horny,  sub- 
quadrate  valves,  obliquely  ridged  from  umbo  to  angles,  and  orna- 
mented with  distinct  lines  of  growth  parallel  with  the  border" 
(Jones).  Leaia  is  a  very  widely  distributed  genus,  but  all  the 
known  species  belong  to  either  the  Carboniferous  or  Permian  rocks. 
It  has  been  suggested,  however,  that  the  obscure  Ordovician  genera 
Myocaris  and  Ribeiria  are  allied  to  Leaia. 
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Lastly,  we  may  notice  that  a  Phyllopod  nearly  allied  to  the  living 
fresh-water  genus  Brajichipus  has  been  detected  by  Dr  Henry  Wood- 
ward in  the  Eocene  formation,  and  has  been  described  by  him  under 
the  name  Brmichipodites  vectensis.  The  much  older  Branchipusites 
(rightly  Branchipodites)  anthracitms,  of  the  Coal-measures,  has  been 
supposed  to  have  similar  relationships,  but  it  does  not  appear  to  be 
truly  a  Phyllopod. 

Order  III.  Phyllocarida. — This  order  was  founded  by  Packard 
to  include  the  recent  genus  Nebalia  along  with  certain  extinct  types 
of  the  Crustacea,  which  in  some  respects  form  a  connecting-link 
between  the  Phyllopods  and  the  Malacostracous  group  of  the  Schiz- 
opods,  though  they  appear  to  be  properly  referable  to  the  Branchi- 
opoda.    The  principal  living  form  of  the  Phyllocarida  is  Nebalia, 

which  must  be  regarded  as  constituting 
with  its  immediate  allies  the  family  of  the 
Nebaliada,  and  which  must  be  taken  as 
giving  the  essential  characters  of  the  order. 
In  the  genus  Nebalia  (fig.  364),  the  an- 
terior part  of  the  body  is  covered  with  a 
folded,  but  unhinged,  cephalothoracic  shield 
or  carapace,  which  is  connected  with  the 
body  in  its  cephalic  part  only,  and  extends 
down  the  sides  so  as  to  enclose  the  mouth 
organs  and  the  greater  part  of  the  other 
appendages.  The  valves  of  the  carapace 
are  not  separated  along  the  back,  but  are 
moved  by  an  adductor  muscle.  In  front 
of  the  carapace,  and  movably  articulated 
to  it,  is  a  rostral  plate ;  and  there  are  also 
two  compound  stalked  eyes,  the  cornea 
of  which  is  not  faceted.  Two  pairs  of 
antennse  are  present.  The  segments  of 
the  thorax,  though  enclosed  by  the  cara- 
pace, are  free,  and  carry  eight  pairs  of 
foliaceous  feet,  which  are  of  the  "  phyllo- 
podous "  type,  and  officiate  as  branchiae. 
The  abdomen  is  composed  of  free  rings, 
the  first  four  somites  of  this  region  carry- 
ing as  many  pairs  of  biramose  legs,  while 
there  are  also  two  pairs  of  rudimentary  caudal  limbs.  No  telson 
is  present  in  Nebalia  and  its  allies,  but  there  is  a  well-developed 
telson  in  the  Ceratiocarida.  There  is  no  metamorphosis  in  de- 
velopment. 

The  living  types  of  the  Phyllocarida  belong  to  the  genus  Nebalia 
and  the  closely  related  Nebaliopsis  and  Paranebalia,  and  are  all  small 


Fig.  364. — Nebalia  Hcrhstii,  en 
larged  about  three  times.  Recent 
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Crustaceans,  which  are  exclusively  marine  in  habit.  The  recent 
forms  constitute  a  special  division  of  the  order  {Nebaliadce)^  dis- 
tinguished, among  other  characters,  by  the  want  of  a  telson  ;  and 
they  are  not  known  to  be  directly  represented  in  the  fossil  state. 
On  the  other  hand,  there  are  numerous  fossil  Crustaceans,  chiefly 
of  Palseozoic  age,  which  appear  to  be  properly  referable  to  the 
Phyllocarida,  and  which  may  be  regarded  as  constituting  a  special 
division  of  this  order  {Ceratiocaridce\  distinguished  more  particu- 
larly from  the  Nebaliada  by  the  presence  of  a  well-developed  telson. 
The  earliest  forms  of  this  peculiar  group  of  "  Pod-shrimps,"  as  they 
have  been  termed,  appear  in  the  Cambrian  period,  while  the  group 


Fir.  365.— Pateozoic  Phyllocanda.  a,  Ccratiocaris /«///w-Silurian  (Salter);  Hymenocaris 
!:^7''?«.''''''—VPP«rC=i'nbrian  (Salter) ;  c,  Discinocaris  Brownia7ia,  without  the  "rostrum"— 
Urdovician  (Original);  d,  Peltocaris  apiychoides—Otioviann  (Woodward). 

attains  its  maximum  development  in  the  Silurian,  and  underwent 
almost  total  extinction  subsequent  to  the  close  of  the  Carboniferous 
period.  The  number  of  genera  included  in  the  family  of  the 
Ceratiocarida  is  very  large,  and  many  of  these  are  only  imperfectly 
understood.  It  will  therefore  be  sufficient  here  to  allude  briefly 
to  some  of  the  more  important  and  better  known  types. 

As  the  type  of  this  group  may  be  taken  the  genus  Ceratiocaris 
Itself  (fig.  365,  a)  in  which  the  anterior  portion  of  the  body  is  en- 
closed in  an  elongated  or  pod-like  carapace,  composed  of  two  oval 
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valves,  contracted  in  front  and  with  an  abrupt  posterior  truncation. 
The  carapace-valves  are  united  along  the  back  by  a  median  line  of 
attachment,  and  are  commonly  marked  with  fine  linear  striae,  while 
a  lanceolate  rostrum  is  developed  in  front.  There  were  fourteen 
or  more  body-rings,  of  which  the  last  five  or  six  were  free,  some  or 
all  of  these  supporting  lamellar  appendages  which  seem  to  have 
been  branchial  in  function.  At  the  hinder  end  of  the  body  is  a 
powerful  pointed  telson,  with  two  smaller  lateral  spines.  The 
thoracic  limbs  are  unknown,  but  toothed  jaws  have  been  in  some 
instances  recognised,  either  detached  or  in  connection  with  the 
body  of  their  former  possessor.  The  oldest  species  of  Ceratiocaris 
appear  in  the  Ordovician  rocks,  but  the  genus  attained  its  maximum 
in  the  Silurian  period,  and  the  last  known  forms  occur  in  the  Lower 
Carboniferous  deposits.  Some  of  the  species  attained  to  a  great 
size,  C.  Ludensis  growing  to.  a  length  of  two  feet. 

In  the  Cambrian  rocks  is  found  the  allied  genus  Hymenocaris 
(fig-  365)  b),  in  which  the  large  sub-triangular  carapace  is  not  bi- 
valved  but  is  simply  folded.  There  are  generally  nine  free  abdom- 
inal segments,  the  hinder  termination  of  the  body  being  adorned 
with  three  pairs  of  unequal  spines.  The  Cambrian  rocks  of  North 
America  have  yielded  the  remains  of  the  related  genus  Protocaris, 
which  differs  from  Hymenocaris  principally  in  the  possession  of 
thirty  narrow  abdominal  rings,  and  in  the  fact  that  there  is  a  large 
telson  ending  in  two  terminal  spines.  Of  the  same  general  type 
as  the  preceding  is  the  Ordovician  genus  Caryocaris,  which  agrees 
with  Ceratiocaris  in  the  fact  that  the  carapace  is  bivalved,  instead  of 
being  simply  folded.  The  carapace  is  pod-like  in  form,  and  trun- 
cated behind,  and  the  abdomen  terminates  in  three  spines.  The 
researches  of  Novak  have,  further,  shown  that  the  singular  Crus- 
taceans described  by  Barrande  from  the  Silurian  rocks  of  Bohemia 
under  the  names  of  Aristozoe,  Callozo'e  and  Orozoe,  and  originally 
regarded  by  this  observer  as  gigantic  Ostracodes,  are  really  referable 
to  the  Ceratiocaridce.  The  carapace  of  Aristozoe  (fig.  366)  reaches 
three  inches  in  length,  and  is  composed  of  two  valves  united  along 
a  straight  dorsal  margin,  its  general  shape  being  oval,  with  a  pointed 
anterior  and  rounded  posterior  margin,  and  its  front  portion  carrying 
prominent  rounded  tubercles.  Novak  has  shown  that  the  fossil 
described  under  the  name  of  Bactropus  is  really  a  portion  of  the 
abdomen  of  Aristozoe,  and  that  the  so-called  Ceratiocaris  debilis  is 
the  telson  of  the  same  genus. 

Of  the  later  forms  of  the  CeratiocaridcB,  the  Devonian  rocks  of 
North  America  have  yielded  the  remains  of  the  curious  genus 
Echinocaris,  in  which  there  is  an  ovoid  folded  carapace,  adorned 
anteriorly  with  tubercles,  and  apparently  without  a  rostrum.  There 
are  seven  free  abdominal  segments,  and  a  strong  trifurcate  telson. 
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Lastly,  in  the  Carboniferous  and  Devonian  genus  Dithyrocaris  (fig. 
367),  there  is  a  broad  carapace  composed  of  two  semi-oval  valves 
ridged  along  the  back  in  the  middle  line  and  laterally,  and  there  is 
only  one  free  body-ring.  The  rostrum  is  unknown,  but  there  is  a 
powerful  trifurcate  telson. 

Another  remarkable  series  of  the  Phyllocarida  comprises  forms 
with  a  thin,  concentrically  striated  carapace,  which  may  be  simple,  or 
may  be  divided  into  two  halves  and  sutured  along  the  back,  and  which 
is  commonly  notched  in  front  for  the  reception  of  a  triangular  mov- 
able "  rostrum."  A  number  of  curious,  and  in  some  cases  prob- 
lematical, fossils,  the  oldest  of  which  are  found  in  the  Ordovician, 
while  the  last  appear  in  the  Trias,  have  been  included  in  this 
group,  and  only  a  few  of  the  more  important  can  be  noticed  here. 
A  typical  genus  of  this  group  is  the  Peltocaris  of  the  Ordovician 
rocks  (fig.  365,  d)^  in  which  the  carapace  is  approximately  circular, 


Fig.  366.— Carapace  of  Aris- 
iozoe  meinomnda,  from  the 
Silurian  rocks  of  Bohemia,  of 
the  natural  size,  viewed  side- 
ways, with  the  dorsal  margin  to 
the  left.    (After  Barrande.) 


Fig.  367. — Dithyrocaris 
Scouleri,  viewed  from 
above,  reduced  slightly  in 
size.  Carboniferous  Lime- 
stone.   (After  M'Coy.) 


and  consists  of  two  valves  of  a  semicircular  form,  which  are  united 
along  the  back  by  a  straight  dorsal  suture,  and  which  are  deeply 
notched  in  front  for  the  reception  of  a  movable  parabolic  plate  or 
"  rostrum."  The  Ordovician  and  Silurian  genus  Aptychopsis  is  very 
similar  in  general  characters  to  Peltocaris,  but  the  rostrum  is  trian- 
gular m  form.  In  the  Silurian  genus  Pterocaris  the  same  general 
type  of  structure  is  retained,  but  the  valves  are  only  united  for  a 
short  space  anteriorly,  while  they  diverge  behind,  so  as  to  form  a 
wide  posterior  notch.  On  the  other  hand,  in  the  remarkable  Silurian 
genus  Discmocaris  (fig.  365,  c\  the  concentrically  striated  carapace  is 
circular  in  form,  and  shows  no  median  line  of  suture  on  its  dorsal 
surface,  while  there  is  a  deep  triangular  notch  in  front  for  the  recep- 
tion of  the  rostrum.    One  species  of  this  genus  attains  a  diameter 
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of  seven  inches  across  the  carapace.  Various  Devonian  fossils  have 
been  placed,  under  special  generic  names,  in  the  immediate  neigh- 
bourhood of  Discinocaris,  and  the  Triassic  genus  Aspidocaris  is  also 
regarded  as  closely  allied  to  this  genus. 

Order  IV.  Trilobita.— The  Trilobites  are  Palaeozoic  Crusta- 
ceans in  which  the  body  is  more  or  less  distinctly  trilobed,  attd  the 
head,  thorax,  and  abdomen  are  distinct.  The  head  is  covered  tvith  a 
cephalic  shield,  zvhich  usually  bears  a  pair  of  compoimd  sessile  eyes, 
ocelli  being  apparently  7iever  developed.     The  somites  of  the  thorax  are 


Fig.  368. — The  skeleton  of  a  Trilobite  {Angelina  Sedgmickii),  partially  dissected.  A,  Head- 
shield  ;  B,  Movable  rings  of  the  thorax  ;  c,  Tail  or  abdomen,  g.  Glabella,  in  this  species 
without  furrows:^,  Fixed  cheeks;  e,  Eye-lobe;  0,  Eye;./;  Facial  suture Free  cheeks; 
J,  Head-spines;  /,  Pleurse  ;       Anchylosed  pleurae  of  pygidium. 

movable  upon  one  another,  and  carry  joi7ited  legs  to  zvhich  branchicr 
ivere  attached.  The  abdominal  segments  are  fused  to  form  a  caudal 
shield,  and  support  beloiv  Jointed  appendages  similar  to  those  of  the 
thorax.  A  tvell-developed  upper  lip  hypostotne")  is  present,  and 
some  of  the  cephalic  appendages  are  modified  to  act  as  mouth-organs. 

As  regards  the  general  structure  of  the  Trilobita,  the  body  was 
protected  by  a  well-developed  calcareous  shell  or  "  crust "  which 
covered  the  whole  dorsal  surface  of  the  body,  and  which  usually 
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exhibits  more  or  less  markedly  a  division  into  three  longitudinal 
lobes  (fig.  368),  from  which  the  name  of  the  order  is  derived.  In 
some  cases,  however,  as  in  the  genera  Homalonotus  and  Illanus, 
this  trilobation  is  only  obscurely  marked.  Within  the  limits  of  the 
same  species,  Barrande  has  observed  that  the  individuals  may  some- 
times present  themselves  under  two  forms,  one  broad  and  the  other 
long,  and  he  regards  the  broad  forms  as  the  females,  and  the  long 
forms  as  the  males,  of  the  species. 

The  crust  exhibits  a  well-marked  division  into  three  regions,  which 
are  commonly  found  detached  and  separate  from  one  another. 
These  three  regions  are — i,  a  cephalic  shield ;  2,  a  variable  num- 
ber of  movable  "body-rings  "  or  thoracic  segments  ;  and  3,  a  caudal 
shield  or  "  pygidium." 

The  cephalic  shield  or  buckler  (fig.  368)  is  generally  more  or 
less  semicircular  in  shape,  and  is  composed  of  a  central  and  two 
lateral  pieces,  of  which  the  two  latter  may  or  may  not  be  united  in 
front  of  the  former.  The  central  por- 
tion of  the  cephalic  shield  is  usually 
elevated  above  the  remainder.  It  is 
termed  the  "  glabella  "  (fig.  368,  g),  and 
it  protected  the  region  of  the  stomach. 
The  form  of  the  glabella  varies  a  good 
deal.  Usually  it  is  widest  in  front 
(fig.  369),  but  its  width  may  be  nearly 
uniform,  or  it  may  be  widest  pos- 
teriorly and  contracted  in  front,  as 
in  Calymene.  The  glabella  is  bounded 
at  the  sides  by  two  grooves,  which 
are  known  as  the  "  axal  furrows,"  and 
is  marked  off  behind  by  a  third  groove, 
which  is  termed  the  "  neck-furrow." 
The  surface  of  the  glabella  may  be 
quite  smooth,  but  it  is  ordinarily  di- 
vided into  "  lobes "  by  "  grooves," 
which  originate  in  the  axal  furrows, 
and  pass  inwards  towards  the  middle 
line  (fig.  369).  These  furrows  mark 
the  position  of  the  segments  which 
compose  the  glabella,  and  they  are 
sometimes  continuous  from  side  to 
side.  Usually  there  are  three  pairs  of  these  furrows,  a  lower  or 
basal,  a  middle  or  ocular,  and  an  upper  or  frontal  furrow;  but 
there  may  be  an  additional  pair  of  furrows  in  front  of  these.  In 
some  cases,  as  in  Illcenus  (fig.  374),  the  glabella  is  very  indistinctly 
marked  off  from  the  rest  of  the  shield. 


Fig.  369. — Phacops  {Dalmaniies) 
caudata.    Upper  Silurian. 
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The  grooves  of  the  glabella  probably  mark  off  so  many  segments 'to 
which  organs  of  prehension  and  mastication  were  attached  inferiorly 
and  they  are  marked  internally  by  corresponding  ridges,  to  which  muscles 
must  have  been  attached.  Sometimes  {Illanns,  Ellipsocephalus,  Eticrm- 
un/s,  Sec.)  they  are  obsolete,  as  also  occurs  in  particular  species  of  other 
genera  ( Trinucleiis  and  ^glina).  Typically,  three  pairs  of  grooves  are 
present,  but  some  species  of  Phacops  have  four,  and  so  have  other  types. 

In  certain  Trilobites  there  are  found  two  pores,  or,  in  other  cases', 
funnel-shaped  depressions,  one  on  each  side  of  the  glabella,  in  the  axai 
furrow  which  separates  this  region  from  the  cheeks.  M'Coy  thought 
that  these  "  cephalic  pores  "  might  have  been  the  points  of  origin  of  a 
pair  of  antenn£e.  It  is  certain,  however,  that  this  cannot  be  the  true 
explanation  of  these  structures  ;  and  they  may  be  perhaps  accounted  for 
as  marking  the  point  of  origin  of  deep  internal  processes  of  the  exo- 
skeleton  to  which  muscles  were  attached,  while  it  has  also  been  suggested 
that  they  may  indicate  the  position  of  a  pafr  of  "  oceUi." 

At  each  side  of  the  glabella,  and  continuous  with  it,  is  a  small 
semicircular  area,  which  is  termed  the  "fixed  cheek"  (fig.  368,/). 
The  glabella,  with  the  "  fixed  cheeks,"  is  separated  from  the  lateral 
portions  of  the  cephalic  shield,  termed  the  "  movable  "  or  "  free  " 
cheeks,  by  a  peculiar  suture  or  line  of  division,  which  is  known 
as  the  "facial  suture"  (fig.  368,  f).  No  such  line  of  division 
is  known  to  exist  in  any  recent  Crustacean ;  but  there  is  a  faint 
indication  of  it  in  Limulus,  and  some  doubtful  traces  of  it  in  certain 
other  forms.  The  course  taken  by  the  facial  sutures  differs  in 
different  cases,  and  causes  an  important  difference  in  the  structure 
of  the  cephalic  shield.  In  some  cases  {Asaphus,  Phacops,  Homa- 
lofiotus,  8zc.)  the  facial  sutures,  starting  from  the  posterior  margins 
of  the  buckler,  skirt  the  fixed  cheeks,  and  join  one  another  in  front 
of  the  glabella.  In  these  cases  it  is  obvious  that  the  free  cheeks 
form  a  single  piece,  so  that  the  entire  shield  consists  of  but  two 
portions — i,  the  glabella  and  fixed  cheeks ;  and  2,  the  amalgamated 
free  cheeks.  In  other  cases  {Paradoxides,  Illanus,  Proetus,  &c.), 
the  facial  sutures,  instead  of  joining  in  front  of  the  glabella,  are 
continued  forward,  till  they  cut  the  anterior  margin  of  the  shield 
separately.  In  these  cases  the  free  cheeks  are  discontinuous,  and 
the  cephalic  shield  consists  of  three  portions.  In  a  few  genera  (as  in 
Trimicleus,  Microdiscus,  and  Agnostus)  the  facial  sutures  are  absent, 
in  which  case  the  free  and  fixed  cheeks  are  fused  with  one  another. 

The  posterior  angles  ("  genal  angles  ")  of  the  free  cheeks  are  very 
commonly  prolonged  into  longer  or  shorter  spines,  and  the  free 
cheeks  also  bear  the  eyes.  The  eyes  are  compound,  and  consist  of 
an  aggregation  of  facets,  covered  by  a  thin  cornea.  They  are  gen- 
erally crescentic  or  reniform  in  shape,  and  are  invariably  sessile,  in 
the  sense  that  they  are  never  supported  upon  movable  stalks.  In 
some  cases,  however,  they  are  carried  upon  longer  or  shorter  prom- 
inences.   The  eyes  differ  much  in  size,  and  they  are  wanting  in  a 
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few  forms,  such  as  Aguosius,  Ampyx,  some  of  the  Tnnuc/et,  and 
certain  forms  of  ConocepM/us.  Though  facets  are  usually  easily 
detected  in  such  as  have  eyes  of  any  size,  there  are  some  {Bronteus, 
Arethusina,  Froeius,  &c.)  in  which  the  eyes  are  smooth.  In  any 
case,  the  number  of  lenses  varies  greatly,  there  being  as  few  as  four- 
teen facets,  or  as  many  as  fifteen  thousand  in  each  eye  in  different 
types  (Barrande). 

Behind  the  cephalic  shield  comes  the  thorax,  composed  ot  a 
variable  number  of  segments  which  are  not  soldered  together,  but 
are  capable  of  more  or  less  movement  upon  each  other.  The 
amount  of  movement  thus  allowed  varies,  but  in  several  genera 
(e.g.,  Calymene  and  Illcenus)  it  was  sufficiently  great  to  allow  of  the 
animal  completely  rolling  itself  up  after  the  manner  of  a  hedgehog. 
The  number  of  body-rings  or  segments  in  the  thorax  varies  from  no 
more  than  two  {Agnostus)  to  as  many  as  twenty-six  {Harpes  ungula), 
or  twenty-nine.  Ordinarily  the  thorax  (fig.  373)  is  strongly  trilobed, 
and  each  body-ring  exhibits  the  same  trilobation,  being  composed  of 


Fig.  no.— Bronteus  lunatus.  Fig.  n^.—Cheirl^rus  pk%ir-  Yi'g.  -iTi.—Calymaie 

exanthemns.  Bluiiiaibachii. 

a  central,  more  or  less  convex  portion,  called  the  "  axis,"  and  of  two 
flatter  side-lobes,  termed  the  "  pleura."  The  pleurae  are  in  one  piece 
with  the  axis,  but  are  separated  from  it  by  a  more  or  less  pronounced 
groove,  the  "  axal  furrow."  In  one  type  of  pleurse,  each  of  these 
structures  carries  a  deep  longitudinal  groove  or  sulcus  upon  its  upper 
surface  (as  in  Asaphus,  Ogygia,  Fhacops,  Calymene,  &c.)  In  another 
type,  on  the  other  hand  (as  in  Cheirurus,  Bronteus,  Acidaspis,  Szc), 
the  place  of  the  sulcus  is  taken  by  a  similarly  situated  oblique  ridge. 
The  pleurse  are  always  bent  downwards  towards  their  ends,  and  also 
commonly  bent  backwards  as  well,  the  point  where  the  backward 
curvature  begins  being  the  "  fulcrum  "  of  Salter.    In  the  Trilobites 
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with  grooved  pleurae,  more  especially,  the  pleura  imbricate  and 
overlap;  and  the  "fulcrmii"  of  each  is  often  bevelled  off,  so  as  to 
form  a  facet  upon  which  the  pleura  immediately  in  front  plays  thus 
allowmg  the  animal  to  roll  j^p.  In  the  state  of  complete  enrol- 
ment, the  under  surface  of  the  pygidium  is  closely  applied  to  the 
corresponding  surface  of  the  head-shield,  thus  entirely  concealing 
the  ventral  aspect  of  the  animal.  Some  forms  (such  as  Homalonotus 
Ltchas,  T nartkrus,  Olenus,  Faradoxldes,  ^g/ina,  &c.)  are  not  known 
to  have  been  endowed  with  the  power  of  rolling  up.  Though  the 
trilobation  of  the  thorax  is  usually  very  well  marked  (figs.  370-373) 
at  other  times  the  axis  is  very  broad,  and  the  axal  furrows  more  or 
less  mconspicuous.  This  is  the  case  in  Illcenus  (fig.  374),  and  to  a 
less  extent  in  Homalonotus. 

The  caudal  shield  or  "  pygidium  " — commonly  called  the  "  tail " 
—is  composed  of  a  greater  or  less  number  of  segments  anchylosed 


Fig.  373. — Asaphus  Canadensis  (Chap- 
man). Ordovician. 


374- — {i/tenus  Barriensis 
(Murchison).  Silurian. 


or  amalgamated  with  one  another.  Commonly,  the  pygidium  is 
trilobed  (fig.  373),  like  the  thorax,  and  consists  of  a  central  elevated 
"  axis "  and  of  a  marginal  "  limb."  The  limb  is  separated  from 
the  axis  by  axal  furrows,  and  usually  exhibits  on  its  surface  the 
lines  which  indicate  the  component  pleurae,  as  well  as  the  longi- 
tudinal furrows  on  the  faces  of  these.  The  extremity  of  the  pygi- 
dium is  sometimes  simply  rounded,  with  an  "  entire  "  margin ;  but 
it  may  be  prolonged  into  a  shorter  or  longer  spine  or  "  mucro  "  (fig. 
369),  and  the  ends  of  the  pleurae  may  also  be  extended  into  spine- 
like projections  (fig.  375).  The  number  of  rings  in  the  tail  varies 
from  two  {Sao  hirsuta)  to  twenty-eight  (species  of  Amphioii). 
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AVith  regard  to  the  condition  of  the  U7ider  surface  of  the  Trilo- 
bites,  the  progress  of  our  knowledge  has  been  slow,  and  is  still  in 
some  respects  far  from  complete.  Specimens  showmg  the  inferior 
surface  are  exceedingly  rare,  and  until  of  late  years  the  only  struc- 
ture which  had  been  detected  on  this  aspect  of  the  animal  was  the 


Fie  :i7=;  —Glabella  and  pygidium  of  Dikellocephalus  magnificiis,  Quebec  group  (Lower 
*  ^'  Ordovician).    (After  Billings.) 


upper  lip.    The  margin  of  the  head-shield  (as  that  of  the  pygidium 
also)  is  turned  under  in  the  form  of  a  broader  or  narrower  down- 
ward and  inward  inflection  or  "doublure"  (fig.  377,  d\  and  to  the 
centre  of  this  is  attached  the  lip-plate  or  "  hypostome."    The  form 
of  this  varies,  but  usually  it  is  either  an  oval  gibbous  plate  or  it  is 
broad  and  deeply  forked  behind  (figs.  376, 
377,  h).    Beside  this  lip-plate,  in  a  speci- 
men of  Asaphus  platycephahis,  Dr  Henry 
Woodward  detected  a  jointed  filament  (fig. 
376,/),  apparently  attached  to  a  maxillary 
plate,  and  representing  a  "  maxillary  pal- 
pus."   At  a  later  period,  Mr  Billings  de- 
scribed a  specimen  of  Asaphus  platycepha- 
lus,  showing  the  under  surface  of  the  body, 
with  a  pair  of  apparently  jointed  appen- 
dages attached  to  each  segment  of  the 
thorax ;  but  the  nature  of  these  structures 
as  ambulatory  legs  was  not  universally  admitted.    The  correctness 
of  the  view  held  by  Mr  Billings  as  to  the  nature  of  the  thoracic 
limbs  in  Asaphus  platycephalus   has,  however,  been  completely 
established  by  a  specimen  of  Asaphus  megistos,  from  the  Ordovi- 
cian rocks  of  Ohio,  which  shows  the  under  surface  with  its  appen- 


Fig.  376.  —  Buccal  organs  of 
Asaphus    platycephalus  (after 
Woodward),    /i,  Hypostome ; 
Palpus;  m,  Ma.\illa(?). 
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dages,  and  which  has  been  described  by  Dr  Mickleborough  and 
Mr  Walcott.  In  this  remarkable  specimen  (fig.  377),  all  the  seg- 
ments of  the  thorax,  as  well  as  those  of  the  pygidium,  are  pro- 
vided with  jointed  limbs,  while  branchial  filaments  (3)  are  likewise 

present.  Apart  from  the 
interesting  specimens 
above  noticed,  the  con- 
dition of  the  under  sur- 
face of  the  Trilobites, 
with  it's  appended  struc- 
tures, has  been  fully  in- 
vestigated by  Mr  Charles 
D.  Walcott,  whose  re- 
searches have  been  car- 
ried on  by  the  method 
of  making  thin  transverse 
and  longitudinal  sections 
of  rolled -up  specimens. 
This  able  observer  has 
shown  that  the  visceral 
cavity  of  the  Trilobites 
(fig.  378,  was  bounded 
inferiorly  by  a  thin  mem- 
brane, which  was  attached 
to  the  lower  margin  of 
the  dorsal  crust  all  round. 
This  ventral  membrane 
was  supported  by  calci- 
fied arches,  which  in  turn 
supported  the  appendages 
beneath.  As  to  these 
latter,  it  is  now  estab- 
lished that  there  existed 
a  row  of  articulated  ap- 
pendages on  each  side 
of  the  middle  line  below 
(fig.  379).  In  the  genus 
Calyviene,  as  will  be  seen  from  the  accompanying  illustrations,  the 
thoracic  appendages  were  in  the  form  of  slender,  five-jointed  legs, 
in  which  the  terminal  segment  forms  a  pointed  claw,  and  the  basal 
segment  carries  a  jointed  appendage,  regarded  by  Mr  AValcott  as 
homologous  with  the  "epipodite"  of  many  recent  Crustaceans. 
On  each  side  of  the  thoracic  cavity  there  is,  also,  attached  a  row  of 
bifid  spiral  appendages  (fig.  378,  e\  of  the  nature  of  gills;  and 
branchial  appendages  were  probably  attached  to  the  bases  of  the 
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Fig.  377. — Under  surface  of  the  body  of  Asaphus  meg- 
istos,  from  the  Ordovician  rocks  of  Ohio,  with  the  miss- 
ing parts  restored  in  outline,  d,  and  ci",  Doublure  or 
infolded  margin  of  the  cephalic  shield,  thorax,  and  pygid- 
ium respectively.  All  the  rings  of  the  thorax  and  tail 
carry  jointed  limbs,  and  branchial  filaments  (b)  are  also 
present.  In  front,  the  bases  of  the  last  pair  of  cephalic 
appendages  (maxillipedes)  is  shown  (in),  h.  The  hypos- 
tome.    (After  Walcott.) 
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thoracic  limbs  as  well.  The  abdominal  or  pygidial  rmgs  earned 
appendages  also,  a  pair  to  each  segment,  but  these  do  not  appear 
to  have  differed  in  form  from  the  thoracic  limbs.  AVith  regard  fin- 
ally to  the  appendages  of  the  head,  the  mouth  is  situated  behmd 
the  hypostome,  and  is  bounded  by  four  pairs  of  jointed  manduca- 
tory appendages,  the  basal  joints  of  which  are,  partly  or  wholly, 
modified  to  act  as  jaws.  The  hindmost  cephalic  appendages  (fig. 
379,  ^)  are  larger  than  the  anterior  ones,  and  may  be  regarded  as 
foot-jaws. 

In  connection  with  the  exoskeleton  of  the  Trilobites,  a  few  words 
may  be  said  as  to  the  mimite  structure  of  the  crust.  Thin  vertical 
sections  (fig.  380,  b)  show  that  the  crust  is  traversed  by  vertical 
canals  or  tubes  of  different  sizes,  the  general  tissue  being  finely 


Fig.  378. — Transverse  section  of  the  thorax  oi  Calymcne  scnaria,  partially  restored  (after  C. 
D.  Walcott).  a,  Dorsal  crust ;  b.  Visceral  cavity,  continued  laterally  to  the  pleural  margins  of 
the  dorsal  crust;  c,  Legs,  restored  ;  d,  Epipodite;  e,  Spiral  gills.    Enlarged  six  times. 


tubulated  so  as  to  resemble  somewhat  the  dentine  of  teeth,  and 
there  being  usually  a  system  of  comparatively  large  vertical  tubes  as 
well.  Tangential  sections  (fig.  380,  a  and  c)  may  only  exhibit  the 
openings  of  the  larger  set  of  tubes,  or  may  show  the  minute  and 
close-set  apertures  of  the  small  tubuli  as  well.  Where  a  large  set  of 
tubes  is  clearly  developed,  the  minute  structure  of  the  crust  is  very 
similar  to  that  of  the  shell  of  the  recent  Limulus  ;  but  the  presence 
of  these  large  tubes  cannot  be  regarded  as  a  distinctive  feature,  since 
similar  canals  are  present  in  the  shell  of  the  Lobster,  in  parts  at  any 
rate. 

With  regard  to  the  development  of  the  Trilobites,  the  eggs  have 
been  noticed  by  both  Barrande  and  Walcott.  They  are  spheroidal 
or  cylindroidal  in  shape,  and  mostly  about  a  twenty-fifth  to  a  fiftieth 
of  an  inch  in  diameter,  and  they  seem  to  have  been  deposited  in 
clusters.    The  larval  condition  of  the  Trilobites  is  only  known  in 
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certain  cases,  and  it  is  possible  that  the  young  may  often  have  been 
naked.    1  his  subject  has  been  chiefly  worked  out  by  Barrande,  who 

has  shown  that,  so  far  as  our 
present  knowledge  goes,  the 
development  of  the  Trilobites 
follows  one  or  other  of -four 
principal  lines.  In  one  group 
of  forms  {e.g.,  Sao  hirsuta),  the 
most  minute  larv£e  observed 
possess  a  head-shield,  but  have 
no  pygidium,  while  the  thorax  is 
either  wanting  or  rudimentary. 
In  another  type  {Agnostus),  the 
larva  has  both  the  head-shield 
and  pygidium  in  a  developed 
condition,  but  the  thorax  is 
wanting.  In  a  third,  all  the 
three  regions  of  the  body  are 
present,  but  the  thorax  and 
pygidium  are  at  first  incom- 
plete ;  and  in  a  fourth  group, 
though  the  thorax  possesses 
the  number  of  rings  proper  to 
the  adult,  the  pygidium  is  im- 
perfect. 


Fig-  379-— Restoration  of  the  under  surface  ot 
Cnlyitiene  Bluiiienbachii,  showing  the  appendages. 
d,  Doublure  of  the  cephalic  shield  ;  Hj'pos- 
tome ;  b,  The  last  pair  of  cephalic  appendages 
(maxillipedes) ;  Mouth,  bounded  by  the  jaws; 
a,  Thoracic  limbs ;  a' ,  Abdominal  limb.s.  (After 
Walcott.) 


As  to  their  jnode  of  life,  the 
Trilobites,  as  before  remarked, 
seem  to  have  delighted  in  muddy 
bottoms,  though  often  found  in 
limestones,  and  they  must  have  frequented  particular  localities  in  vast 
numbers.    In  connection  with  this  subject,  we  may  briefly  notice  certain 
tracks  or  markings  in  the  rocks,  which  may  perhaps  have  been  pro- 
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Fig.  380.— A,  Tangential  section  of  the  crust  of  Caiymenc  senarla^  showing  the  openings  of 
large  and  small  tubes;  b,  Vertical  section  of  the  same:  c,  Tangential  section  of  the  crust  of 
Asafihus  Canadensis,  showing  a  minutely  porous  structure.  All  the  figures  are  greatly  magnified. 
(Original.) 


duced  by  these  extraordinary  extinct  Crustaceans,  or  by  their  allies  the 
King-crabs  and  Eurypterids.  The  most  interesting  of  the  tracks  in  ques- 
tion are  those  which  have  been  described  by  Professor  Owen  from  the 
Potsdam  Sandstone  (Upper  Cambrian)  of  Canada,  under  the  name  of 
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Protichnites.  The  tracks  upon  which  this  genus  is  founded  (fig.  381,  A 
and  B)  consist  essentially  of  a  median  groove,  with  a  number  of  depres- 
sions or  footprints  on  each  side  in  corresponding  pairs,  these  being  often 
arranged  in  answering  groups,  of  seven  or  eight  pairs  each.  Sometimes 
the  pits  or  footprints  are  replaced  by  shallow  grooves,  on  each  side  of  the 
main  median  groove  (fig.  381,  b).  The  Xx^c^s  o<i  Proticlmites  indicate 
the  e.xistence  in  the  Upper  Cambrian  of  some  animal  of  very  considerable 
size,  since  they  are  sometimes  half  a  foot  or  more  in  width.  That  the 
animal  producing  these  tracks  was  a  Crustacean  can  hardly  be  doubted  ; 
the  median  groove  being  made  by  the  tail-spine,  and  the  lateral  mark" 
in°-s  by  the  feet ;  and  as  we  know  that  large  Trilobites  actually  lived 
during  this  period,  it  seems  most  reasonable  to  suppose  that  we  have  in 
these  the  real  makers  of  the  tracks.  Sir  William  Dawson,  however,  has 
shown  that  tracks  of  a  closely  similar  nature  are  formed  by  the  living 
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Fig.  381. — Supposed  Crustacean  tracks  and  burrows.  A,  Portion  of  the  track  of  Proticli' 
nites  alternans,  from  the  Potsdam  Sandstone,  reduced  to  one-tenth  of  the  natural  size ;  B, 
Portion  of  the  track  of  Protichnites  lineatus,  from  the  same  formation,  similarly  reduced  ;  c, 
Portion  of  Cliniactichnites  Wilsoni,  from  the  Potsdam  group,  reduced  to  one-thirtieth  of  the 
natural  size ;  d,  Rusichnites  {Rusophycus)  bilobatiis,  from  the  Clinton  formation  (Silurian),  re- 
duced one-half.    (After  Owen  and  Hall.) 


King  -  crabs  {Limuhis),  and  he  would  therefore  ascribe  Protichnites 
rather  to  the  Eurypterids.  The  same  eminent  observer  has  also  shown 
that  smaller  fonns  of  Proticlinites  occur  in  the  Carboniferous  ;  and  he 
ascribes  these  to  the  Limuloid  genus  Belinjirus.  The  curious  track 
known  as  Clijnactichnites  (fig.  381,  c)  is  likewise  found  in  the  Potsdam 
formation,  and  consists  of  a  band  about  six  inches  wide,  crossed  by 
straight  ridges,  and  bounded  by  beaded  margins.  These  were  probably 
formed  by  the  same  animal  as  that  which  produced  Protichnites^  and 
Dawson  has  shown  that  the  living  Liiniilns,  when  it  uses  its  swimming- 
feet,  gives  rise  to  a  ladder-like  track  of  the  same  kind.  Prof  Chapman 
believes  that  both  Protichnites  and  Cliniactichnites  are  really  of  vegetable 
origin.  The  only  other  fossil  which  need  be  mentioned  in  this  connec- 
tion is  the  curious  Rusichnites,  which  is  of  common  occurrence  in  the 
Ordovician  and  Silurian  rocks  of  North  America,  and  is  also  found 
in  the  Carboniferous.  Originally  described  as  a  plant  under  the  name 
of  Rusophycus,  its  name  was  changed  by  Dawson  to  Rusichnites,  in 
accordance  with  his  belief  that  it  really  represents  the  casts  of  the  bur- 
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rows  of  Trilobites,  and  that  it  can  be  shown  to  be  sometimes  connected 
with  footprints  consisting  of  a  double  series  of  transverse  markings  In 
form,  Rusichnites  (fig.  381,  d)  presents  itself  as  an  oval,  cylindroidal 
body,  deeply  furrowed,  or  bilobed,  by  means  of  a  longitudinal  sulcus, 
the  lateral  halves  being  transversely  ridged  or  grooved.  The  body 
thus  constituted  may  be  independent,  or  may  stand  in  apparent  con- 
nection with  a  cylindrical  and  slender  appendage. 

With  regard  to  their  systematic  position,  the  Trilobites  have  been 
usually  regarded  as  Entomostracous  Crustaceans,  with  relationships 
to  the  Phyllopods  and  to  the  Merostomata ;  but  they  have  been 
sometimes  considered  as  related  to  the  Isopods.  With  regard  to 
these  last,  there  is  no  doubt  a  considerable  general  likeness  between 
such  an  Isopod  as  Serolis  and  various  forms  of  the  Trilobites ;  and 
a  tangible  point  of  resemblance  is  found  in  the  fact  that  in  many 
Isopods  the  caudal  segments  coalesce  to  form  a  shield  like  the 
pygidium  of  the  Trilobites.  On  the  other  hand,  the  segmentation 
of  the  body  in  the  Trilobites  is  indefinite,  the  number  of  limbs  is 
large,  and  thoracic  branchiae  are  developed ;  whereas  in  the  Isopods 
the  segmentation  of  the  body  is  definite,  there  are  only  seven  pairs 
of  legs,  and  the  branchiae  are  abdominal.  With  the  Phyllopods, 
the  Trilobites  are  in  agreement  as  regards  the  indefinite  segmenta- 
tion of  the  body ;  and  the  recent  genus  Apus  possesses  a  lip-plate 
which  in  form  is  very  similar  to  that  of  the  Trilobites.  The  Trilo- 
bites, however,  have  a  calcareous  crust ; 
their  limbs  are  jointed,  and  not  phyllo- 
podous;  and  the  segments  of  the  ab- 
domen are  anchylosed.  There  are, 
finally,  remarkable  points  of  relationship 
between  the  Trilobites  and  the  Mero- 
stomata, and  particularly  between  the 
former  and  the  Limuloid  types  of  the 
latter.  Thus,  the  Trilobites  show  affin- 
ities with  the  Merosto7nata  in  the  pos- 
session of  a  very  similar  head-shield  to 
that  of  the  latter,  the  presence  (particu- 
larly in  some  extinct  Limuloids)  of  dis- 
tinct indications  of  a  "  facial  suture,"  the 
existence  of  compound  sessile  eyes,  and 
the  microscopic  structure  of  the  crust.  Moreover,  the  larva  of  the 
recent  Limulus  (fig.  382)  is  destitute  of  the  tail-spine  of  the  adult, 
and  in  many  respects  shows  a  striking  resemblance  to  certain  of  the 
Trilobites,  and  particularly  to  the  genus  Tri?mckus.  There  are, 
however,  various  striking  points  of  difference  between  the  Trilo- 
bites and  the  Limuloids.  Thus  the  former  always  possess  free 
thoracic  segments,  and  the  appendages  carried  on  these  differ  en- 


Fig.  382. — Larva  of  Limulus  on 
hatching,  greatly  enlarged.  (After 
Dohrn.) 
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tirely  from  those  borne  on  the  same  region  in  any  of  the  Mero- 
stomata.  Again,  the  Trilobites  have  no  "  ocelh,"  and  have  a  well- 
developed  hypostome.  On  the  other  hand,  the  thoracic  somites 
in  the  Limuloids  may  be  completely  anchylosed  (as  they  are  in 
Limulus  itself)  J  ocelH  are  present  as  well  as  compound  eyes ;  and 
the  hypostome  is  rudimentary  or  absent.  Upon  the  whole,  in  spite 
of  the  above-mentioned  differences,  it  would  seem  that  the  Trilo- 
bites are  more  nearly  related  to  the  Merostomata  than  to  any  other 
crroup  of  the  Crustacea,  and  if,  as  maintained  by  Claus  and  other 
high  authorities,  the  latter  are  properly  referable  to  the  Arachnida, 
it  will  be  apparently  necessary  to  transfer  the  Trilobita  also  to  this 
class  of  the  Arthropoda.  Apart,  however,  from  the  difficult  ques- 
tion as  to  whether  the  Limuloids  and  Eurypterids  are  referable  to 
the  Arachnida  or  to  the  Crustacea,  it  may  be  questioned  if  there 
is  sufficient  justification,  in  the  present  state  of  our  knowledge,  for 
placing  these  two  groups  along  with  the  Trilobites  in  the  common 
division  to  which  Claus  has  given  the  name  of  Gigantostraca.  The 
differences  between  the  Trilobita  on  the  one  hand,  and  the  Xipho- 
sjira  and  Eurypterida  on  the  other  hand,  are,  at  any  rate,  so 
numerous  that  it  would  be  a  matter  of  difficulty  to  frame  a  defini- 
tion of  the  Gigantostraca  which  would  embrace  these  three  orders, 
and  would  at  the  same  time  exclude  all  the  other  groups  of  the 
Crustacea. 

The  general  facts  as  to  the  distribution  of  the  Trilobita  in  past 
time  are  soon  told.  The  Trilobites  are  exclusively  Pateozoic,  their 
range  extending  from  the  Upper  Cambrian  to  the  Permian.  If  the 
problematical  Falaopyge  Ramsayi  of  the  Longmynd  beds  be  a  Tri- 
lobite,  then  the  order  has  its  commencement  in  the  Lower  Cambrian. 
In  the  Upper  Cambrian  rocks  the  order  attained  a  wonderful  devel- 
opment, the  number  of  generic  and  specific  types  already  known 
from  this  formation  being  very  large,  while  individuals  are  sometimes 
extremely  abundant.  Some  of  these  so-called  "  Primordial "  Trilo- 
bites attain  a  very  great  size,  being  only  surpassed  amongst  later 
forms  by  some  species  of  Asaphus.  They  mostly  belong  to  the 
families  of  the  Agfiostidce,  ConocephalidcB,  and  Paradoxida,  and  to 
the  genera  Paradoxides,  Conocoryphe,  Sao,  Ellipsocephalus,  Hydro- 
cephdlus,  Arionellus,  Dikellocephalus,  &c.  Along  with  these,  however, 
are  genera  such  as  Agnostus,  which  pass  up  into  the  Ordovician. 
Some  of  the  "  Primordial "  Trilobites  are  not  so  highly  organised 
as  their  successors,  as  shown  by  the  occasional  absence  of  eyes, 
or  want  of  the  facial  suture,  by  the  imperfect  segmentation  of  the 
glabella,  or  by  the  multiplication  or  diminution  of  the  number  of 
the  body-rings  ;  but  others  do  not  exhibit  any  inferiority  to  those 
of  later  periods. 

In  the  Ordovician  and  Silurian  rocks  the  Trilobites  attain  their 
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maximum  of  development,  the  leading  families  being  the  Asaphidce, 
Phacopidce^  Trinudeida,  Chetruridce,  and  Calymenida,  and  the  chief 
genera  being  Asaphus,  Ogygia,  Fhacops,  Trinuckus,  Ampyx,  Cheiru- 
rus,  Encrinums,  Calyjuene,  and  Homalotiotus.  In  the  Devonian 
rocks,  again,  Trilobites  are  tolerably  abundant,  though  less  so  than 
in  the  preceding  series.  The  commonest  Devonian  genera  are 
Phacops,  Homalonotus,  Proetus,  and  Bronteiis.  Lastly,  the  order 
seems  to  die  out  before  the  close  of  the  Palaeozoic  epoch,  being 
represented  in  the  Carboniferous  period  solely  by  the  four  genera 
Phillipsia,  Brachymetoptis,  Griffithides,  and  Proetus ;  while  in  the 
Permian  rocks  only  a  single  species  of  Phillipsia  has  hitherto  been 
detected. 

In  the  following,  a  brief  summary  of  the  families  of  the  Tri/obiia, 
indicating  the  principal  genera  of  each,  and  their  distribution  in 
time,  will  be  given.  No  strictly  zoological  arrange- 
ment of  these  families  is  as  yet  possible,  except  in  a 
general  sense,  but  the  classification  proposed  by  M. 
Barrande,  one  of  the  most  illustrious  palseontologists 
of  this  century,  has  been  in  the  main  adhered  to. 

Family  i.  Harpedid^e. — Cephalic  shield  large, 
and  horse-shoe-shaped,  its  posterior  angles  greatly 
prolonged,  and  its  margin  or  "  limb  "  perforated  by 
pores  (fig.  383).  The  glabella  is  conical  and  pro- 
minent, with  slightly  marked  furrows,  and  the  eyes 
are  small,  and  consist  of  a  few  lenses.  There  are  from  twenty-five 
to  twenty-nine  thoracic  segments,  and  the  pygidium  is  extremely 
small,  and  consists  of  three  or  four  amalgamated  segments.  The 
species  of  Ilarpes,  the  sole  genus  comprised  in 
this  family,  are  principally  Ordovician  and  Silu- 
rian, but  a  few  Devonian  forms  are  known. 

Family  2.  REMOPLEURiDiE. — In  this  family  the 
head  is  greatly  developed,  semicircular  in  shape, 
the  genal  angles  produced  into  spines.  The 
glabella  is  smooth,  or  possesses  three  pairs  of 
lateral  grooves,  and  the  facial  sutures  unite  in 
front  of  it.  The  eyes  are  very  long  and  are 
reticulated.  There  are  eleven  to  thirteen  body- 
rings,  with  grooved  pleurae,  and  the  pygidium  is 
very  small,  and  is  often  reduced  to  two  segments. 
This  family  contains  only  the  single  genus  Remo- 
pletirides  (fig.  384),  which  is  confined  to  the  Ordo- 
vician and  Silurian  deposits. 

Family  3.  Paradoxid.il  or  Olenid/E. — Head-shield  well  devel- 
oped, crescentic,  the  genal  angles  produced.  The  glabella,  typi- 
cally, widest  anteriorly,  with  well-marked  grooves.     The  facial 


Fig-  383.— 
ungiila,    from  the 
Silurian  of  Bohemia. 
(After  Barrande.) 


Fig.  384. — Rciiio- 
jjileuridcs  radians. 
Ordovician.  (After 
Barrande.) 
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sutures  nearly  parallel,  cutting  the  head-shield  separately ;  the  eyes 
large.  The  body  is  very  long  (fig.  385.  ^)  >  thorax  has  from 
twelve  to  twenty  segments,  with  grooved  pleurte  ;  the  pygidmm 
being  usually  small  and  of  few  segments.  The  family  is  essentially 
characteristic  of  the  Cambrian  deposits,  ranging  through  all  the 
divisions  of  this  formation. 

The  principal  genus  of  this  group  is  Paradoxides  itself  (fig.  385,  a, 
and  fig.  386),  with  its  long  and  trilobed  body,  sometimes  reaching 
a  length  of  two  feet  or  more.    The  thorax  in  this  genus  is  greatly 


Fig.  385. — Paradoxidm  and  Conocephalida.  a,  Paradoxides  Bohemicus,  reduced  in  size  ;  b, 
Ellipsocephalus  Hojfi ;  c,  Sao  hirsuta;  d,  Conocoryphe  Sultzeri — (all  the  above,  together  with 
fig.  g,  are  from  the  Upper  Cambrian  or  "Primordial  Zone"  of  Bohemia);  e,  Head-shield  of 
Dikelloceplialus  Celticus,  from  the  Lingula  Flags  of  Wales;  f,  Head -shield  of  Conocoryphe 
Matihewi,  from  the  Upper  Cambrian  (Acadian  Group)  of  New  Brunswick  ;  g;  Agnostus  rex, 
Bohemia;  h,Ta\\-?,\nM  of  Dikcl/occphaliis  Minnesotensis,  from  the  Upper  Cambrian  (Potsdam 
Sandstone)  of  Minnesota.    (After  Barrande,  Dawson,  Salter,  and  Dale  Owen.) 


elongated,  and  consists  of  sixteen  or  twenty  rings,  while  the  axis  of 
the  pygidium  often  contains  two  segments  only.  The  eyes  are 
long,  reniform,  and  smooth.  The  genus  is  characteristic  of,  and 
confined  to,  the  Cambrian  period.  Plutonia  and  Anopolemis,  with 
a  similar  geological  range,  are  closely  related  to  Paradoxides ;  but 
the  former  of  these  two  genera  has  a  narrow  glabella  and  a  tuber- 
culated  surface,  while  the  latter  has  the  last  two  pleurse  of  the  thorax 
dilated  and  bent  backwards,  and  the  pygidium  has  wide  lateral  lobes. 
The  genus  Olenellus  resembles  Paradoxides  in  most  respects,  but 
VOL.  I.  2  L 


530 


CRUSTACEA. 


there  are  only  thirteen  or  fourteen  segments  in  the  thorax,  and  the 
lateral  lobes  of  the  pygidium  are  undeveloped,  the  elongated  and 
pointed  axis  alone  remaining.  The  genus  Olenellus  appears  to  be 
characteristic  of  the  Lower  Cambrian  deposits,  while  Pdradoxides 
distinguishes  the  Middle  Cambrian  fauna,  and  Oletms  (or  Dikello- 
cephalus)  the  Upper  Cambrian. 

In  Hydrocephalus,  again,  the  glabella  is  immensely  inflated,  with 
a  median  longitudinal  groove ;  and  the  facial  sutures  cut  the  outer 


Fig.  -iid.—Paradoxides  Micmac.    St  John's  Group  (Cambrian),  Newfoundland. 

(After  Dawson.) 

margins  of  the  head-shield,  so  that  the  free  cheeks  become  much 
reduced  in  size,  and  the  genal  spines  are  attached  to  the  fixed 
cheeks.  Eyes  are  wanting,  and  there  are  only  twelve  body-rings. 
A  more  important  and  widely  distributed  genus  of  this  family  is 
Olenus  (fig.  387),  in  which  the  general  characters  are  very  similar 
to  those  of  Paradoxides,  but  the  glabella  is  contracted  in  front  so 
as  to  become  conical,  and  its  furrows  are  often  extended  completely 
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across  it :  there  are  only  fourteen  body-rings ;  and  the  pygidium  is 
well  developed.  Faradolitia  includes  Oleni  with  only  twelve  body- 
rings,  and  with  a  spined  margin  to  the  pygidium ;  while  Peltura 
embraces  forms  in  which  the  hinder  angles  of 
the  head-shield  are  rounded,  and  the  glabella 
is  prolonged  forwards  to  the  front  margin. 
Olenus  and  its  sub-genera  are  confined  to  the 
Cambrian  period,  and  specially  distinguish  the 
Upper  Cambrian  desposits.  Characteristic  of 
the  same  geological  horizon  is  the  genus 
Dikellocephalus  (figs.  375,  and  385,  h)  in 
which  the  most  striking  feature  is  the  broad, 
fanlike,  often  spined  tail,  with  its  short  many- 
ringed  axis.  The  facial  sutures  '  cut  the 
margin  of  the  head-shield  separately  in  front.     Fig.  ^iq.-oknns  viicm- 

11  (-  1  i_   11  Ti      iU  from  the  Upper  Cam- 

and  the  grooves  of  the  glabella  are  like  those  brian.  (After  Salter.) 
of  many  Oleni  in  joining  from  side  to  side. 

Family  4.  Conocephalid^e. — This  family  is  a  convenient  one  to 
retain,  though  it  does  not  seem  at  present  possible  to  separate  it 
from  the  preceding  by  any  rigid  definition.  Its  members  resemble 
the  Faradoxidce  in  general  characters,  but  the  glabella  is  narrow  in 
front,  or,  at  any  rate,  not  dilated  in  this  region,  and  the  tail  is 
usually  fairly  well  developed,  while  the  thoracic  rings  are  not  so 
numerous  as  in  the  typical  forms  of  the  latter.  Moreover,  most  of 
the  members  of  the  ConocephalidcE  have  the  power  of  rolling  up  into 
a  ball.  The  type-genus  is  Conocoryphe  or  Conocephalites  (fig.  385, 
d  and  /),  which  has  resemblances  to  both  Olenus  and  Calyniene,  its 
glabella  approaching  that  of  the  latter  in  its  comparatively  great 
posterior  width  and  its  contraction  in  front.  Eyes  are  usually,  but 
not  always  present ;  the  facial  sutures  are  discontinuous ;  the  fixed 
cheeks  are  large  and  the  free  cheeks  small ;  and  there  are  fourteen 
or  fifteen  body-rings,  while  the  tail  has  from  two  to  eight  rings. 
The  genus  is  represented  by  very  numerous  species  in  the  Upper 
Cambrian,  and  also  occurs  in  the  Ordovician  rocks.  Ellipso- 
cephalus  (fig.  385,  b)  is  related  to  the  preceding,  but  the  glabella 
is  subquadrate,  smooth,  and  convex,  and  there  are  twelve  to  four- 
teen body-rings.  Angelina  (fig.  388)  is  another  Upper  Cambrian 
genus,  with  affinities  to  Olenus.  Its  glabella,  however,  is  destitute  of 
grooves,  and  the  tail  is  composed  of  four  or  five  rings,  while  the 
body-segments  are  fifteen  in  number.  The  genus  Sao  (fig.  385,  c\ 
of  the  same  formation,  is  a  link  between  the  present  family  and  the 
Faradoxidm.  It  is  distinguished  by  its  prominent  furrowed  glabella, 
the  possession  of  seventeen  body-rings,  and  the  minute  tail  of  two 
segments  only.  Arionellus,  also  Cambrian,  has  sixteen  body-rings, 
and  three  caudal  segments ;  and  the  allied  genus  Menocephalus,  of 
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the  same  age,  is  chiefly  separated  from  the  former  by  its  much  more 
convex  glabella.  Lastly,  Bathyurus  (Upper  Cambrian  and  Ordovi- 
cian)  and  Bathyurellus  (Ordovician)  form  in  some  respects  inter- 
mediate types  between  the  Conocephalida  and  the  Asaphida ;  and 
the  Glenoid  genus  Triarthrus  survives  to  near  the  middle  of  the 
Ordovician  period. 

Fafinly  5.  BoHEMiLLiDiE. — This  family  contains  only  the  Ordo- 
vician genus  Bohemilla,  characterised  by  its  greatly  developed  head  ; 
the  glabella  being  of  large  proportionate  size,  with  four  pairs  of 
lateral  grooves,  the  hinder  ones  of  which  pass  completely  from  side 
to  side,  so  as  to  divide  this  region  of  the  head  into  regular  rings  or 


Fig.  iZi.— Angelina  Sctlgwickii,  in  its  natural  condition,  and  distorted  by  cleavage. 
Upper  Cambrian.    (After  Salter.) 


segments,  closely  resembling  those  of  the  thoracic  axis.  The  eyes 
are  large  and  reticulated;  the  course  of  the  facial  sutures  is  un- 
known ;  the  genal  angles  are  prolonged  into  long  spines,  directed 
transversely  rather  than  backwards ;  and  the  thorax  and  pygidium 
are  not  clearly  marked  off  from  one  another,  the  former  consisting 
apparently  of  five  segments  and  the  latter  of  two. 

Family  6.  Calymenid^. — In  this  family  the  crust  is  often  tuber- 
culated  or  granulated ;  the  head  is  well  developed ;  the  glabella  is 
widest  behind;  and  the  facial  sutures  are  discontinuous,  and 
terminate  at  the  posterior  angles  of  the  cephalic  shield.  There 
are  thirteen  segments  in  the  thorax,  with  grooved  pleura ;  the  tail 
is  of  moderate^size ;  and  the  condition  of  the  eyes  is  variable.  In 
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Calymene  itself  (fig.  372)  the  head  is  usually  crescentic,  with 
rounded  genal  angles;  and  the  glabella  is  conical,  strongly  convex, 
with  deep  axal  furrows,  and  divided  by  three  deep  lateral  grooves 
on  each  side,  all  the  "  lobes  "  thus  formed  being  globose,  and  the 
hindmost  being  the  largest.  The  eyes  are  minute  and  reticulated, 
but  are  rarely  recognisable.  The  tail  is  convex,  with  a  well-marked 
axis,  and  the  hypostome  is  quadrate  and  forked  posteriorly.  The 
animal  possessed  in  perfection  the 
power  of  rolling  up  into  a  ball,  speci- 
mens commonly  occurring  in  this 
condition.  The  species  of  Calymene 
are  principally  Ordovician  and  Silu- 
rian, and  the  three  most  familiar 
species  are  the  nearly  allied  C.  Blu- 
mejibachii,  C.  senaria,  and  C.  brevi- 
capitata.  The  genus  is  also  known 
to  have  survived,  in  North  America, 
into  the  commencement  of  the  De- 
vonian period. 

The  genus  Homalonottis  is  the 
only  other  member  of  the  Caly- 
meriida,  and  is  distinguished  from 
Calyniene  by  the  greatly  elongated 
and  faintly  trilobed  body  (fig.  389). 
The  glabella,  further,  is  smooth  or 
exhibits  but  faint  traces  of  lobation. 
The  species  of  Hoinalonotus  are  Si- 
lurian and  Devonian,  and  the  genus 
has  a  wide  distribution  in  space.  A 
very  familiar  species  is  the  Homalo- 
notus  delphinocephalus  of  the  Silurian 
rocks. 

Family  7.  Asaphid^e.  —  Large 
Trilobites,  generally  oval,  and  never 
furnished  with  spines  or  tubercles  on 
their  surface.   The  eyes  smooth,  and 

the  facial  sutures  terminating  on  the  posterior  margin.  The 
cephalic  and  caudal  shields  generally  of  large  size,  the  glabella 
of  the  former  often  obscure,  and  the  latter  sometimes  exhibiting 
no  indication  of  its  component  segments.  The  body-rings  usually 
eight  in  number,  with  grooved  pleurae.  The  family  is  character- 
istically Ordovician,  and  the  two  principal  genera  are  Asaphus 
and  Ogygia.  In  the  genus  Asaphus  (figs.  390,  392,  393)  the 
general  trilobation  is  somewhat  indistinct,  and  the  caudal  shield  is 
generally  equal  to  the  head  in  size.    The  genal  angles  of  the  head- 


Fig.  389.—  Hoiimlonotus  delphino- 
cephalus. Silurian. 
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shield  maybe  rounded  or  spinose,  and  the  glabella  is  not  marked  off 
by  conspicuous  axal  furrows.  The  facial  sutures  are  discontinuous 
the  eyes  crescentic,  the  hypostome  deeply  forked,  and  the  pygidium 
may  or  may  not  show  a  conspicuous  axis,  its  hinder  extremity  being 
usually  rounded,  and  its  margin  always  entire.  This  important 
genus  is  characteristic  of  the  Ordovician  rocks,  and  the  species 
have  a  world-wide  distribution,  some  of  the  forms  attaining  the 
extraordinary  size  of  two  feet  in  length.  The  genus  AsapMshd& 
been  divided  into  a  number  of  sub-genera,  of  which  Isoielus  and 
Megalaspis  are  the  most  important.  In  the  former  of  these  (fig. 
392)  the  axis  is  very  wide,  the  glabella  is  imperfectly  marked  off. 


Fig.  390. — Asaphiis  tyrannus.  Ordo- 
vician.   (.\fler  Salter.) 


Fig.  yji.—Ogygia  Buchii.  Ordovician. 
(After  Salter.) 


and  the  pleurae  have  rounded  ends.  In  Megalaspis  (fig.  393),  on 
the  other  hand,  the  axis  is  narrow,  the  glabella  is  very  short,  and 
the  head-shield  is  usually  greatly  extended  in  front. 

The  genus  Ogygia-  is  closely  allied  to  Asaphus  in  general  form  and 
proportions ;  but  the  axis  of  the  pygidium  is  more  conspicuously 
marked  than  in  most  Asaphi  (fig.  391),  the  hypostome  is  romided 
and  not  cleft,  the  glabella  is  distinctly  furrowed,  and  the  pleuras  of 
the  thoracic  segments  have  only  rudimentary  "  fulcra."  The  species 
of  Ogygia  are  confined  to  the  Ordovician  rocks.  This  is  also  the 
case  with  the  genus  Niobe,  which  is  in  some  respects  intermediate 
between  Asaphus  and  Og}'gia,  having  the  round  hypostome  and 
lobed  glabella  of  the  latter,  while  it  approaches  the  former  in  its 
wide  glabella  and  its  obtuse  and  faceted  pleurae.    The  Ordovician 


TRILOBITA. 


535 


"uve^rl:;;  ^vW.!  .he  genus  M-^.us 

"gh.  b^almo"  indifeenrty  placed  with  either  Ae  Asafi.d.  or  Ae 

^"lv  8.  ILL.^NID^.-In  this  family  the  head  and  tail  are  greatly 
developed,  and,  as  in  the  AsaJ>Md^,  are  approximately  equal  in  size 
Z  T4)  The  glabella  is  broad  and  rounded,  destitute  of  lobes, 
and  with  the  axal  furrows  hardly  at  all  marked.    There  are  eight  to 


ten  body-rings ;  and  the  axis  of  the  tail  is  truncated  or  wanting,  and 
in  no  case  exhibits  definite  segmentation.  The  free  cheeks  are  ex- 
tremely small ;  the  facial  sutures  are  separate ;  and  the  eyes  are 
crescentic. 

If  Nileus  be  regarded  as  belonging  to  the  Asaphidce,  the  only 
well-defined  genus  in  this  family  is  Illanus  itself  (fig.  394).  ■  In  this 
genus  the  head  is  large,  convex,  and  tumid,  as  is  also  the  tail,  the 
glabella  and  pygidial  axis  being  hardly  marked  out,  and  being 
wholly  unsegmented.  In  the  typical  forms  of  this  group  {lUcunus 
proper),  the  axis  of  the  thorax  is  not  disproportionately  wide,  and 
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the  axal  furrows  are  distinct ;  but  in  others  {Bumasius),  the  thoracic 
axis  is  extremely  wide,  and  is  hardly  separated  from  the  pleurse  by 


recognisable  axal  furrows  (fig.  374).  In  the  former  of  these  sections 
there  are  ten  body-rings ;  whereas  in  Octillcenus  and  Panderia  there 


D  C 

Fig.  395. — A,  Aiglina  prisca—Or&o\\<i\3.-a  ;  B,  Head-shield  of  Cheirunis Ordovician  ; 
c,  Head-shield  of  Avipfiion  Fisclicri — Ordovician  ;  d,  Side  view  of  the  head-shield  of  Sph<er- 
exochns  mirus — Ordovician  and  Silurian.    (After  Barrande  and  Salter.) 

are  only  eight  body-rings,  and  in  Dysplayms  there  are  nine.  The 
species  of  Illanus  are  exclusively  confined  to  the  Ordovician  and 
Silurian  periods. 
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ous 


segments 


Family  9.  ^glinid/e.— This  family  contains  only  the  single 
genus  ^glina  (fig.  395>  a)>  of  the  Ordovician  rocks,  and  is  chiefly 
distinguished  from  the  preceding  by  the  much  larger  size  of  the 
eyes,  and  the  smaller  number  of  body-rings.  The  head  and  tail  are 
both  of  large  size,  the  latter  with  a  truncated  axis ;  the  glabella  is 
not  conspicuously  marked  out;  the  facial  sutures  are  discontinu- 
and  the  eyes  are  extremely  large  and  reticulate;  while  the 
of  the  thorax  are  reduced  to  five  or  six  in  number. 
Family  10.  Cheiruridte. — In  this  large  and  important  family 
the  head-shield  is  well  developed,  with  discontinuous  facial  sutures, 
which  terminate  on  its  outer  margin.  The  glabella  is  usually  highly 
convex  or  tumid,  with  well-marked  axal  furrows  and  lateral  grooves. 
There  are  ten  to  twelve,  rarely  fifteen  or  eighteen,  generally  eleven, 
body-rings,  and  the  pygidium  is  small,  of  from  three  to  five  segments, 
the  pleurae  terminating  in  free  ends.  The  family  ranges  from  the 
Upper  Cambrian  to  the  Devonian,  but  is  principally  characteristic  of 
the  Ordovician  and  Silurian  rocks.  In  Cheirurus  itself  (figs.  395,  b, 
and  396)  the  head  is  semicircular,  with 
rounded  or  pointed  genal  angles,  and  with 
a  strongly-arched  glabella,  which  is  deeply 
grooved  by  the  lateral  furrows.  There  are 
generally  eleven  body-rings,  with  ridged  or 
slightly  grooved  pleurse ;  and  the  tail  has 
a  well-marked  axis  of  four  rings,  its  pleurse 
being  prolonged  into  points  or  spines. 
Amphion  (fig.  395,  c)  is  nearly  related  to 
Cheirurus,  but  has  from  fifteen  to  eighteen 
body-rings,  and  exhibits  minor  differences 
as  well.  Placoparia,  ag^iin,  agrees  with 
Cheirurus  in  having  eleven  body-rings,  and 
also  in  the  form  and  lobation  of  the  gla- 
bella, but  it  is  destitute  of  both  eyes  and 
facial  sutures,  as  is  also  the  genus  Areia. 
Sphcerexochus,  lastly  (fig.  395,  d),  while 
agreeing  with  Cheirurus  generally,  is  dis- 
tinguished by  the  extreme  inflation  of  the 
glabella,  and  the  presence  of  no  more  than 
three  segments  in  the  pygidium ;  while  the  basal  lobes  of  the  gla- 
bella are  completely  isolated,  and  there  are  only  ten  body-rings. 
We  may  also  place  here  the  very  singular  and  aberrant  genera 
Staurocephalus  and  Deiphon.  In  the  former  of  these  the  general 
characters  correspond  with  those  of  Cheirurus,  but  the  anterior  or 
"  frontal "  portion  of  the  glabella  is  enormously  swollen,  and  forms 
a  great  globular  projection  in  advance  of  the  line  of  the  cheeks. 
The  species  of  Staurocephalus  are  Ordovician  and  Silurian.    In  the 


Fig.  396. — Chci-ni-nis  i7isignh, 
from  the  Silurian  rocks  of  Bo- 
liemia.    (After  Barrande.) 
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Still  more  curious  Deiphon,  of  the  Silurian  rocks,  the  fixed  cheeks 
are  rudimentary,  and  are  reduced  to  two  curved  spines,  which  spring 
from  the  sides  of  the  swollen  glabella,  and  carry  the  faceted  eyes, 
while  the  free  cheeks  are  obsolete.  The  axis  of  the  tail  is  formed 
of  four  or  five  rings,  and  the  pleuras  are  prolonged  into  two  spines 
on  each  side,  one  of  these  being  formed  by  the  first  segment  only, 
while  the  other,  and  much  larger,  one  is  made  up  of  the  amalgamated 
extremities  of  the  remaining  segments. 

Family  ii.  Encrinurid^. — This  family  is  confined  to  the 
Ordovician  and  Silurian  periods,  and  is  related  to  the  preceding 
through  the  intervention  of  Amphion.    The  head  is  fairly  devel- 


Fig.  397. — A,  Head-shield  oi Encrimirus 
punctaius  —  Silurian  ;  B,  Head-shield  of 
Crojitus  intei-costatus — Silurian  :  c,  Head- 
shield  of  Cybele  bdlatula.  —  Ordovician. 
(After  Barrande.) 


Fig.  398. — A,  Cybele  Lweni,  of  the 
natural  size  ;  b,  Cast  of  the  pygidium 
of  Cybele  verrucosa,  enlarged  twice. 
From  the  Ordovician  rocks  of  Girvan. 
(After  R.  Etheridge,  jun.,  and  the 
Author.) 


oped,  the  genal  angles  rounded  or  pointed,  and  the  facial  sutures 
discontinuous,  and  cutting  the  outer  angles  of  the  cephalic  buckler. 
Eyes  are  present,  though  not  of  large  size,  and  the  glabella  may 
or  may  not  exhibit  distinct  lateral  grooves.  The  surface  is  tuber- 
culated,  and  some  or  all  of  the  body-rings  may  bear  spines.  The 
thorax  generally  consists  of  eleven  segments ;  and  the  tail,  though 
moderate  in  size,  has  a  well-marked  axis,  which  is  composed  of 
very  numerous  rings. 

In  Encriniinis  (fig.  397,  a)  the  glabella  is  pyriform,  strongly 
tuberculated,  with  the  lateral  furrows  almost  obsolete.  The  body- 
rings  are  eleven  in  number,  and  the  axis  of  the  pygidium  is  com- 
posed of  extremely  numerous  rings.    In  this  genus,  as  in  its  near 
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ally  Cybele,  the  pygidium  is  long  and  triangular,  and  has  its  pleurae 
bent  backwards  so  as  ultimately  to  become  parallel  with  the  axis 
(fig.  398,  b).  The  range  of  the  genus  Encrinurus  is  principally 
Silurian,  but  the  genus  likewise  occurs  in  the  higher  portion  of  the 
Ordovician  series.  The  genus  Cybele  {  =  Zethus,  Volborth)  is  dis- 
tinguished from  Encrimcrus  chiefly  by  its  clavate  glabella  (fig.  397,  cj 
and  its  possession  of  twelve  body-rings,  which  are  usually  produced 
into  spines  (fig.  398,  a).  The  facial  sutures  cut  the  margin  of  the 
head-shield  close  to  the  genal  spines,  and  the  tail  resembles  that  of 
Encrinurus  in  form.  The  genus  is  characteristic  of  the  Ordovician 
rocks.    Lastly,  in  the  Silurian  genus  Cromus  (fig.  397,  b)  the  gla- 


Fig.  390. — Acidaspis  Dufrhioyi, 
from  ihe  Silurian  roclcs  of  Bohemia. 
(After  Barrand — Copied  from  Zittel.) 


Fig.  400.— A,  Head-shield  and  tail  of  Lkhas 
palmata;  B,  Head-shield  of  Acidaspis  Hoer- 
nesi.  Silurian  rocks  of  Bohemia.  (After  Bar- 
rande.) 


bella  has  four  well-marked  lateral  grooves ;  the  eyes  are  small  and 
ovoid  ;  and  the  pygidium  looks  like  a  continuation  of  the  thorax, 
its  axis  being  composed  of  from  twelve  to  twenty-eight  rings,  and 
its  pleurae  terminating  in  free  points. 

Family  12.  Dindvmenid^. — In  Dmdymetie,  of  the  Ordovician  for- 
mation, the  only  genus  which  can  be  certainly  referred  to  this  family, 
the  head-shield  is  semicircular,  with  a  tumid  glabella,  destitute  of 
lateral  grooves.  There  are  no  eyes,  nor  facial  sutures ;  and  the 
cheeks  are  tumid,  as  in  Trinudeus.  There  are  ten  body-rings,  and 
the  tail  is  large  and  distinctly  segmented. 
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Family  13.  Acidaspid^. — Like  the  preceding,  this  family  contains 
only  a  single  genus — viz.,  Acidaspis  itself.  In  this  characteristically 
Silurian  type  (fig.  400,  b),  the  usual  form  of  the  head-shield  in  the 
Trilobites  is  somewhat  masked,  the  trilobation  being  rendered  indis- 
tinct by  the  presence  of  an  additional  and  secondary  pair  of  axal 
furrows,  which  mark  off  a  central  inflated  portion  of  the  glabella. 
The  thorax  has  nine  or  ten  rings,  with  ridged  pleurae,  which  are 
terminated  by  spines ;  while  the  tail  is  very  small,  and  has  its 
margin  fringed  with  spines  (fig.  399).  The  facial  sutures  are 
continuous,  or  are  sometimes  wanting ;  and  the  eyes  are  of  small 
size  and  smooth.  The  species  of  Acidaspis  are  found  in  the  Silurian 
and  Devonian  rocks,  and  are  usually  readily  recognised  by  their 
highly  ornamented  and  spinose  crust. 

Family  14.  LiCHADi^:. — The  principal  or  only  genus  in  this  family 
is  Lichas'^  itself  (fig.  400,  a),  in  which  the  body  is  broad  and  oval, 

and  the  crust  is  superficially  more  or  less 
granulated  or  tuberculated.  The  head- 
shield  is  transversely  elongated  and 
very  convex,  and  the  glabella  as  a  rule 
is  not  very  clearly  separated  from  the 
cheeks.  The  frontal  grooves  of  the 
glabella  are  extended  backwards,  so 
as  to  enclose  a  central  lobe.  The 
facial  sutures  cut  the  anterior  margin 
separately,  and  the  eyes  are  small  and 
smooth.  There  are  nine  or  ten  tho- 
racic rings,  with  grooved  pleurse ;  and 
the  pygidium  is  larger  than  the  head, 
and  often  presents  prominent  spinose 
ends  to  its  component  rings.  The 
species  of  Lichas  are  Ordovician,  Si- 
lurian, and  Devonian. 

Family  15.  Bronteid^.  —  This 
family  includes  only  the  genus  Bron- 
teus,  the  species  of  which  are  found  in 
the  Ordovician,  Silurian,  and  Devonian 
rocks.  In  this  well-marked  t)'pe  (fig. 
401)  the  body  is  broad,  and  could  be  rolled  up,  both  the  head- 
shield  and  the  pygidium  being  of  great  size.  The  tail  is  particu- 
larly large,  and  is  always  more  or  less  fan-shaped,  the  axis  being 
short  and  rudimentary,  while  the  "  limb "  is  greatly  developed. 
The  head-shield  is  trilobed,  the  glabella  being  dilated  in  front,  the 

1  The  genus  Lichas  has  been  very  fully  treated  of  by  Magister  Friedrich 
Schmidt  ('Revision  der  Ostbaltischen  Silurischen  Trilobiten,'  Abth.  II.,  1SS5), 
by  whom  it  has  been  split  up  into  a  number  of  sub-generic  groups. 


Fig.  401. — A,  Head-shield  of  Bran- 
tens  caiitfani/cr,  from  the  Silurian 
rocks  of  Bohemia ;  b,  Tail  of  the  same. 
(After  Barrande.) 
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facial  sutures  being  separate,  and  the  eyes  sickle-shaped.  There 
are  ten  thoracic  segments,  and  the  pleurae  are  ridged. 

Family  16.  Phacopid^.— In  this,  one  of  the  best-marked  and 
most  typical  of  the  families  of  the  Trilobites,  the  head  is  well  de- 
veloped, the  glabella  conspicuously  broadest  in  front,  with  three  or 
four  lateral  grooves,  and  the  facial  sutures  united  in  front  of  the  gla- 
bella, and  cutting  the  outer  margins  of  the  cephalic  buckler  behind. 
The  eyes  are  usually  large,  and  are  faceted  (fig.  403)  J  there  are 
eleven  body-rings,  with  grooved  pleurEe ;  and  the  condition  of  the 
pygidium  is  variable.    The  hypostome  is  convex,  and  more  or  less 


Fig.  402.  — A,  PluicnfisStern- 
bcrgi,  from  the  Silurian  rocks 
of  Bohemia ;  B,  Head-shield 
of  Pkacops  ( Trimerocephalus) 
Volborthi,  Silurian,  Bohemia. 
(.\fter  Barrande.  Copied  from 
Zittel.) 


Fig.  403. — Phacops  {^Dal- 
vmnitcs)  loiigicandata.  Silu- 
rian (Wenlock)  of  Britain  and 
North  America. 


triangular  in  shape.  The  genus  Phacops  itself  (with  the  sub-genera 
Trimerocephalus,  Phacops  proper,  Acaste,  Pterygometopus,  Chasjiiops, 
Dalmanites,  and  Cryphaus)  constitutes  the  entire  family,  and  ranges 
from  low  down  in  the  Ordovician  series  to  the  Upper  Devonian 
rocks. 

As  regards  the  sub  -  genera  of  Phacops,  Trimerocephalus  includes 
Silurian  and  Devonian  forms,  in  which  the  glabella  is  tumid  in  front 
(fig.  402,  b)  ;  the  glabella-furrows  are  faint  or  wanting  ;  and  the  pygidium 
is  of  small  size.  In  Phacops  proper  (fig.  402,  A)  the  genal  angles  of  the 
head-shield  are  rounded  ;  the  two  anterior  pairs  of  glabella-furrows  are 
inconspicuous,  and  the  glabella  is  very  wide  in  front ;  the  pleurte  are 
rounded  ;  and  the  pygidium  is  of  few  segments,  with  an  entire  margin. 
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The  species  included  under  this  head  are  Silurian  and  Devonian.  Dal- 
viaitites  (or  Dahiiania)  includes  forms  with  the  pleurae  pointed  and  bent 
backwards,  the  pygidium  being  conspicuously  segmented,  and  often  end- 
mg  in  a  spine  (fig.  403).  There  are  three  glabella-furrows  on  each  side, 
and  the  genal  angles  of  the  head-shield  are  long  and  produced.  The 
species  of  this  group  are  principally  Silurian,  but  some  of  the  forms  are 
Ordovician  and  others  are  Devonian.  Chasjiiops  includes  Ordovician 
species  in  which  the  genal  angles  are  produced  ;  the  anterior  glabella- 
lobes  are  laterally  extended  ;  the  pleurse  have  truncated  ends  ;  and  the 
pygidium  is  of  large  size.  Pterygometoptis  also  includes  Ordovician 
species,  in  which  the  frontal  lobes  of  the  glabella  are  laterally  extended, 
and  are  intersected  by  the  facial  sutures.  In  Acaste  are  comprised 
Ordovician  and  Silurian  species  in  which  the  glabella  is  not  tumid,  and 
exhibits  all  its  furrows  in  a  well-developed  form,  while  the  pygidium  is 
often  pointed.  Lastly,  Cryphceus  includes  Devonian  types,  and  is  princi- 
pally distinguished  by  the  fact  that  the  margin  of  the  pygidium  is  toothed 
or  serrated. 


Family  17. 
tinctly  trilobed, 


Proetid.*:. — In  this  family  the  body  is  oval,  dis- 
and  capable  of  being  rolled  up.  The  head  is  of 
variable  size,  semicircular,  sometimes  with 
rounded,  sometimes  with  spinose  genal 
angles.  The  glabella  is  distinctly  marked 
off  from  the  cheeks,  and  the  hindmost  pair 
of  glabella-furrows  commonly  circumscribe 
a  basal  lobe.  The  facial  sutures  cut  the 
anterior  margin  of  the  head-shield  separ- 
ately. There  are  from  eight  to  twenty- 
two  body-rings,  with  grooved  pleurae,  and 
the  pygidium  is  distinctly  segmented,  and 
usually  has  an  entire  margin.  The  eyes 
have  distinct  facets,  but  are  covered  by  a 
smooth  cornea. 

In  Proetus  itself  (fig.  404,  c)  the  head- 
shield  is  semicircular ;  the  glabella  has 
three  pairs  of  lateral  furrows ;  the  eyes 
are  large,  semicircular,  of  numerous  facets, 
covered  by  a  thin  cornea ;  there  are  eight 
or  ten  body-rings,  and  the  tail  has  an 
"  entire  "  border.  The  genus  ranges  from 
the  Ordovician  to  the  Carboniferous. 
Cyphaspis  (fig.  404,  b),  of  the  Ordovi- 
cian, Silurian,  and  Devonian  rocks,  differs 
from  the  preceding  chiefly  in  its  more 
convex  glabella,  with  circumscribed  basal  lobes,  its'  ovoid  and 
remote  eyes,  and  the  generally  greater  number  (fifteen  to  seventeen) 
of  the  body-rings.  Arethiisina  (fig.  404,  a),  with  a  similar  range 
in  time,  has  its  glabella  much  shortened,  while  the  body-rings  are  as 


Fig.  404. — A,  Head -shield  of 
Aretlinsina  Konincki;  B,  Head- 
shield  ot  Cyphaspis  Burmeisteri ; 
c,  Head-shield  of  Proetus  Bohciiii- 
cus.  From  the  Silurian  rocks  of 
Bohemia.    (After  Barrande.) 
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many  as  twenty-two  in  number.  Carnmi  is  an  Ordovician  genus 
allied  to  Proetus,  but  it  has  neither  eyes  nor  facial  sutures,  and  it 
possesses  eleven  body-rings.  The  genus  Harpides  (apparently  = 
Erimiys  of  Salter)  is  an  interesting  type,  which  appears  to  be  m- 
termediate  between  the  Proetidce  and  Olenida:,  and  which  carries 
back  the  range  of  the  former  into  the  Upper  Cambrian.  It  has 
the  "  limb  "  of  the  head-shield  very  wide,  and  covered  with  a  net- 
work of  radiating  and  bifurcated  nervures.  On  the  other  hand, 
the  Froeiidce  are  represented  in  the  Carboniferous  rocks,  not  only 
by  Proetiis  itself,  but  also  by  the  genera  Fhillipsia,  Griffithides, 
and  Brachymetoptis,  one  species  of  the  first  of  these  genera  having 
been  detected  in  deposits  of  Permian  age.  These  types  are  there- 
fore the  most  modern  examples  of  the  order  Trilobita  at  present 


Fig.  405.— A,  Griffithides  globiceps,  from  the  Carboniferous  Limestone ;  b,  Phillifsia  Derhi- 
ejisis,  from  the  Carboniferous  Limestone  ;  c,  Glabella  and  free  cheek  of  the  same  ;  D,  Hypostome 
of  the  same  ;  E,  Body-ring  of  the  same.   All  the  figures  are  enlarged.   (After  Henry  Woodward.) 

known  to  us.  In  the  genus  Phillipsia  (fig.  405,  b-e)  the  body  is 
oval  in  form,  and  can  be  rolled  up.  The  glabella  (fig.  405,  c)  has 
nearly  parallel  sides,  with  two  or  three  lateral  furrows,  the  hind- 
most of  which  circumscribe  a  nearly  circular  basal  lobe  on  each 
side.  There  are  only  nine  body-rings.  The  tail  is  semi-oval,  dis- 
tinctly segmented,  and  with  an  "  entire  "  margin ;  and  the  eyes  are 
large,  reticulated,  and  reniform.  Griffithides  (fig.  405,  a)  resembles 
Phillipsia  in  having  nine  body-rings,  but  the  glabella  is  pyriform, 
without  lateral  furrows,  and  with  the  basal  lobes  inflated,  while 
the  eyes  are  small,  lunate,  and  smooth.  Brachymetopus,  finally, 
much  resembles  the  preceding  in  form,  but  the  glabella  is  small, 
with  lateral  furrows  but  with  no  basal  lobes.  The  eyes  are  small 
and  smooth,  and  no  facial  sutures  are  visible.  The  head-shield  is 
covered  with  a  "small  bead-like  ornamentation"  (Henry  Wood- 
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ward).  The  thorax  is  unknown,  but  the  pygidium  is  large,  and 
the  segments  of  the  axis  are  beaded. 

Family  i8.  Trinucleid^. — In  this  singular  family  (fig.  406)  the 
head-shield  is  enormously  developed,  with  a  wide  margin  or  "  limb," 
which  is  usually  perforated  by  rounded  pores.  The  glabella  is  well 
marked,  but  eyes  are  usually  wanting,  and  the  facial  sutures  may  be 
absent.  The  body-rings  are  reduced  to  five  or  six  in  number,  with 
grooved  pleurse ;  and  the  tail  is  wide  and  sub-triangular.  The 
family  contains  three  principal  genera,  viz.,  Trinucleus,  Dionide,  and 
Anipyx,  all  of  which  are  Ordovician  or  Silurian  in  their  range ;  and 
its  zoological  affinities  seem  to  be  with  the  Harpedidce.  In  the 
well-known  and  widely-distributed  genus  Trinucleus  (figs.  406,  407) 
the  body  is  distinctly  trilobed  ;  the  "  limb  "  of  the  head-shield  is 


Fig.  406.- 


-Trinucleus  Pongcrardi—OxAovicwa.    The  right-hand  figure  represents 
a  vertical  section  of  a  rolled-up  specimen. 


composed  of  two  lamelte,  and  is  perforated  by  numerous  larger  or 
smaller  foramina ;  and  the  "  genal  angles  "  are  prolonged  into  con- 
spicuous spines  which  are  usually  single,  but  are  forked  in  T.  Ponger- 
ardi.  The  glabella  is  prominent  and  pyriform,  with  mere  traces  of 
lateral  grooves,  the  facial  sutures  being  rudimentary,  and  the  cheeks 
being  tumid,  and  generally  furnished  on  each  side  with  a  small 
tubercle  seemingly  representing  the  eyes.  There  are  six  body-rings  ; 
and  the  tail  is  triangular,  with  a  distinct  axis,  and  having  its  margin 
entire  and  striated.  The  genus  Trinucleus  is  wholly  confined  to  the 
Ordovician  rocks,  and  is  specially  characteristic  of  the  Bala  beds. 
The  genus  Dio7iide  has  a  sub-quadrangular  glabella ;  and  the  "  limb  " 
of  the  head-shield,  though  perforated,  is  rudimentary,  and  by  absence 
of  the  facial  sutures  becomes  continuous  with  the  cheeks.  The  eyes 
are  wanting,  and  there  are  six  body-rings.  In  the  curious  Ordovi- 
cian and  Silurian  genus  Ampyx  (fig.  408)  the  head  is  sub-triangular, 
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with  spinose  gend  angles,  and  without  a  perforated  "hmb.  The 
alabella  is  prolonged  forwards  in  front  of  the  head-shield  as  a  trian- 
gular process,  which  is  often  extended  into  a  long  spine,  while  its 
fateral  grooves  are  obsolete,  and  eyes  are  wholly  wanting  The 
facial  sutures  are  present  and  are  discontinuous.  There  are  five  or 
six  body-rings,  and  the  tail  is  sub-triangular.    The  species  of  Ampyx 


are  mostly  Ordovician,  but  a  few  Silurian  forms  are  known.  Endy- 
miofiia  (Ordovician)  is  allied  to  both  Trinucleus  and  Ampyx,  but 
wants  the  perforated  border  of  the  former,  and  the  prolonged  glabella 
and  genal  spines  of  the  latter. 

Family  i  9. — AoNOSXiDiE. — This,  the  last,  family  of  the  Trilobites 
includes  a  number  of  small  forms  of  this  order,  which 
range  from  the  Upper  Cambrian  to  near  the  summit  of 
the  Ordovician.    The  cephalic  and  caudal  shields  in 
this  group  are  nearly  equal,  and  are  very  similar  to  one 
another  in  form  and  markings.    The  thoracic  segments 
are  reduced  to  two  only  in  number,  with  grooved 
pleurse ;  and  both  eyes  and  facial  sutures  are  totally 
wanting.    The  type-genus  of  the  family  is  Agnosias  it- 
self (fig.  409),  which  is  represented  by  numerous  forms 
in  the  Upper  Cambrian  and  Ordovician  rocks.  Micro- 
discus  of  the  Upper  Cambrian  (sometimes  placed  in  . 
the  Trinucleidce  or  in  the  Olenidci)  agrees  with  Agnostus  saiier.)^'^'^" 
in  its  want  of  facial  sutures  and  eyes,  but  it  has  four 
body-rings,  and  the  axis  of  the  tail  is  segmented.     Lastly,  the 
Shnmardia  of  the  Ordovician  (Quebec  Group)  is  like  Agnostus, 
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Fig.  409.— 
Ignostus  firin- 
Upper 
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but  has  both  the  axis  and  lateral  lobes  of  the  pygidium  distinctly 
segmented. 

Division  C.  Merostomata. 

The  members  of  this  group  are  Crustaceans,  often  of  gigantic 
size,  in  which  the  mouth  is  furnished  with  mandibles  and  maxillse, 
the  terminations  of  which  become  walking  or  swimming  feet, 
and  organs  of  prehension.  Two  orders  are  included  under  the 
Merostomata — viz.,  the  recent  King-crabs  {Xiphosurd)  and  the  ex- 
tinct Eurypterids.  By  Professor  Claus  these  orders  are  regarded 
as  forming  a  special  division  of  Arthropods,  with  relationships  to 
the  Arachnida,  to  which  he  applies  the  name  of  Gigantostraca. 
Professor  Ray  Lankester  has  also  shown  that  there  are  various 
remarkable  features  of  relationship  between  Limulus  and  the  Scor- 
pions ;  and  the  same  point  has  been  brought  out  by  Van  Beneden 
from  his  researches  into  the  development  of  the  King-crabs.  More- 
over, the  investigations  of  Mr  Benjamin  Peach'  would  show  that 
there  are  close  and  important  relationships  between  the  Scorpions 
and  the  Palseozoic  group  of  the  Eurypterids. 

Order  I.  Xiphosura  (Pcecilopoda).  —  This  order  includes 
Crustacea  i?i  which  the  anterior  segments  are  ainalgainated  to  form  a 
large  cephalic  buckle?',  upon  the  dorsal  surface  of  which  are  placed  the 
eyes  (when  present).  On  the  under  side  of  the  head-shield  is  placed 
the  7nouth,  which  is  furiiished  with  a  rudimentary  metastoma, 
and  is  surrounded  by  six  pairs  of  appendages,  the  bases  of  all  but 
the  first  pair  being  modified  to  act  as  masticatitig  organs.  The  seg- 
ments behind  the  head-shield  may  be  fused  with  one  another,  or  may 
be  more  or  less  completely  free  ;  attd  they  carry  upon  their  under  sur- 
face a  series  of  lamellar  appendages  which  are  branchial  in  function. 
The  last  segment  of  the  body  forms  a  sword-like  movable  telson. 

The  only  existing  genus  contained  in  the  order  Xiphosura  is 
Limulus,  comprising  the  King-crabs  or  Horse-shoe  Crabs.  In  this 
genus  (fig.  410)  the  anterior  segments — usually  regarded  as  repre- 
senting the  head  and  thorax — are  fused  to  form  a  horse-shoe-shaped 
cephalothoracic  shield.  The  upper  surface  of  this  carries  subcen- 
trally  a  pair  of  large  compound  eyes,  and  also  a  pair  of  small  larval 
eyes  placed  in  the  middle  line  in  front.  On  the  under  side  of  the 
head-shield  is  the  mouth,  surrounded  by  six  pairs  of  jointed  limbs, 
the  last  five  pairs  having  their  basal  joints  spinose,  and  thus 
adapted  to  act  as  jaws.  The  first  pair  of  appendages  —  often 
regarded  as  representing  the  antennse — are  placed  in  front  of 
the  mouth  and  terminate  in  nipping-claws.  The  next  four  pairs  of 
appendages  are  also  generally  chelate,  while  each  of  the  last  pair 
of  legs  is  terminated  by  two  flat  spines,  with  a  whorl  of  similar 
spines  proximally,  being  thus  adapted  for  locomotion.  Behind 
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the  cephalic  buckler  comes  a  second,  somewhat  rhomboidal  shield, 
the  segments  of  which  are  immovably  welded  together,  and  which 
is  usually  regarded  as  representing  the  abdomen,  though  some 
authorities  consider  it  as  the  thorax.  The  lateral  margins  of 
this  abdominal  shield  carry  movable  spines,  and  on  its  under  sur- 
face in  front  are  placed  the  generative  openings,  protected  by  a 
broad,  divided  "  operculum,"  which  is  formed  by  the  first  pair  of 
abdominal  limbs.  The  oper- 
culum not  only  covers  the 
reproductive  apertures,  but 
more  or  less  extensively  con- 
ceals the  remaining  five  pairs 
of  abdominal  limbs.  These 
latter  are  much  modified,  and 
support  a  number  of  delicate 
lamellse  arranged  like  the 
leaves  of  a  book,  which  act 
as  branchiae.  Lastly,  the  ab- 
dominal shield  has  movably 
articulated  to  its  hinder  mar- 
gin a  long  ensiform  "  telson  " 
(fig.  410). 

The  integument  of  Limu- 
lus  is  thoroughly  hardened  by 
the  deposition  of  chitine,  and 
forms  a  resisting  shell.  Thin 
sections  show  that  this  is 
largely  composed  of  a  pecu- 
liar finely  tubulated  tissue, 
which  has  very  much  the  ap- 
pearance of  dentine  under  the 
microscope  (fig.  411,  a).  In 
the  inner  layer  of  the  shell, 
the  minute  tubuli  just  men- 
tioned are  accompanied  by  a 
limited  number  of  vertical 
canals  of  larger  size  (fig.  411, 
A,  f),  the  structure  thus  com- 
ing closely  to  resemble  that  shown  in  vertical  sections  of  the  shell 
of  the  Trilobites. 

The  embryo  of  Limuliis  (fig.  382)  is  destitute  of  the  tail-spine  of 
the  adult,  this  structure  only  existing  in  a  rudimentary  form  ;  and 
m  this  stage  of  its  existence,  as  previously  noticed,  it  bears  a  strong 
resemblance  to  certain  of  the  Trilobites. 

It  is  not  necessary  here  to  enter  into  the  vexed  question  as  to 


Fig.  410. — Limulus  mohtccanus,  viewed  from  the 
dorsal  aspect,  and  reduced  in  size.  (Recent.) 
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whether  Limulus  should  properly  be  placed  among  the  Crustacea  or 
the  Arachnida.  It  is  sufificient  to  note  that  the  Xiphostira  are  clearly 
related  to  the  Eurypterids  on  the  one  hand  and  the  Trilobites  on 
the  other  hand ;  and  that  when  the  natural  systematic  arrangement 
of  the  Arthropoda  shall  have  been  finally  settled,  these  three  orders 
will  necessarily  be  placed  close  together.  The  Xiphosura  and  the 
Eurypterida,  in  particular,  are  closely  connected  together  by  means 
of  He77iiaspis  and  its  allies.  So  much  so  is  this  the  case,  that  while 
Dr  Henry  Woodward  places  Heniiaspis  and  the  genera  related  to  it 
among  the  Eurypterids,  these  forms  are  placed  by  Zittel  among  the 
Xiphosurans,  an  arrangement  which  will  be  followed  here. 

The  existing  species  of  Limulus  are  aquatic  in  habit  and  are 
inhabitants  of  the  sea.    The  oldest  fossil  types  of  the  Xiphosura 


Fig.  411. — A,  Part  of  a  transverse  section  of  the  tail-spine  of  Liviulus:  a.  Outer  cuticulaj 
layer;  b,  Intermediate  finely  tubulated  layer;  c,  Internal  layer  of  finely  tubulated  tissue  with 
interspersed  larger  tubes.  B,  Part  of  a  tangential  section  of  the  inner  layer  of  the  cephaUc 
buckler  ;  d,  Portion  of  the  section  showing  the  minute  dots  representing  the  transversely  divided 
tubuli,  together  with  the  cut  ends  of  the  larger  tubes,  which  are  alone  shown  at  e.  (Original.) 

{Hemiaspis,  Neolimuhis,  &c.),  appear  in  the  Silurian  rocks.  Other 
ancient  types  of  the  order  {Belinurus  and  Prestwichia)  appear  in  the 
Carboniferous  formation.  The  oldest  types  of  Limulus  itself  are 
found  in  the  Triassic  rocks. 

The  Xiphosura  are  divided  by  Zittel  into  the  two  families  of  the 
Llemiaspidce  and  the  Limulidce,  the  former  including  all  the  Palaeo- 
zoic types  of  the  order,  while  the  genus  Limulus  alone  is  comprised 
in  the  latter.  In  the  Llemiaspidce,  the  cephalic  shield  is  separated 
from  the  thorax,  and  sometimes  possesses  a  "facial  suture."  Ihe 
thorax  ^  is  composed  of  five  or  six  segments  which  are  usually  free 

1  By  Packard  the  head-shield  of  the  Hemiaspidm  is  regarded  as  representing 
the  entire  cephalothorax  ;  and  the  free  segments  which  immediately  follow  this 
are  considered  as  belonging  to  the  abdomen  and  not  to  the  thorax. 
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({\a  412) :  and  the  abdomen  consists  of  three  or  more  rings,  and 
is  terminated  by  a  spine-like  telson.  The  appendages  are  as  yet 
unknown. 

The  genus  Hemzaspis  (fig.  412,  a)  comprises  f  "^f^f//^^^^^ 

Crustaceans,  in  which  there  is  a  semicircular  head-shidd  w  th  a  central 
glabella,  and  indications  of  facial  sutures  and  eyes.  The  thoiax  is  tri- 
fobed,  and  consists  of  six  free  segments.  There  are  three  free  segments 
in  the  abdomen,  and  these  are  followed  by  a  long  spiniform  telson. 
The  senus  Pseudomscns,  also  from  the  Silurian  rocks,  resembles  ^y^wz- 
as/>is  in  many  points,  and  particularly  in  the  possession  of  free  thoracic 
segments,  but  there  is  no  distinct  hne  of  demarcation  between  the  thorax 
and  the  abdomen  (fig.  412,  b).    Another  Silurian  genus,  also  closely  re- 


Fig.  412.— A,  Hemiaspis  limuloides  (after  H.  Woodward);  b,  Psetidoniscus  aculeatus  (after 
Nieszkowski) ;  c,  Bunodes  {Exapinurus)  Schrenkii  (after  Nieszkowski).    All  from  the  Silurian. 


lated  to  the  preceding,  is  Biinodes  {ExapiJiuriis),  in  which  the  thorax 
likewise  consists  of  free  rings,  but  the  last  two  are  fused  with  one  another. 
There  are  three  movable  abdominal  rings  and  a  spine-like  telson  (fig. 
412,  c),  and  the  animal  possessed,  like  so  many  of  the  Trilobites,  the 
power  of  rolling  itself  into  a  ball. 

In  the  remarkable  genus  described  by  Dr  Henry  Woodward  from  the 
Silurian  rocks  of  Britain  under  the  name  of  NeoUmulus  (fig.  413),  the 
head-shield  has  a  general  resemblance  to  that  of  the  recent  Lii/iu/iis,  and 
there  are  traces  of  a  divisional  line  crossing  the  head  and  apparently  cor- 
responding with  the  "  facial  suture  "  of  the  Trilobites.  Compound  eyes 
and  ocelli  seem  to  be  present,  and  there  are  six  free  thoracic  segments, 
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followed,  probably,  by  three  free  abdominal  rings,  of  which  only  two  have 
been  preserved.  A  long  spiniform  telson  may  be  conjecturally  added  to 
complete  this  ancient  Limuloid  Crustacean.  In  the  Devonian  rocks  the 
oiily  genus  of  Xiphosurans  which  has  hitherto  been  recognised  with'cer- 
tamty  is  the  Protolimubis  of  Packard,  which  appears  to  be  nearly  related 
to  Neolimulus.  In  the  Carboniferous  rocks,  on  the  other  hand,  the 
Limuloids  are  represented  by  a  number  of  forms,  the  most  important 
genus  being  Prestwichia  (fig.  414),  which  has  the  general  form  of  Neo- 
hmiiius,  but  in  which  the  thoracic  and  abdominal  segments  are  not 
marked  off  from  one  another,  and  are  all  anchylosed.  The  genus  Eup- 
rodps,  from  the  Coal-measures  of  North  America,  is  hardly  separable 
from  the  preceding,  but  the  eyes  are  situated  on  the  anterior  edge  of  the 


Fig.  Neolimulus  /alcatus,  enlarged  Fig.  ^n-— Prestwichia  rotundata. 

about  three  times.    Silurian.    (After  Henry  Coal-measures. 
Woodward.) 


cephalic  buckler.  Another  well-known  Carboniferous  genus  is  Beliiuirtes, 
which  agrees  with  the  preceding  in  having  five  thoracic  and  three  abdo- 
minal segments,  together  with  a  long  tail-spine,  but  in  which  the  thoracic 
rings  are  free  and  movable,  while  those  of  the  abdomen  are  anchylosed 
with  one  another.  It  would  also  seem  probable  that  the  singular  Crus- 
tacean fossils  which  have  been  described  from  the  Coal-measures  under 
the  name  of  Cycliis,  are  really,  as  maintained  by  Dr  Henry  Woodward, 
the  young  forms  of  such  Carboniferous  Xiphosurans  as  Belintirus  and 
Prestwichia.  The  very  similar  Triassic  fossils,  for  which  the  generic 
name  of  Halyci7ie  has  been  proposed,  are  probably  also  the  larval  forms 
of  Limuloid  Crustaceans. 

The  family  of  the  Limulida  is  distinguished  from  that  of  the 
Hemiaspida  by  the  fact  that  the  cephalic  and  thoracic  segments  are 
amalgamated  to  form  a  cephalothoracic  shield,  the  upper  surface  of 
which  bears  two  compound  eyes  and  a  pair  of  simple  eyes.  The 
abdominal  segments  are  amalgamated  with  one  another  to  form  a 
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second  post-cephalic  shield,  which  is  terminated  by  the  movable 
spine-like  telson.  The  only  genus  of  this  family  is  Livmhis  itself, 
the  characters  of  which  have  been  already  treated  of  in  some  detail. 
The  earliest  undoubted  fossil  species  of  Limulns  appear  in  the  Trias 
of  Europe,  and  other  representatives  of  the  genus  are  found  in  the 
Jurassic  rocks  (the  Lithographic  Slates  of  Germany),  and  in  the 


Fig.  i,\i.—Eiiryfierus  Fisclteri,  from  the  Silurian  rock.s  of  Oesel,  viewed  from  above  and  re- 
stored, the  size  being  about  one-fifth  of  nature.  I'he  segments  behind  the  carapace  are  numbered, 
the  first  six  being  sometimes  considered  as  thoracic.  (After  Friedrich  Schmidt.  Copied  from 
Zittel.) 


Cretaceous  and  Tertiary  deposits.  Of  the  existing  species  of  the 
genus,  one  is  found  on  the  east  coast  of  North  America,  and  others 
occur  on  the  eastern  shores  of  Asia  and  in  the  Malayan  Archipelago. 

Order  II.  Eurypterida. — The  Eurypterids  are  large  Crusta- 
ceans (fig.  415),  in  ivhich  the  body  is  elo7igated  and  compressed,  and 
the  chitinous  integutnetit  is  ortiamented  with  a  characteristic  scale-like 


552 


CRUSTACEA. 


sculpturing.  The  anterior  part  of  the  body  is  covered  with  a  cara- 
pace, which  carries  a  pair  of  large,  marginal,  or  subcejttral  eyes,  and 
a  pair  of  small  ocelli  placed  tiear  the  cetitre.  Oft  the  under  side  of 
the  carapace  is  the  openijig  of  the  mouth,  furjiished  behind  with  a  large 
undivided  metastoma  and  with  a  series  of  joiyited  appendages  {five  or 
six  pairs  in  number),  of  which  the  first  are  pra20?-al,  and  rep7-esent 
antenna,  while  the  remainder  are  modified  for  mastication  or  locomo- 
tion, the  last  pair  forining  usually  great  swiimniiig-feet.  Behind  the 
carapace  the  body  consists  of  numerous  free  thoracico-abdominal  seg- 
jnents,  certain  of  the  anterior  of  which  are  furnished  below  with 
divided  lamellce,  which  concealed  the  branchice.  The  hinder  segments 
carry  no  appendages,  and  the  abdome7i  tertninates  in  a  spine-like  or 
paddle-shaped  telson. 

The  integument  of  the  Eurypterids  is  hardened  by  chitine,  and 
when  transparent  fragments  are  examined  under  the  microscope, 
these  exhibit  a  reticulated  structure,  numerous  clear  rounded 
corpuscles,  of  various  sizes,  appearing  to  be  disseminated  in  a 
horny  matrix  ;  the  crust  thus  assuming  a  punctated  or  porous  aspect. 
The  characteristic  "  scale-marking  "  is  the  result  of  the  development 
at  intervals  of  curved  linear  thickenings  of  the  exoskeleton. 

The  anterior  part  of  the  body  in  the  Eurypterids  is  covered  by  a 
comparatively  short,  semicircular,  or  subquadrate  carapace,  which  is 
considered  by  Woodward,  Schmidt,  and  Zittel  as  representing  the 
head  only,  but  which  is  regarded  by  Claus  and  Hall  as  a  cephalo- 
thorax.  The  upper  surface  of  the  carapace  carries  a  pair  of  large, 
prominent,  faceted,  compound  eyes,  which  may  be  subcentral,  or 
may  be  placed  on  the  margin  of  the  head-shield.  There  is  also  a 
pair  of  small  ocelli,  usually  placed  close  together,  subcentrally. 

On  the  under  side  of  the  carapace  is  the  opening  of  the  mouth, 
surrounded  by  a  series  of  jointed  appendages.  The  first  pair  of 
appendages  (fig.  416,  an)  are  pr^oral  in  position,  and  represent  the 
antennae.  They  terminate  in  pincers  in  Pterygotus  (fig.  416,  a?i), 
but  are  stated  by  Fr.  Schmidt  to  have  the  form  of  very  slender 
jointed  organs  in  Eurypterus.  The  remaining  appendages  are 
similar  to  those  of  Limulus  in  having  their  bases  spinous,  and  in 
officiating  as  jaws.  Woodward  recognises  four  pairs  of  these ;  but 
according  to  Fr.  Schmidt  there  are  five  pairs,  the  total  number  of 
appendages  on  the  under  side  of  the  head-shield  being  thus  six 
pairs.  The  anterior  appendages  behind  the  antennjE  may  represent 
mandibles  and  maxilte,  and  they  have  the  form  of  slender  jointed 
organs,  with  dilated  and  serrated  basal  joints  (fig.  416,  ^«).  The 
last  pair  of  appendages,  regarded  by  Woodward  as  maxillipedes 
(fig.  416,  mx),  are  of  great  size,  and  while  their  bases  are  dentated 
to  fit  them  for  mastication,  they  are  usually  dilated  distally  so  as  to 
form  powerful  swimming-paddles.     The  mouth  is  a  longitudinal 
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fissure  on  the  under  side  of  the  head,  surrounded  by  the  toothed 
bases  of  the  limbs,  and  provided  behind  with  a  large  undivided 
metastoma  (fig.  416,  while  in  some  cases  a  hypostome  or  upper 
lip  appears  to  be  present  as  well. 

Behind  the  carapace  the  body  consists  of  thirteen  free  segments, 
counting  the  telson  as  one.  By  Claus  and  Hall  the  whole  of  these 
se-ments  are  regarded  as  belonging  to  the  abdomen.    By  other 
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Fig.  416.— Underside  of  the  head  and  the  following  segments  of  Pterygoius  Anglicus,  restored. 
0,  The  large  compound  marginal  eyes  ;  an,  The  first  pair  of  appendages,  chelate,  and  repre- 
senting antennae;  git,  Three  pairs  of  slender  "  gnathopods,"  with  spinose  bases,  placed  on  the 
sides  of  the  mouth-opening  (according  to  Fr.  .Schmidt,  there  are  four  pairs  of  these  organs)  ; 
mx,  the  last  pair  of  appendages  ("  maxillipedes "),  developed  into  great  swimming-feet,  but 
acting  by  their  bases  as  jaws  ;  m,  Metastoma,  drawn  as  if  it  were  transparent,  so  as  to  show  the 
toothed  bases  of  the  last  pair  of  appendages  below  it ;  op,  Operculum.  The  "  scale-marking  "  is 
only  represented  on  the  segments  behind  the  operculum.    (After  Henry  Woodward.) 

authorities,  however — as,  for  example,  by  Fr.  Schmidt — the  anterior 
six  of  these  segments  are  regarded  as  belonging  to  the  thorax,  while 
the  posterior  seven  are  looked  upon  as  forming  the  abdomen.  Im- 
mediately behind  the  carapace,  on  the  inferior  aspect  of  the  body, 
is  a  broad  lamellar  plate,  which  is  divided  into  two  lateral  halves  by 
a  narrow  median  process  (fig.  416,  op),  and  which  is  known  as  the 
"  operculum."  This  plate,  like  the  structure  which  bears  the  same 
name  in  the  King-crabs,  doubtless  protected  the  openings  of  the 
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reproductive  organs,  and  also  served  to  conceal  the  leaf-like  gills, 
fragments  of  which  are  sometimes  found  in  the  fossil  state.  Accord- 
mg  to  Fr.  Schmidt,  the  segments  immediately  following  the  "  oper- 
culum "  have  their  ventral  side  formed,  each,  by  a  pair  of  lamellar 
plates,  which  meet  in  the  middle  line,  and  which  are  regarded  by 
this  observer  as  modified  thoracic  appendages  carrying  branchise. 
According  to  the  investigations  of  Mr  Benjamin  Peach,  some 
Eurypterids  were  further  provided  with  well-developed  pectinated 
organs,  apparently  similar  in  form  and  structure  to  the  so-called 
"  combs "  {pectines)  of  the  existing  Scorpions.  Lastly,  the  seven 
hindmost  segments  of  the  body  are  undoubtedly  devoid  of  appen- 
dages of  any  kind,  and  the  last  of  these  is  the  "  telson."  The  form 
of  this  varies,  being  lanceolate  or  bilobate  in  Pterygotus  and  Slimonia, 
but  narrow  and  sword-shaped  in  Eurypterus  and  Stylojiuriis. 

There  are  at  present  no  materials  available  for  working  out  the 
development  of  the  Eurypterids,  but  there  is  every  reason  to  sup- 
pose that  the  berry-like  bodies  which  are  found  in  the  Old  Red 
Sandstone  of  Scotland,  and  which  have  been  described  under  the 
name  of  Parka  decipiens,  are  really  the  eggs  of  Crustaceans  belong- 
ing to  this  order. 

There  can  be  no  question  as  to  the  importance  of  the  relation- 
ships between  the  Eurypterids  and  the  Scorpions ;  and  many  high 
authorities  consider  that  the  order  Eurypterida  should  be  removed 
from  the  Crustacea  and  placed  in  the  series  of  the  Arachnida. 
There  is,  however,  no  reason  for  doubting  that  the  Eurypterids  were 
water-breathing  animals,  provided  with  branchiae ;  and  as  the  nature 
of  the  respiratory  organs  constitutes,  perhaps,  the  most  weighty  of 
the  distinctions  between  the  closely  related  classes  of  the  Crustacea 
and  the  Arachnida,  it  would  seem  proper  to  regard  the  Eurypterida 
as  an  ancient  type  of  the  Crustacea,  in  which  are  preserved  certain 
of  the  characters  which  must  have  been  possessed  by  the  ancestral 
Arthropods  from  which  these  two  classes  originally  diverged. 

The  nature  of  the  deposits  in  which  the  remains  of  Eurypterids 
are  found,  and  of  the  fossils  associated  with  them,  would  prove  that 
these  animals  were  essentially  marine,  their  habits,  probably,  being 
very  similar  to  those  of  the  existing  King-crabs.  It  is,  however, 
possible  that  certain  of  the  Eurypterids  were  inhabitants  of  brackish, 
or  even  of  purely  fresh,  waters.  As  regards  their  geological  range, 
the  Eurypterids  seem  to  have  appeared  for  the  first  time  in  the 
Ordovician  rocks,  but  comparatively  little  is  known  of  the  early 
representatives  of  the  order.  On  the  other  hand,  Eurypterids  abound 
in  the  Silurian  rocks,  and  it  is  in  this  system  of  deposits  that  the 
order  seems  to  have  attained  its  maximum  development.  Numer- 
ous Devonian  Eurypterids  are  also  known,  and  the  genus  Eujypterus 
is  represented  in  the  Carboniferous  rocks,  while  a  doubtful  repre- 
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sentative  of  the  order  {Cavipylocephalus)  has  been  recorded  from  the 
Permian  rocks  of  Russia.  With  the  close  of  the  Palaeozoic  period, 
however,  the  order  appears  to  have  undergone  complete  extinction. 

The  four  most  important  genera  of  the  Eurypterids  are  Eurypterus, 
Pterygotus,  Slimonia,  and  Stylo7iiirus.  In  Eurypteriis  (fig.  415)  there 
are  five  pairs  of  legs  attached  to  the  under  surface  of  the  head-shield,  all 
of  which  have  their  bases  modified  to  act  as  masticatory  organs,  and  the 
last  pair  of  which  are  developed  into  powerful  swimming-paddles.  There 
is  also,  according  to  Fr.  Schmidt,  an  additional,  prasoral  pair  of  appen- 
dages, in  the  forai  of  delicate  jointed  filaments,  which  represent  the 
antennas  but  are  not  chelate.  Most  of  the  species  of  Euryptcrus  are 
found  in  the  highest  deposits  of  the  Silurian  rocks  ;  but  there  are  a  few 
Devonian  species,  and  the  Carboniferous  rocks  have  likewise  yielded 
representatives  of  the  genus  {e.g.,  the  E.  Scoiileri  of  the  Scotch  Car- 
boniferous rocks). 

The  genus  Pterygotus  (fig.  416)  is  principally  Silurian  and  Devonian, 
the  largest  species  {Pterygotus  Anglicus) — sometimes  attaining  a  length 
of  nearly  six  feet — being  found  in  the  Old  Red  Sandstone  of  Scotland  ; 
but  Barrande  has  described  forms  of  the  genus  from  the  Ordovician 
rocks  of  Bohemia.  Pterygotus  differs  from  Eurypteriis,  among  other 
characters,  in  the  marginal  position  of  the  larg'e  compound  eyes,  and 
in  the  fact  that  the  preeoral  appendages  (antennas)  are  very  long  and 
terminate  in  nipping-claws.  The  telson  of  Pterygotus,  further,  is  broad 
and  lanceolate,  whereas  that  of  Eurypteriis  is  long  and  pointed. 
The  Silurian  genus  Slimonia  resembles  Pterygotus  in  the  form  of  the 
telson  and  in  the  marginal  position  of  the  compound  eyes,  but  differs 
from  it  in  the  quadrate  form  of  the  head-shield  and  in  the  structure  of 
the  limbs.  Finally,  the  Silurian  and  Devonian  genus  Stylomiriis  resem- 
bles Eurypteriis  in  the  possession  of  an  ensiform  telson,  and  in  its  general 
structure  ;  but  the  last  two  pairs  of  limbs  are  developed  into  long  slender 
rowing-organs,  which  reach  nearly  to  the  hinder  extremity  of  the  body. 


556 


CHAPTER  XXX. 

CR  USTA  CEA — continued. 

Sub-class  III. — Mal.a.costraca. 

The  Crustaceans  included  in  the  sub-class  Malacostraca  {Thoraci- 
poda.  Woodward)  are  distinguished  by  the  possession  of  a  generally 
definite  number  of  body-segments  ;  seven  somites  going  to  make  up 
the  thorax,  and  an  equal  number  entering  into  the  composition  of 
the  abdomen  (counting,  that  is,  the  telson  as  a  somite).  The 
Malacostraca  are  divided  into  two  primary  divisions,  termed  res- 
pectively the  Hedriophthalmata  and  the  Fodophthalmata,  according 
as  the  eyes  are  sessile  or  are  supported  upon  eye-stalks. 

Division  A.  Hedriophthalmata. 

This  division  comprises  those  Malacostraca  in  which  the  eyes  are 
sessile,  and  the  body  is  mostly  not  protected  by  a  carapace.  It 
comprises  the  two  orders  of  the  Isopoda  and  Amphipoda.  The  eyes 
are  generally  compound,  but  sometimes  simple,  and  are  placed  on 
the  sides  of  the  head.  The  head  is  almost  always  distinct  from 
the  thorax,  and  the  mandibles  are  often  furnished  with  a  palp. 
Typically  there  are  seven  pairs  of  feet  in  the  adult,  hence  this  di- 
vision has  been  called  Tetradecapoda  by  Agassiz. 

Order  I.  Amphipoda. — The  members  of  this  order  are  Crus- 
taceans, mostly  of  small  size,  in  which  the  body  is  laterally  compressed^ 
and  the  thorax  consists  of  seven  segmetits,  carrying  seven  pairs  of  legs. 
The  abdomen  is  mostly  ivell  developed,  and  consists  of  seven  segments. 
The  gills  are  lamellar  or  vesicular.,  and  are  attached  to  the  basal 
joints  of  the  thoracic  legs.  The  seven  pairs  of  thoracic  limbs  are  di- 
rected partly  fonvards  and  partly  backivards.  It  is  from  this  latter 
circumstance  that  the  name  of  the  order  is  derived. 

The  order  of  the  Amphipods  comprises  both  marine  and  fresh- 
water forms,  many  familiar  types,  such  as  the  Sand-hoppers  {Taltt- 
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rus)  and  Shore-hoppers  (Orc/iesiia),  being  more  or  less  amphibious 
in  habit,  while  some  genera  (such  as  Gamnmrus)  possess  both 
marine  and  fresh-water  representatives.  The  geological  history  of 
the  Amphipods  is  still  very  imperfectly  known.  If  the  incompletely 
understood  Pateozoic  genera  GamJ>sonyx,  PalcBOcaris,  Palaorchestia, 


Pig.  ^i-j.—Gammarus  locusta,  enlarged  about  four  times.    Recent.    (After  Spence  Bate 

and  Westwood). 

and  the  forms  allied  to  these,  be  excluded  from  the  order,  the  num- 
ber of  known  fossil  forms  of  the  order  is  very  small.  If  the  genus 
Necrogammariis  described  by  Dr  Henry  Woodward  from  the 
Silurian  rocks  of  Britain,  be  truly  referable  here,  it  is  the  oldest 
type  of  the  Amphipods  at  present  known.  Hardly  less  certain  is 
the  position  of  the  Permian  genus  Prosoponiscus  {Palaocrangon\ 


Fig.  418. — Prosa/ioiiisciis  {Paheocrangoii)  problciiiatiais,  viewed  from  one  side,  and  parti.iUy 
restored.    From  the  Magnesian  Limestone  (Permian)  of  Durham,    (.\fter  Spence  Bate.) 

which  Mr  Spence  Bate  has  described  as  related  to  the  living  Phcedi-a 
antiqua.  The  fossil  forms  of  the  Amphipoda  from  the  Tertiary 
series  are  almost  exclusively  from  fresh-water  deposits,  and  either 
belong  to  such  existing  genera  as  Ganwta?-us  or  are  nearly  allied  to 
other  living  types.     No  fossil  representatives  of  the  little  group 
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of  parasitic  Amphipods  included  under  the  name  of  Lamodipoda 
have  been  as  yet  discovered. 

Order  II.  Isopoda. — In  this  order  the  head  is  ahvays  distinct 
from  the  segment  bearing  the  first  pair  of  feet.  The  respiratory  organs 
are  not  thoracic,  as  in  the  preceding  order,  but  are  attached  to  the 
inferior  surface  of  the  abdomen,  and  consist  of  leaf-like  branchice 
ivhich  in  the  terrestrial  species  are  protected  by  plates  which  fold  over 
them.  The  thorax  is  composed  of  seven  segments,  bearing  typically 
seven  pairs  of  limbs,  which,  in  the  females,  have  marginal  plates, 
attached  to  their  bases,  and  serving  to  protect  the  ova.    The  num- 


Fig-  419- — Recent  Isopoda.  A,  Idotea  entoinon,m\3xgei;  B,  A  rctums  longicomis,  enlarged; 
c,  Scroll s  Scythei :  an,  Antennje  ;  a,  Antennules.  (After  Gerstaecker,  Spence  Bate  and  West- 
wood,  and  Liitken.) 

ber  of  segments  in  the  abdomen  varies,  but  is  never  more  than 
seven.  The  abdominal  segments  are  in  many  Isopods  coalescent, 
and  form  a  broad  caudal  shield,  beneath  which  the  branchite  are 
carried  (fig.  419,  a). 

The  recent  Isopods  are  for  the  most  part  of  small  size,  and  are 
of  the  most  varied  habit.  Many  forms  are  strictly  marine,  some 
forms  occurring  even  at  great  depths  (over  2000  fathoms),  but  very 
many  types  are  either  inhabitants  of  shallow  water  or  live  between 
tide-marks.  Some  forms,  such  as  the  Bopyridce,  are  parasitic  in  the 
adult  condition.  Many  Isopods  live  in  fresh  waters,  some  of  these 
belonging  to  genera  which  are  also  represented  by  marine  forms. 
Other  Isopods,  like  the  Wood-lice  (Oniscidce)  are  terrestrial  in 
habit. 
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As  in  the  case  of  the  Amphipods,  the  geological  history  of  the 
Isopods  is  very  imperfectly  known.  The  Palaeozoic  Arthropods 
which  have  been  referred  here,  such  as  the  problematical  Arthro- 
pleiira  of  the  Carboniferous  rocks,  and  the  form  described  by  Dr 
Henry  Woodward  from  the  Old  Red  Sandstone  under  the  name  of 
FrcBarcturus,  are  of  doubtful  affinities.  The  earliest  unquestionable 
Isopods  are  found  in  the  Jurassic  rocks 
(the  Lithographic  Slates  of  Germany), 
in  w^hich  the  order  is  represented  by 
the  extinct  genera  Urda  and  Aigites.  In 
the  Upper  Jurassic  (Purbeck  beds)  of 
Britain  is  found  the  Archaonisais  Brodiei 
(fig.  420),  often  in  considerable  num- 
bers, the  genus  being  apparently  refer- 
able to  the  recent  family  of  the  yEgida. 
To  the  same  family  belongs  the  extinct 
ffenus  Palcem,  species  of  which  are  found      Fig.  420.— Brodiei, 

.        ,        ^  1   „      •  1         ^  fossil  Isopod  from  the  Furbeck 

m  the  Cretaceous  and  lertiary  rocks.  Beds. 
A  tolerably  abundant  Tertiary  genus  is 

Eospharoina,  which  belongs  to  the  recent  family  of  the  SphceromidcB. 
Lastly,  the  terrestrial  family  of  the  Wood-lice  {Oniscidce)  is  repre- 
sented in  late  Tertiary  deposits  by  such  existing  genera  as  Armadillo, 
Porcellio,  and  0?iiscus  itself. 


Division  B.  Thoracostraca  or  Podophthalmata. 

The  Crustaceans  included  in  this  division  possess  compound  eyes 
which  are  usually  placed  upon  movable  peduncles  ;  while  the  anterior 
part  of  the  body  is  covered  with  a  "  carapace "  or  shield,  which 
covers  the  head  and  the  anterior  thoracic  segments  at  any  rate,  and 
often  protects  the  entire  cephalothorax.  The  body  consists  of  nine- 
teen undoubted  segments,  of  which  thirteen  belong  to  the  cephalo- 
thorax and  six  to  the  abdomen.  If  the  ocular  ring  and  the  telson 
be  counted  as  segments,  there  are  then  twenty-one  segments  alto- 
gether. All  of  the  Thoracostraca  except  certain  of  the  Shrimps 
{Penceidcs)  pass  through  "  Zoea  "  stages  in  their  development.  The 
division  Thoracostraca  comprises  the  four  orders  of  the  Cumacea, 
the  Schizopoda,  the  Stomaiopoda,  and  the  Decapoda,  of  which  the 
last  includes  the  most  highly  organised  and  familiar  examples  of 
the  class  Crustacea.  Of  these  orders,  the  first  two  have  no  direct 
fossil  representatives,  though  we  may  consider  in  connection  with 
the  Schizopods  certain  Paleozoic  Crustaceans,  which  are  possibly 
ancestral  types  of  the  order.  The  Stomatopods  are  represented  by 
few  fossil  forms,  beginning,  perhaps,  in  the  Carboniferous  rocks. 
On  the  other  hand,  there  are  numerous  known  fossil  forms  of  the 
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Decapod  Crustaceans,  especially  in  the  Mesozoic  and  Tertiary  de- 
posits ;  but  the  palasontological  interest  of  these  is  comparatively 
small,  and  it  will  be  sufficient  here  to  give  a  brief  sketch  of  the 
general  geological  history  of  the  three  great  tribes  into  which  the 
order  Decapoda  is  divided. 

Order  I.  Cumacea. — This  order  includes  small  marine  Crus- 
taceans, in  which  there  is  a  short  carapace  covering  the  head  atid  the 
anterior  thoi-acic  segme?its.  The  eyes  are  sessile,  and  the  mouth-organs 
resemble  those  of  the  Isopoda.  The  two  anterior  pairs  of  legs  at  least 
possess  natatory  exopodites,  and  the  branchice  are  attached  to  the 
epipodites  of  the  maxillipedes.  The  abdomen  is  elongated  and  coin- 
posed  of  six  segments,  and  a  telson  may  be  present  or  absent. 

The  Cui?iacea  are  regarded  by  G.  O.  Sars  as  an  order  of  Crustacea 
related  on  the  one  hand  to  the  Schizopods  or  Macrurous  Decapods, 
and  on  the  other  hand  to  the  Isopoda.  No  fossil  forms  of  the  order 
are  known. 

Order  II.  Schizopoda. — This  order  includes  the  "  Opossum 
Shrimps "  (Mysis)  and  their  allies,  comprising  small  Crustaceans 
which  are  in  many  respects  related  to  the  Decapoda.  According  to 
G.  O.  Sars,  the  Schizopods  occupy  "the  most  primitive  position 


Fig.  421.—"  Opossum  Shrimp  "  {Mysis  oculata).    ;«,  Marsupial  pouch.    (After  G.  O.  Sars.) 


within  the  division  Podophthalmia,  being  apparendy  the  least  modi- 
fied forms,  in  which  the  original  characters  distinguishing  the  pro- 
genitors of  the  whole  division  would  seem  to  exhibit  least  change." 
The  correctness  of  this  view  is  shown  by  the  fact  that  many  of  the 
Podophthalmate  Crustaceans  pass  in  their  development  through  a 
"  Mysis-stage,"  in  which  they  present  marked  Schizopodous  char- 
acters.    The  Schizopods  are  characterised  by  the  fact  that  the 
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thoracic  limbs  are  eight  on  each  side,  and  are  provided  each  with  an 
exopodite  and  endopodite  (fig.  421),  the  exopodites  being  natatory  in 
function.  A  cephalothoracic  shield  is  present,  and  there  is  usually 
only  a  single  pair  of  maxillipedes.  The  ^lls  are  attached  to  the 
thoracic  legs,  or,  exceptionally,  to  the  abdominal  feet.  The  ova  are 
carried  beneath  the  thorax  of  the  female,  usually  in  a  marsupial  pouch 
formed  by  leaf-like  plates  produced  from  the  bases  of  the  legs  (fig. 
421,  ;«).  The  telson  often  possesses  minute  terminal  appendages  or 
spines. 

The  Schizopods  are  distinguished  firom  the  Decapods  by  the 
larger  number  of  the  thoracic  hmbs,  and  by  the  fact  that  these 
appendages  have  well-developed  exopodites,  as  well  as  by  the  fact 
that  the  gills  are  not  carried  in  branchial  chambers  formed  by  a 
downward  prolongation  of  the  sides  of  the  carapace.  In  Mysis  and 
its  allies  true  branchiee  are  wanting.  With  the  single  exception  of 
the  Mysis  relicta  of  the  great  lakes  of  Sweden  and  North  America, 
all  the  Schizopods  are  inhabitants  of  the  sea, 
extending  their  range  to  considerable  depths. 

No  undoubted  fossil  forms  of  the  Schizopoda 
are  as  yet  known,  but  a  brief  consideration  may 
be  given  here  to  the  singular  Palaeozoic  genera 
Palaocaris  and  Gampsonyx,  which  some  author- 
ities regard  as  aberrant  members  of  the  Amphi- 
poda,  but  which  are  considered  by  Packard  as 
being  probably  ancestral  types  of  the  Schizopods. 
The  g&rm?, Falcsocaris  (fig.  422)  includes  peculiar 
elongated  Crustaceans  from  the  Coal-measures 
of  North  America  and  Britain,  in  which  there  is 
a  short  cephalothoracic  shield,  but  the  hinder 
thoracic  segments  are  free.  There  are  two 
pairs  of  antennje,  of  nearly  equal  length,  and 
the  limbs  do  not  appear  to  be  bifid.  The 
telson  has  a  pair  of  "stylets"  on  each  side, 
and  the  condition  of  the  eyes  has  not  been 
clearly  ascertained.  The  genus  Acanthotelson, 
also  from  the  Coal-measures,  appears  to  be  re- 
lated to  Palaocaris,  as,  possibly,  are  the  genera 
Palceorchestia  (Carboniferous)  and  Nectotelson 
(Permian),  but  the  true  relationships  of  these 
forms  are  very  uncertain.  Another  Carbon- 
iferous genus  which  may  perhaps  find  a  place  here  is  Gampsonyx, 
mcludmg  small  Crustaceans  which  have  a  general  resemblance  to 
the  Amphipods  in  appearance,  but  in  which  the  limbs  seem  to 
have  been  of  the  Schizopodous  type. 

Order  III.   Stomatopoda.— This  order  includes  the  recent 
VOL.  I.  2  J, 


Fig.  422.  —  Paltpocaris 
tyfius,  slightly  enlarged. 
From  ,  the  Coal  -  measures 
of  North  America.  (After 
Meek  and  Worthen.) 


562 


CRUSTACEA. 


Locust-shrimps  {Squilla),  all  of  which  are  inhabitants  of  the  sea. 
The  Crustaceans  of  this  order  (fig.  423)  have  a  short  cephalothoracic 

carapace,  which  does  not  protect  the  hinder 
seg7nents  of  the  thorax.  There  are  five 
pairs  of  maxillipedes,  and  thj-ee  pairs  of 
thoracic  legs.  The  branchice  are  not  en- 
closed in  a  cephalothoracic  gill-chamber 
on  each  side,  but  are  in  the  form  of  tufts 
attached  to  the  abdominal  feet.  The  eyes 
and  antenna  are  attached  to  a  somite 
which  is  7iot  soldered  to  the  cephalo- 
thorax. 

As  regards  their  distribution  in  time, 
it  is  doubtful  if  any  Palseozoic  types  of 
the  Crustacea  can  be  referred  to  this 
order,  but  the  genera  Necroscilla  and 
Diplostylus,  of  the  Coal-measures,  may 
possibly  be  ancient  representatives  of 
the  Stomatopoda.  In  the  Jurassic  rocks 
(Lithographic  Slates)  of  Germany  is 
found  the  genus  Sculda,  which  is  re- 
lated to  the  recent  genus  Squilla,  and 
species  of  the  latter  have  been  de- 
scribed from  the  Cretaceous  rocks, 
while  others  occur  in  the  Eocene 
Tertiary. 

Order  IV.  Decapoda. — This  order  includes  the  Shrimps  and 
Lobsters,  the  Hermit-crabs,  and  the  true  Crabs,  and  comprises  the 
most  highly  organised  of  all  the  Crustacea.  Most  of  the  Decapods 
are  aquatic  in  their  habits,  and  they  are  usually  protected  by  strong 
resisting  shells.  There  is  always  a  complicated  set  of  "  gnathites," 
or  appendages  modified  for  masticatory  purposes,  surrounding  the 
mouth.  The  ambulatory  feet  are  made  up  of  five  pairs  of  legs 
(hence  the  name  of  the  order) ;  the  first  pair — and  often  some 
other  pairs  behind  this — being  "  chelate^'  or  having  their  extremities 
developed  into  nipping-claws.  The  branchice  are  pyramidal,  and  are 
contained  in  cavities  at  the  side  of  the  thorax.  Tlie  carapace  is 
tvell  developed,  a?id  covers  all  the  segments  of  the  head  and 
thorax. 

The  Decapoda  are  divided  into  three  tribes,  termed  respectively 
the  Macrura,  Anomura,  and  Brachyura,  and  characterised  by  the 
nature  of  the  abdomen. 

Tribe  A.  Macrura.  —  This  tribe  includes  the  "Long-tailed 
Decapods,"  such  as  the  Lobsters,  Cray-fish,  Shrimps,  and  Prawns, 
in  which  the  abdomen  is  well  developed,  often  longer  than  the 


Fig.  423.- 


-Squilla,  mantis,  the  Locust- 
shrimp. 
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cephalothorax,  and  its  posterior  extremity  is  in  tlie  form  of  a 
powerful  natatory  organ  or  caudal  fin.  The  recent  Macrurans  are 
mostly  marine  in  habit,  but  some  typical  forms  (the  Cray-fishes)  are 
inhabitants  of  fresh  water.  The  earliest  fossil  representatives  of  the 
Macrura  are  certain  Shrimp-like  Crustaceans  which  appear  in  the 
Devonian  and  Carboniferous  rocks,  but  the  group  undergoes  a  great 
development  in  the  Mesozoic  period,  and  many  Tertiary  forms  are 
known  as  well.  It  will  be  suf- 
ficient here  to  give  a  general 
sketch  of  the  geological  history 
of  the  group,  without  discussing 
its  different  families  in  any  de- 
tailed manner. 

The  oldest  known  Macruran 
is  the  Shrimp-like  Palceopala- 
mon  of  the  Devonian  rocks  of 
North  America,  the  general 
characters  of  which  would  jus- 
tify its  reference  to  the  exist- 
ing family  of  the  Shrimps  and 
Prawns  (Carididce).  To  the 
same  family  may  be  referred 
the  Carboniferous  genera  An- 
thrapalcetnon  (fig.  425),  Cran- 
gopsis,  and  Pygocephalus.  In 
Anthrapalcemon,  there  is  a 
well-developed  carapace,  which 
is  furnished  with  a  beak  or 
"rostrum,"  and  possesses  ser- 
rated lateral  margins.  There 
are  five  pairs  of  thoracic  legs  ; 
the  abdomen  is  composed  of  ^ 

(ya^   ^„„™„„<.„         J    1.U         ■  Fig.424. — The  common  Cray-fish (^jte/wjyKCT- 

tree   segments,   and   there   is  a   «i//4  Viewed  from  below.    «,  Antennules; 

caudal  fin,   formed   by   the   tel-   ^"!fj'"^V       ■^^""^r"''  .Openi"g  of  antennary 
'   .  •'  gland  ;  e.  Last  pair  of  foot-jaws  ;  f.  One  of  the  great 

son  along  with  the  last  pair  of  '^'''^'^  :      Fifth  thoracic  limb ;  h,  Swimmerets ;  i, 

_,„•    .  .  XT  J  1  P'^'"'  °f  swimmerets;  /,  The  opening  of 

swimmerets.       No     undoubted   the  anus  below  the  telson. 

representatives  of  the  Macrura 

have  hitherto  been  detected  in  the  Permian  rocks,  but  the  Trias 
has  yielded  a  number  of  Long-tailed  Decapods  belonging  to  the 
families  of  the  Shrimps  {Fenaus  and  yEger),  the  Eryonida,  and  the 
Glyphaida  (Pemphix,  Lithogaster,  &c.)  It  is,  however,  in  the 
Jurassic  rocks  that  the  Macrura  attain  their  maximum  develop- 
ment as  fossils,  all  the  recent  families  of  the  order  having  now 
come  into  existence,  and  some  of  them  attaining  here  their  cul- 
minating point.   The  Shrimps  {Carididce)  are  represented  by  genera 
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such  as  Penceus  and  JEger ;  the  Spiny  Lobsters  {Palmuridce)  are 
exemplified  by  the  singular  Mecoehirus  (fig.  426)  of  the  Solenhofen 
Slates,  in  which  the  first  pair  of  ambulatory  limbs  are  enormously 

elongated,  but  do  not  terminate  in 
pincers ;  the  Glyphceida  are  repre- 
sented by  Glyphcea  itself,  and  the 
genus  Pseudastacus  takes  the  place  of 
the  modern  Lobsters.  The  most  re- 
markable group  of  the  Jurassic  Mac- 
rura  is,  however,  that  of  the  Eryonidce, 
of  which  the  principal  genus  is  Eryon 
itself.  This  interesting  family  has  rep- 
resentatives in  the  Trias,  and  is  very 
widely  distributed  in  the  Jurassic  and 
Cretaceous  rocks,  while  recent  investi- 
gations have  shown  that  a  few  forms  of 
the  group  (such  as  Willeino'esia)  still 
maintain  their  existence  at  the  bottom 
of  the  deep  sea.  In  Eryon  (fig.  427), 
the  carapace  is  large  and  broad,  and 
nearly  quadrate  in  figure,  whilst  the 
antennae  are  very  small ;  the  first  four 
pairs  of  ambulatory  legs  are  chelate,  and  the  first  pair  are  much 
longer  than  the  others ;  and  the  caudal  extremity  is  constituted  by 
the  triangular  telson  and  the  dilated  last  pair  of  swimmerets.  Beau- 
tifully preserved  examples  of  Eryon  are  found  in  the  Lithographic 


Fig.  426.— Mecoehirus  longimanus,  from  the  Lithographic  Slates  of  Eichstadt, 
one-half  the  natural  size.    (After  Zittel.) 

Slates  of  Germany,  and  in  the  same  deposits  are  found  the  remains 
of  "  PhyllosomEe,"  which  are  to  be  regarded  as  the  larval  stages  of 
the  former.  In  the  Cretaceous  rocks,  Macrurous  Decapods  are 
tolerably  numerous,  and  belong  to  all  the  principal  sections  of  the 


Fig.  425. — A  nthrafaltEtnon gracilis, 
of  the  natural  size.  From  the  Coal- 
measures  of  North  America.  (After 
Meek  and  Worthen.) 


THORACOSTRACA  OR  PODOPHTHALMATA.  5^5 

tribe.  Among  the  more  characteristic  Cretaceous  genera  may  be 
mentioned  Enoploclytia,  Hoploparia,  Meyeria,  Falinurus,  and  Scyl- 
larus.  Very  abundant  also  in  parts  of  the  Cretaceous  series  are 
the  great  chelse  of  burrowing  Crabs  belonging  to  the  genus  Cal- 
/ianassa,  a  type  which  appeared  in  the  Jurassic  rocks,  and  which 
survives  at  the  present  day.  In  the  Tertiary  rocks,  finally,  the 
remains  of  Macrura  are 
comparatively  scanty,  and 
present  few  points  of  special 
interest.  The  recent  genus 
Homanis,  including  the 
common  Lobster,  appears 
in  the  Oligocene  deposits, 
and  in  the  fresh-water  Ter- 
tiary deposits  of  North 
America  are  found  the  re- 
mains of  Cray-fishes  {Asta- 
cus)  essentially  similar  to 
existing  forms. 

Tribe  B.  Anomura. — 
The  Decapods  which  be- 
long to  this  tribe  are  dis- 
tinguished by  the  condition 
of  the  abdomen,  which  is 
neither  so  well  developed 
as  in  the  Macrura,  nor  so 
rudimentary  as  in  Crabs. 

The   last   pair   of   thora-       _,.         ^         ^.^    .    ,     .  , 

.  rig.  427. — Kryon  arctifonnis.    Jurassic  rocks. 

cic  limbs  are  reduced  in  (Soienhofen  siaies.) 

size.     Further,   the  abdo- 
men does  not  terminate  posteriorly  in  a  caudal  fin,  as  in  the 
Macrura. 

The  division  Anomura  must  be  regarded  as  an  artificial  assem- 
blage, composed  of  modified  forms  of  both  the  Macrura  and 
Brachyura.  It  is,  in  fact,  impossible  to  draw  a  rigid  line  between 
the  Anomura  and  the  Brachyura — the  two  tribes  being  connected 
by  transitional  forms,  which  might  with  equal  propriety  be  placed  in 
either.  The  most  characteristic  forms  of  the  Anomura  are  the 
"Hermit-crabs"  {Fagurjis,  Canobita,  &c.),  and  the  "Plated 
Lobsters"  {Galathed).  The  Hermit-crabs  are  interesting  on  ac- 
count of  their  habit  of  protecting  the  soft  abdomen  within  the 
empty  shell  of  some  Mollusc  (fig.  428).  Many  of  the  Hermits, 
such  as  the  Canobitce-  of  the  tropics,  are  terrestrial  in  their  habits, 
and  commonly  employ  the  shells  of  snails  for  their  borrowed  dwell- 
ing.   As  the  Canobita  migrate  to  the  sea  for  the  purpose  of  pro- 
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ducing  their  eggs,  it  is  conceivable  that  by  their  agency  a  curious 
and  puzzHng  intermixture  of  land-shells  with  marine  types  of  Mol- 
luscs might  be  effected. 

With  regard  to  the  distribution  of  the  Anomiira  in  time,  our 
knowledge  is  at  present  very  imperfect.  If  the  group  of  Decapods 
represented  by  the  living  Sponge-crabs  {Dromia)  be  referred  to  the 
Brachyiira,  then  it  is  doubtful  if  any  remains  of  the  Anomura  have 
been  found  in  any  Mesozoic  deposit,  while  Palaeozoic  forms  are 


Fig.  428. — Hermit-crab  {Canobita)  in  its  borrowed  shell.    After  Morse. 


wholly  unknown.  The  claws  of  a  form  resembling  Galathea  have 
been  recorded  as  occurring  in  the  Faxoe  Chalk ;  but  with  this  ex- 
ception the  earliest  unquestionable  remains  of  Anomurous  Decapods 
are  referable  to  the  genus  Fagiirus,  and  are  found  in  the  Eocene 
deposits. 

Tribe  C.  Brachyura. — The  "  short-tailed  "  Decapods,  or  Crabs, 
are  distinguished  from  the  two  preceding  tribes  by  the  rudimentary 
condition  of  the  abdomen,  which  is  very  short,  and  is  tucked  up 
beneath  the  cephalothorax,  the  latter  being  disproportionately  large. 
There  is  no  caudal  fin,  and  there  are  from  one  or  two  (males)  to  four 
(females)  pairs  of  abdominal  appendages,  which  are  employed  by 
the  females  in  carrying  the  ova.  The  Crabs  are  mostly  furnished 
with  ambulatory  limbs,  and  are  rarely  formed  for  swimming,  most 
of  them  being  littoral  in  their  habits,  and  some  even  living  inland. 

With  regard  to  their  geological  history,  it  is  very  doubtful  if  any 
genuine  representatives  of  the  Brachyura  have  been  hitherto  de- 
tected in  the  Pateozoic  series.  The  Gitocrangon  grattulatus  of  the 
Devonian  rocks,  the  Brachypyge  carbonts  of  the  Carboniferous,  and 
the  Hemitrochiscus  paradoxus  of  the  Permian  deposits,  which  have 
been  supposed  to  be  ancient  types  of  the  Brachyura,  are  all  more 
or  less  problematical  in  nature.    Even  in  the  Jurassic  rocks  the 
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evidence  of  the  existence  of  genuine  Crabs  is  "Ot  perfectly  clear 
sTnce  the  Palceinachus  longipes  of  the  Forest  Marble  (Lower  Oo  ites), 
described  by  Dr  Henry  Woodward  as  a  Crab,  is  not  completely 
known,  and  the  Jurassic  genus 
Prosopoti  may  perhaps  be  refer- 
able to  the  Anomura.     In  the 
Cretaceous  rocks  there  are  various 
Decapods  of  the  family  of  the 
Sponge-crabs,  which  form  a  tran- 
sitional group  between  the  Brachy- 
ura  and  A?io)7mra,  such  as  the 
genus  Dromiopsis ;  but  there  are 
also  genuine  Crabs,  such  as  Palceo- 
corystes,  Eucorystes,  Necrocarcinus, 
Etyiis,  and  Xantho,  representing 
several  of  the  existing  families  of 
the  Brachyjira.    The  Eocene  de- 
posits, and  particularly  those  of  Britain  (the  London  Clay),  have 
proved  very  rich  in  the  remains  of  Brachyurous  Decapods,  some  of 
the  forms  of  this  period  belonging  to  extinct  genera,  (such  as  Micro- 
maia,  Psammocarcimcs,  Palceocarpilius,  fig.  429,  Lobocarcinus,  Xan- 
thilites,  and,  above  all,  Xanthopsis),  while  others  are  referable  to 
such  existing  genera  as  Cancer  and  Xantho.    The  later  Tertiary 
deposits  have  yielded  comparatively  few  remains  of  B?-achyura,  and 
these  of  little  special  interest,  but  the  fresh-water  genus  Telphusa  and 
the  terrestrial  genus  Gecarcimis  are  both  represented  in  the  Miocene 
deposits  of  CEningen. 


Fig.  429  — PalcEocarpilius  inacrocheilus. 
Eocene. 
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CHAPTER  XXXI. 

ARTHR  OFODA—contifiued. 
ARACHNIDA    AND  MYRIOPODA. 
Class  II.  Arachnida. 

The  Arachnida — including  the  Spiders,  Scorpions,  Mites,  &c. — 
possess  almost  all  the  essential  characters  of  the  Crustacea,  to  which 
they  are  very  closely  allied.  Thus,  the  body  is  divided  into  a  vari- 
able number  of  somites,  some  of  which  are  always  provided  with 
articulated  appendages.  A  pair  of  ganglia  is  primitively  developed 
in  each  somite,  and  the  neural  system  is  placed  ventrally.  The 
heart,  when  present,  is  always  situated  on  the  opposite  side  of  the 
alimentary  canal  to  the  chain  of  ganglia.  The  respiratory  organs, 
however,  whenever  these  are  differentiated,  are  never  in  the  form  of 
branchite  as  in  the  Crustacea,  but  are  in  the  form  either  of  pul- 
monary vesicles  or  sacs,  or  of  ramified  tubes,  formed  by  an  involu- 
tion of  the  integument,  and  fitted  for  breathing  air  directly.  Fur- 
ther, there  are  never  more  than  four  pairs  of  ambulatory  limbs,  and 
no  locomotive  appendages  are  developed  upon  any  of  the  abdominal 
segments.  Antennae  are  not  present  (as  such),  and  the  eyes  are 
simple  and  sessile.  The  head  and  thorax  are  united  to  form  a 
cephalothorax  (the  thoracic  segments  in  rare  cases  remaining  free), 
and  in  some  cases  the  cephalothorax  is  fused  with  the  abdomen. 

Speaking  generally,  therefore,  the  Araclmida  are  distinguished 
from  the  Crustacea  by  the  possession  of  four  pairs  of  walking-legs, 
the  want  of  locomotive  appendages  on  the  abdomen,  and  the  absence  of 
antennce  ;  tvhile  the  breathing-organs  {zvhen  differentiated)  are  adapted 
^or  breathing  air  directly,  and  are  never  in  the  form  of  branchice. 

The  integument  of  the  Arachnida  is  in  general  more  or  less  ex- 
tensively hardened  by  chitine,  and  commonly  forms  a  resistant  exo- 
skeleton.  Viewed  under  the  microscope,  the  chitinous  exoskeleton 
of  such  an  Arachnidan  as  a  Scorpion  (fig.  430,  a  and  b)  exhibits  a 
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finely  punctate  or  minutely  porous  structure,  along  with  numerous 
oval  pits  of  different  sizes,  each  of  which  exhibits  a  central  dark 
spot  or  ring.  These  latter  are  not  perforations,  but  are  the  sockets 
of  hairs.  The  skin  of  a  fossil 
Scorpion  from  the  Carbonif- 
erous rocks  (collected  by  the 
Geological  Survey  of  Scot- 
land) also  exhibits  a  minutely 
reticulate  or  porous  structure, 
and  presents  larger  oval  pits, 
which  show  a  central  dark 
spot,  and  which  seem  to  be 
quite  similar  to  the  hair- 
sockets  of  the  recent  Scor- 
pions (fig.  430,  c  and  d). 
There  are  also  still  larger 
oval  perforations,  which  are 
surrounded  by  a  fibrous  ring, 
and  which  are  true  perfora- 
tions, passing  completely 
through  the  thin  integument. 
These  may  represent  the 
sockets  of  large  bristles,  from 
which  the  delicate  chitinous 
membrane  forming  the  origi- 
nal floor  of  the  socket  (traces 
of  which  are  still  sometimes 
visible)  has  disappeared ;  or 

they  may  be  truly  pores.  In  the  latter  case,  they  do  not  appear  to 
have  any  representative  in  the  integument  of  the  recent  Scorpions. 

The  segments  of  the  head  and  thorax  in  the  Arachnida  are  gen- 
erally amalgamated  to  form  a  "  cephalothorax,"  which  is  in  some 
cases  {Solpiigida)  segmented.  The  upper  surface  of  the  head  carries 
the  eyes,  which  are  always  simple  and  are  never  supported  upon 
movable  peduncles.  There  are  no  proper  "antennte,"  but  the  place 
of  these  is  taken  by  a  pair  of  prehensile  organs  known  as  the 
"  chelicerse,"  "  falces,"  or  "  mandibles  "  in  different  groups  of  the 
class  (fig.  431,  c).  There  is  a  single  pair  of  "maxilte"  or  proper 
jaws,  which  carry  long  jointed  appendages — the  "  maxillary  palpi." 
The  palpi  are  sometimes  leg-like  in  form  ("  pedipalpi "),  or  they 
may,  as  in  the  Scorpions,  be  converted  into  nipping-claws  (fig. 
431,  ;«).  Immediately  posterior  to  the  mouth  is  a  lower  lip  or 
"  labium,"  which  is  unpaired  in  the  Spiders,  but  in  some  cases  is 
partially  divided  by  a  longitudinal  groove,  and  is  thus  seen  to  repre- 
sent a  second  pair  of  maxilte.    The  four  segments  of  the  thorax 


Fig.  430. — A,  Exoskeleton  of  a  recent  Scorpion 
enlarged,  and  (b)  still  more  highly  magnified,  show- 
ing minute  pores  together  with  larger  pits  to  which 
hairs  were  attached,  c,  Portion  of  the  skin  of  a 
fossil  Scorpion  from  the  Carboniferous  rocks  of  Scot- 
land,_  enlarged,  showing  pits  for  the  attachment 
of  hairs.  The  large  oval  perforations  probably  also 
represent  the  sockets  of  hairs,  of  larger  size.  D, 
Portion  of  the  same  enlarged  further,  showing  a 
finely  reticulate  or  porous  structure.  (Original.) 
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carry,  as  a  rule,  four  pairs  of  jointed  ambulatory  legs.  Abdominal 
limbs  are  present  in  the  embryo  of  various  Arachnida,  but  ambula- 
tory appendages  are  never  developed  on  the  abdominal  somites  of 
the  adult.  In  the  Scorpions,  the  first  abdominal  segment  carries  a 
minute  "  operculum,"  formed  by  the  coalescence  of  a  pair  of  ap- 
pendages, which  covers  the  opening  of  the  reproductive  organs ; 
and  the  second  abdominal  segment  carries  the  peculiar  organs  which 


Fig.  431.— A,  Scorpio  a/er,  viewed  from  above,  and  somewhat  reduced  m  size  ;  B,  Upper  sur- 
face of  the  cephalothorax  of  the  same,  enlarged ;  c,  Btithiis  Kochii,  with  the  terminal  segments 
and  the  ends  of  the  appendages  on  one  side  omitted.  ?«,  Maxillary  palpi  (behind  these  are 
the  four  pairs  of  ambulatory  legs)  ;  c,  Chelicerae  ;  Telson  ;  o,  Lateral  ocelli ;  0  ,  Central,  larger 
ocelli ;  g.  Opercular  plate,  covering  the  opening  of  the  reproductive  organs ;  r,  One  of  the 
"  combs  " ;  s.  One  of  the  stigmatic  openings,   (c  is  after  Prof.  Ray  Lankester.) 

are  known  as  the  "  combs."  The  extremity  of  the  abdomen  carries 
in  the  Spiders  the  so-called  "  spinnerets  "  (two,  four,  or  six  in  num- 
ber), which  have  sometimes  been  regarded  as  modified  abdominal 
appendages.  A  "  telson  "  is  present  in  the  Scorpions,  in  which  it 
forms  a  poisonous  "  sting  "  ;  and  a  jointed  caudal  filament  is  present 
in  Thelyphonus. 

The  higher  Arachnida  are  air-breathers,  and  possess  distmct  res- 
piratory organs  in  the  form  of  "  trachese  "  or  "  pulmonary  sacs,"  the 
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former  being  tubular  and  the  latter  pouch-like  in  form.  The  air  is 
admitted  to  the  breathing-organs  by  paired  apertures  ("stigmata"), 
which  are  mostly  placed  on  the  ventral  aspect  of  the  abdomen. 
Many  of  the  lower  Araclmida  have  no  differentiated  respiratory 
organs ;  and  the  Pycnogonids,  if  rightly  placed  in  this  class,  are 
water-breathers. 

As  regards  their  distributio7t  in  space,  the  higher  Arachnida  are 
essentially  terrestrial  in  habit.  Many  of  the  lower  forms  are  inter- 
nal or  external  parasites.  A  few  of  the  Mites  live  in  the  sea  or 
between  tide-marks,  and  the  singular  Pantopods  {Fycnogonida)  are 
wholly  marine  in  habit :  but  the  zoological  position  of  these  last  is 
uncertain. 

As  regards  their  distribution  in  time,  our  knowledge  of  the  history 
of  the  Arachnida  is  still  very  incomplete.  Many  of  the  lower 
forms  are  incapable  of  preservation,  while  the  terrestrial  habits  of 
most  of  the  higher  forms  sufficiently  account  for  their  comparative 
rarity  as  fossils.  The  oldest  known  representatives  of  the  class  are 
the  Scorpions,  which  appear,  under  forms  not  very  widely  different 
from  those  now  in  existence,  in  the  Silurian  rocks.  The  earliest 
types  of  the  true  Spiders  {Protolycosa  and  Phalaranea)  appear  in 
the  Coal-measures,  where  also  appear  forms  allied  to  the  recent 
Thelyphonus.  The  great  majority  of  the  Pateozoic  Arachnids, 
however,  differ  in  various  points  from  existing  forms,  and  have 
been  placed  by  Scudder  in  a  special  order  ■  {Anthracomarti),  which 
is  confined  to  the  Palaeozoic  period.  In  the  Mesozoic  rocks  no 
undoubted  remains  of  Arachnids  have  hitherto  been  detected.  On 
the  other  hand,  in  the  Tertiary  rocks  are  found  representatives  of 
all  the  living  orders  of  Arachnids,  except  the  problematical  group 
of  the  Pycnogonida,  which  is  not  known  at  all  in  the  fossil  state. 
Most  of  the  Tertiary  Arachnids  have  been  found  in  amber — the 
fossil  resin  of  certain  Conifers — and  the  state  of  preservation  of 
these  is  often  marvellously  perfect.  The  more  important  facts 
relating  to  the  fossil  Arachnida  may  be  briefly  noticed  under 
the  following  heads  : — 

1.  AcARiDA. — This  group  of  the  Arachnida  comprises  the  Mites 
and  Ticks,  in  which  the  cephalothorax  and  abdomen  are  fused  into 
a  single  mass,  while  the  mouth-organs  are  generally  adapted  for 
piercing  and  suction.  Breathing  organs  may  be  wanting,  but 
when  present,  are  in  form  of  tracheae.  All  the  principal  existing 
families  of  Mites  are  known  to  be  represented  in  amber  (Tertiary). 
Galls  formed  by  Mites  have  also  been  detected  on  the  leaves  of 
fossil  Willows  in  the  Tertiary  beds  of  Europe. 

2.  Anthracomarti. — This  order  has  been  founded  for  the  re- 
ception of  certain  Pateozoic  Arachnids,  in  which  the  body  is  some- 
what compressed,  the  cephalothorax  and  abdomen  are  distinctly 
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separated  from  one  another,  and  the  former  is  usually  composed  of 
more  or  fewer  wedge-shaped,  foot-bearing  segments.  The  abdomen 
consists  of  from  four  to  nine  somites,  and  the  "  palpi "  are  not 
much  longer  than  the  legs,  and  are  not  terminated  by  pincers  or 
claws  (Scudder).  Of  the  genera  included  in  this  extinct  group,  all 
of  which  are  confined  to  the  Carboniferous  period,  Architarbus 
(fig.  432,  b)  is  found  in  the  Coal-measures  of  both  Europe  and 
North  America.  In  A.  subovalis  the  cephalothorax  is  shorter  than 
the  abdomen  and  carries  four  pairs  of  legs  and  a  pair  of  palpi,  the 
form  of  which  is  unknown.    The  abdomen  consists  of  nine  seg- 


Fiff.  432.— A,  Eophrynus Prestvicn,  viewed  ventrally,  and  somewhat  enlarged— Carboniferous; 
li,  Architarbus  subovalis,  enlarged  four  times,  and  viewed  from  below— Carboniferous  (after  H. 
Woodward). 

ments,  of  which  the  anterior  ones  are  much  narrower  than  the 
hinder  ones.  In  Anthracomartus,  also  distributed  in  the  Coal- 
measures  of  Europe  and  North  America,  the  cephalothorax  is  quad- 
rangular, and  is  only  about  half  as  wide  as  the  abdomen,  the  latter 
region  consisting  of  seven  segments.  In  Arthrolycosa,  from  the 
Coal-measures  of  Illinois,  the  cephalothorax,  on  the  other  hand,  is 
round,  and  is  much  larger  than  the  abdomen,  the  latter  region  con- 
sisting of  seven  distinct  segments  and  being  comparatively  narrow. 
Lastly,  in  the  singular  genus  Eophrymis  (fig.  432,  a),  the  cephalo- 
thorax is  triangular  and  extended  in  front,  and  carries  the  four  pairs 
of  legs  and  a  pair  of  slender  palpi.    The  abdomen  is  twice  as  large 
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as  the  cephalothorax,  and  its  upper  surface  is  tuberculated,  while  on 
its  ventral  aspect  are  seen  the  openings  of  six  pairs  of  stigmata. 

3.  Adelarthrosomata. — Under  this  name  may  be  included 
Arachnidans  such  as  the  "  Book-scorpions "  {Fseudoscorpionida) 
and  the  "  Harvest-men "  {Phalangidce),  in  which  the  abdomen  is 
more  or  less  distinctly  segmented,  but  is  not  clearly  separated  from 
the  cephalothorax,  the  two  regions  being  of  equal  width  and  con- 
joined together;  while  the  respiratory  organs  have  the  form  of 
tracheae.  Various  Tertiary  forms  of  the  Pseudoscorpions  have 
been  detected — principally  in  amber — but  these  all  belong  to  exist- 
ing genera  {Chelifer,  Chenies,  &c.)  Of  the  Phalangida  no  other 
fossil  forms  are  known  except  those  which  occur  in  amber,  and  of 
these  a  number  of  types,  belonging  to  several  genera,  have  been 
described. 

4.  Pedipalpi. — Under  this  head  may  be  included  the  two  groups 
of  the  Scorpions  {Scorpiodea)  and  the  Fhrynidea,  in  which  the  abdo- 
men is  segmented,  with  or  without  a  "post-abdomen,"  and  the 
breathing-organs  are  in  the  form  of  pulmonary  sacs.  The  Scorpions 
are  characterised  by  their  compressed  bodies,  and  by  the  clear  separ- 
ation of  the  cephalothorax  from  the  long  and  segmented  abdomen. 
The  abdomen  proper  consists  of  seven  wide  somites,  of  which  the 
first  carries  on  its  ventral  surface  the  opening  of  the  generative 
organs,  closed  by  a  delicate  lid  or  operculum  (fig.  431,  g) ;  the 
second  carries  a  pair  of  peculiar  comb-like  appendages  ("  pectines  "), 
the  precise  function  of  which  is  not  known;  and  the  next  four 
exhibit  the  oblique  apertures  ("stigmata")  of  the  four  pairs  of  pul- 
monary sacs.  The  abdomen  proper  is  followed  by  six  narrower 
segments,  which  constitute  a  "post-abdomen,"  and  of  which  the 
last  (the  "  telson ")  is  hooked,  and  is  converted  into  a  poisonous 
"  sting."  The  cephalothorax  is  covered  by  a  shield-like  carapace, 
the  upper  surface  of  which  carries  a  variable  number  of  simple  eyes, 
one  pair  of  which  is  larger  than  the  other?,,  and  is  placed  dorsally^ 
while  the  smaller  eyes  are  marginal.  The  first  pair  of  cephalic 
appendages,  corresponding  with  the  "falces"  of  the  Spiders,  are 
converted  into  nipping-claws  ("  cheliceree  ") ;  the  maxillary  palpi  are 
very  large  and  end  in  pincers ;  and  a  partially  divided  lower  lip  is 
present.    The  four  thoracic  segments  carry  the  four  pairs  of  walking- 

The  Scorpions  possess  a  resistant  chitinous  exoskeleton,  readily 
capable  of  preservation  in  the  fossil  condition  (see  p.  573).  It  is 
also  probable  that  some  of  the  more  ancient  forms  were  littoral  in 
habit,  which  would  account  for  the  occurrence  of  their  remains  in 
strata  of  marine  origin.  The  Scorpions  are  the  most  ancient  group 
of  the  Arachnida,  being  represented  in  the  Silurian  rocks  of  both 
the  Old  and  New  Worlds.    Various  Carboniferous  Scorpions  are 
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also  known,  and  these  ancient  types  do  not  appear  to  have  differed 
from  the  living  representatives  of  the  group  except  in  comparatively 
non-essential  characters. 

The  genus  Falceophonus  (fig.  433)  has  been  detected  in  the  Silu- 
rian strata  of  Gotland  and  of  Scotland,  and  comprises  Scorpions 
which  differ  from  all  existing  types  in  the  fact  that  the  walking-legs 
gradually  taper  to  their  ends,  which  terminate  in  points  or  simple 
claws.  The  maxillary  palpi  form  strong  nipping-claws,  and  the 
median  eye-tubercles  are  placed  not  far  from  the  anterior  margin  of 
the  cephalothorax.  The  genus  Proscorpius  occurs  in  the  Silurian 
deposits  of  North  America,  and  differs  from  the  preceding  in  the 


PaltFOphoiMS,  from  the  Silurian  rocks  of  Les-  Fig.  434. — A  specimen  of  Eascorpius  cation- 

mahagow,  Lanarkshire.  Enlarged  nearly  ar;V«,  from  the  Carboniferous  rocks  of  Illinois, 
twice.    (After  Benjamin  N.  Peach.)  of  the  natural  size.  (After  Meek  and  Worthen.) 


fact  that  the  legs  are  long,  with  blunt  terminal  joints  ending  in  two 
claws.  The  median  dorsal  eye-tubercles  are  placed  on  the  anterior 
margin  of  the  cephalothora.x,  and  the  lateral  eyes  are  on  ridges,  as 
in  the  living  Scorpions.  The  genus  Eoscorpius  (fig.  434)  is  confined 
to  the  Carboniferous  rocks,  and  species  have  been  detected  in  the 
Coal-measures  of  both  Europe  and  North  America.  Mazonia  is 
probably  identical  with  Eoscorpius.  The  genus  is  nearly  related  to 
Froscotphis,  from  which  it  differs  in  having  the  median  dorsal  eye- 
tubercles  of  smaller  size,  and  not  placed  close  to  the  anterior  margin 
of  the  cephalothorax.  The  Coal-measures  of  Europe  and  North 
America  have  also  yielded  the  remains  of  Scorpions  on  which  the 
genus  Cyclophthabims — including  the  first  fossil  forms  known  to 
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science — was  founded.  In  this  genus  (fig.  435)  the  median  dorsal 
eye-tubercles  are  of  very  large  size,  and  occupy  almost  half  of  the 
cephalothorax  towards  the  anterior  margin,  while  the  lateral  eyes 
form  a  semicircle  behind  and  to  the  sides  of  the  great  dorsal  eyes, 
and  the  palpi  are  developed  into  nipping-claws  of  very  large  size. 
According  to  Mr  Scudder,  the  four  genera  just  mentioned  constitute 
a  special  division  of  the  Scorpions  {Anthracoscorpii),  characterised, 
among  other  points,  by  the  fact  that  the  dorsal  eye-tubercles  are 
either  placed  on  the  anterior  margin  of  the  cephalothorax  or  a  short 
distance  behind  it.    On  the  other  hand,  in  the  Scorpions  of  the 


more  modern  type  {Neoscorpii),  the  median  eye-tubercles  are,  as  a 
rule,  far  removed  from  the  anterior  margin  of  the  cephalothorax,  and 
are  placed  behind  the  lateral  eyes.  It  is  a  singular  fact  that  while 
the  A7ithracoscorpii  are  wholly  confined  to  the  Palaeozoic  rocks,  no 
example  of  the  Neoscorpii  has  hitherto  been  detected  in  the  Mesozoic 
or  in  the  earlier  Kainozoic  deposits.  The  only  known  fossil  repre- 
sentative of  the  Neoscorpii,  in  fact,  is  a  late  Tertiary  form  {Tityus 
eogenus)  which  has  been  discovered  in  amber. 

The  remaining  section  of  the  Pedipalpi  is  that  of  the  Fhrynidea, 
which  differs  from  the  Scorpions  in  the  fact  that  the  cephalothorax 
IS  sharply  separated  from  the  abdomen,  and  is  occasionally  divided 
into  two  distinct  regions.    The  maxillary  palpi  are  greatly  developed, 
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but  terminate  in  claws  or  in  imperfect  pincers,  and  the  abdomen 
does  not  terminate  in  a  "sting."  The  existing  genus  Phrynus  has 
been  detected  in  Tertiary  deposits,  while  the  recent  genus  Thely- 
phonus  is  represented  in  the  Carboniferous  rocks  by  the  genus 
Geralinura. 

5.  Araneida. — This  division  of  the  Arachnida  includes  the  true 
Spiders,  characterised  by  the  soft  and  imperfectly  segmented  ab- 
domen, which  carries  two,  four,  or  six  "  spinnerets  "  posteriorly,  and 
is  united  in  front  with  the  cephalothorax  by  a  constricted  peduncle. 
The  maxillary  palpi  are  slender  and  leg-like,  and  never  terminate  in 
nipping-claws,  while  the  "  falces  "  or  "  mandibles  "  are  hooked,  and 
contain  a  poison-gland  in  their  base.  The  most  ancient  represen- 
tatives of  the  Spiders,  so  far  as  at  present  known,  are  the  Protolycosa 
anthracophila,  and  Phalaranea  borassifolia  of  the  Coal-measures  of 
Europe,  both  of  which  have  been  referred  to  the  section  of  the 
Territelaria.  No  Mesozoic  Spiders  have  hitherto  been  discovered  ; 
but  about  seventy  genera  have  been  recognised  as  occurring  in 
Tertiary  deposits — many  of  them  in  amber.  About  one-half  of  the 
known  Tertiary  genera  of  Spiders  are  without  representatives  at  the 
present  day. 

Class  III.  Myriopoda. 

The  class  of  the  Myriopoda  includes  the  multisegmentate,  worm- 
like Arthropods  known  as  the  Centipedes  and  Millepedes,  and  is 
characterised  by  the  fact  that  the  head  is  distinct,  and  the  remaijider 
of  the  body  is  divided  into  ttearly  similar  segments,  the  thorax  exhibit- 
ing no  clear  line  of  detnarcation  from  the  abdomen.  There  is  one  pair 
of  antennce,  and  the  number  of  the  legs  is  always  more  than  eight  pairs. 
Respi7-ation  is  by  trachece. 

In  this  class  of  the  Arthropoda  the  head  is  always  distinctly 
marked  off  from  the  rest  of  the  body,  and  consists  of  five  or  six 
amalgamated  somites.  The  head  carries  a  single  pair  of  jointed 
antennae,  which  are  usually  simple  (fig.  436),  but  are  bifid,  and 
carry  many-jointed  appendages  in  the  aberrant  genus  Pauropus. 
Behind  the  antennae  there  is  generally  a  variable  number  of  simple 
sessile  eyes.  The  mouth  is  placed  on  the  under  side  of  the  head, 
and  is  provided  with  mandibles  and  maxillae.  The  Centipedes  also 
possess  two  pairs  of  "  foot-jaws,"  of  which  the  hindmost  pair  (fig. 
436,/)  are  of  large  size,  and  are  terminated  by  perforated  hooks, 
which  communicate  with  internally-placed  poison-glands.  These 
appendages,  however,  are  not  carried  upon  the  head,  but  are 
attached  to  a  special  segment  formed  by  the  amalgamation  of  the 
anterior  thoracic  rings.  The  segments  behind  the  head  are  numer- 
ous, and  there  is  no  distinct  line  of  demarcation  between  those 
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which  belong  to  the  thorax  and  those  which  are  referable  to  the 
abdomen.  The  post-cephalic  segments,  with  the  exception  of  the 
last,  usually  carry  a  single  pair  of  jointed  legs  each.  Among  the 
living  Myriopods,  Fauropus  has  only  nine  pairs  of  legs ;  but,  with 
this  exception,  eleven  pairs  of  legs  is  the  smallest  number  possessed 
by  any  existing  type.  In  the  Millepedes  {Diplopoda)  each  apparent 
segment  carries  two  pairs  of  legs  (fig.  437);  but  this  is  really  due  to 


Fig.  436. — LHhobius  forficatus.  Fig.  437. — Udus 
a  recent  Centipede,  enlarged,  and  inaximus,  a  re- 
viewed dorsally.     an,  Antenna  ;  cent  Millepede, 
/i.  Head ;  /,  Foot-jaw. 


the  coalescence  of  the  somites  in  pairs,  each  apparent  segment  being 
in  reality  composed  of  two  amalgamated  somites. 

In  the  abnormal  genus  Fauropus  respiration  is  cutaneous,  but  in 
all  other  living  Myriopods  the  breathing-organs  are  in  the  form  of 
"  tracheae  " — that  is  to  say,  tubes  which  open  on  the  surface  of  the 
body  by  minute  apertures  or  "  stigmata,"  and  which  convey  the  air 
into  the  interior  of  the  body.  In  Feripatus  the  tracheae  open  ex- 
ternally by  irregularly  placed  "  stigmata  "  over  the  whole  surface  of 
the  body.  In  the  Centipedes  the  "stigmata"  are  placed  on  the 
sides  of  the  body  on  alternate  segments.    In  the  Millepedes  {Diplo- 
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and  Archtpolypoda.  The  only  known  representative  of  the  ^'I- 
syngnatha  is  the  genus  Palceocampa,  which  is  found  in  the  Cod 
measures  of  North  America.  The  oldest  Myriopods,  howeve 
belong  to  the  Archipolypoda,  and  remains  of  early  forms  o  this  or dj; 
have  been  described  by  Mr  Peach  as  occurring  in  the  Old  Red 
Sandstone  of  Scotland.  It  is,  however,  in  the  Carboniferous  rocks 
that  this  ancient  group  of  Myriopods  attains  its  maximum  develop- 

r  '^''^  'P'''''  ^'-^^^"g  been  already  described 

trom  the  Coal-measures  of  the  Old  and  New  Worlds.  There  are 
also  a  few  Myriopods  known  to  occur  in  the  Permian  rocks  of 
ilurope,  which  probably  belong  to  the  same  order.  In  the  follow- 
ing a  brief  account  is  given  of  the  four  orders  of  Myriopods  which 
are  known  to  be  represented  by  fossil  forms. 

Order  I.  Protosyngn.^tha.— This  order  comprises  only  the 
single  genus  Palceocampa,  of  which  only  a  single  species  (P 
anthrax)  has  been  hitherto  recorded.    In  this  remarkable  genus 
(hg.  438)  the  body  is  comparatively  short  and  worm-like,  consistincr 
of  few  segments,  each  body-ring  being  furnished  with  a  single  dorsal 
and  ventral  plate.    Each  segment  carries  a  pair  of  stout  fleshy  legs 
and  the  upper  surface  is  furnished  with  large  tubercles,  each  of 
which  supports  a  cluster  of  long  needles,  and  which  are  arranged  in 
longitudinal  rows.    The  sole  known  species  oi  Palceocampa  is  found 
in  the  Coal-measures  of  Illinois ;  and  the  possession  of  the  bundles 
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Order  IL  CHiLOPODA.-This  or^^^^^^  ^^^-^^^ 

pedes  (fig.  436),  ^l^^'^^^^T  t^H  Ca  dorsal^late  above,  and  a  cor- 
Lh  body-ring  bemg  p^^^^^^^^^^^^^  of  thoracic 

responding  ventral  plate  below.  ^^^^^  of 

app'endages  ^  ^rl  bd"^^^^^^^  with  pLon-glands. 
large  size  and  hooked,  and  tDeing  of  jointed  legs  each, 

All  the  remaining  body-rings  ^'-^"^  ^/^"S;'^ ^,1  ernate  segments, 
and  the  tracheal  stigmata       ^^^f  ^  ^f^f  Z  of  the  body' 
The  generative  organs  open  at       PO^^^^^^^^^    ^  proavus  of 

With  the  exception  of  the  P^o/^^^^";  ^he  oldest  known 
the  Lithographic  Slates  (Jurassic)  of  Germany,  tne 


enlarged  twice.  (Afi 

fs  cha-terised  as  follows  :  The  body  in  the  ^rc  -po^^da^^^^^ 
form  and  elongated,  composed  of  many  segments,  and  thickest  in 
■   he  anterior  half  or  'third.  The  cephalic  appendages  are  bome  upo 
I  single  apparent  segment.    The  body-segments  aix  prov  d^^^^^ 
with  a  pair  of  ventral  plates  and  a  more  or  less  f  ^f  ^^^"^^^^^ 
"the  latter  occupying  the  upper  surface  and  mos  of       s.^es  ^^e 
body,  and  divided  more  or  less  conspicuously  into  a  "dged  f  teri^ 
and';  lower  posterior  portion,  the  anterior  [-^-"^1^  ^r^X  each 
or  tubercles."    The  ventral  plates  are  as  broad  as  he  body  each 
bearing  a  pair  of  long  corneous  legs,  approximated  at  the  base,  ana 
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and  it  is  not  known  to  have  ^n?  """' 
the  Mesozoic  or  Kainozoic  rockl    Thf  representatives  in 

^..^.>/,,^^„  a,  presem  .  j;;^^^^^^^^^ 

as  occurring  in  the  OM  P     c    a  .        recoraed  by  Page  and  Peach 

AnkUesZv  With  fhfse  exl-T'  °  S^o""""  (^"'-f'-ns  and 
are  either  cLboniSot  ^rTe  Sin'" 'e'  Th^^ 

are  divided  eirh  in£  ?     ^^Phoberm  (fig.  439    the  dorsal  shields 

of  large  spmes  wh.ch  are  forked  and  terminate  in  s  mp  e  ends 
The  species  of  ^.^^.W  are  found  in  the  Coal-measures  of  North 


ofri;f-ntfuV7l':S'a°e^  M:e\°fj;d  W^"^^^^^^^^  Coal-measures  of  Illinois, 

by  the  breaking  off  of  the  dorsal  spines        ^"      ^  ^^"^  °"  ^^^'^'ds  are  pits  left 


-.       .  a.tc  ^.iiicr  ivieeK  ana  vvoi 

by  the  breaking  off  of  the  dorsal  spines 

America  and  Britain.  The  genus  Acantherpestes  includes  Carbon- 
iferous Myriopods  which  differ  from  Euphoberia  chiefly  in  havin- 
the  spines  bifurcated  at  the  tip,  though  there  are  other  characters 
of  difference  as  well.  Acantherpestes  major,  of  the  Coal-measures 
of  Illinois,  attained  a  length  of  about  a  foot,  and  "was  armed  with 
coarse  branching  spines  more  than  a  centimetre  long "  (Scudder) 
Mr  Scudder  regards  this  species  as  having  been  amphibious  in 
habit  as  he  considers  that  certain  lateral  openings  which  it  exhibits 
were  branchial  in  character. 

The  genera  Archiuhis  and  Xylobius  constitute  a  special  family 
{Archtulidce)  of  the  Archipolypoda,  characterised  by  the  fact  that  the 
dorsal  plates  are  "  closely  consolidated,  but  still  distinctly  separable," 
though  the  anterior  is  rarely  much  elevated  above  the  posterior 
sub-segment.  The  body  is  "almost  smooth  or  covered  more  or 
less  abundantly  with  serially  disposed  papilte,  from  which  in  some 
cases  hairs  or  small  spines  arise"  (Scudder).  These  genera  are 
closely  allied  in  some  respects  to  the  Millepedes  (Diplopoda),  though 
they  would  seem  on  the  whole  to  be  properly  referable  to  a 
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septate  order.    In  An^^^'^^^^  ::^^S:rS 
frnm  two  to  three  times  broader  tnan  long,  '"..a 
ironi  n\o  lu  ^,        ^  known  species  of  this 

a  few  bristle-beanng  papilte.    The  best  Known  y 

genus  have  been  found  in  the 
Coal-measures  ;  but  some  im- 
perfectly described  Myriopods 
from  the  Permian  rocks  of 
Bohemia  may  also  belong 
here.  The  genus  Xylobius  re- . 
sembles  Archiuhis  in  general 
features,  but  the  segments  are 
divided  by  longitudinal  su- 
tures into  numerous  quadrate 
sections.  All  the  known 
species  of  this  genus  are  from 

1-hp  Toal-meaSUreS.  Fig.  i,i,o.-Xylobms  SigiUari^,  a  Carboniferous 

tne  UOai  meclbUl  Cb.  Mvriopod  (after  Dawson),    a.  Natural  size  ;  h,  An- 

OrDER      IV.      DiPLOPODA     terior  portion,  enlarged  ;      Posterior  portion,  en- 

(Chilogn.\tha).— This  order  i^rged. 

includes    the    recent    Mille-  ,     1.  •,    •  .„oiKr 

pedes,  and  is  characterised  by  the  fact  that  the  body  is  usually 
cylindrical,  and  the  body-rings  (except  the  most  anterior  ones)  are 
fused  in  pairs,  each  apparent  segment  thus  coming  to  carry  two 
pairs  of  legs.  The  legs  are  small  and  spring  from  the  under  sur- 
face of  the  segments,  and  each  apparent  ring  carries  a  pair  ot 
stigmata.  There  are  no  "foot-jaws,"  and  the  generative  apertures 
are  placed  anteriorly,  at  the  base  of  the  second  or  third  pair  ot 

The  oldest  known  fossil  representative  of  the  Diplopoda  a 
form  {lulopsis  cretacea)  which  has  been  described  from  the  Creta- 
ceous rocks  of  Greenland.  All  the  other  hitherto  recorded  fossil 
Millepedes  are  of  Tertiary  age,  the  majority  of  the  known  types 
having  been  found  in  amber. 
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CHAPTER  XXXII. 

A  H  THR  O  POD  A  —  continued. 
Class  IV.  Insecta. 

The  Insecta  are  defined  as  Articulate  animals  in  which  the  head, 
thorax,  and  abdomen  are  distinct;  there  are  three  pairs  of  legs  borne 
on  the  thorax ;  the  abdomen  is  destitute  of  legs ;  a  single  pair  of 
antennce  is  present ;  mostly,  there  are  two  pairs  of  wings  on  the 
thorax.     Respiration  is  effected  by  trachea. 

The  integument  of  the  Insecta,  in  the  mature  condition,  is  more 
or  less  hardened  by  the  deposition  of  chitine,  and  usually  forms  a 
resisting  exoskeleton,  to  which  the  muscles  are  attached.  The 
segments  of  the  head  are  amalgamated  into  a  single  piece,  which 
bears  a  pair  of  jointed  feelers  or  antennae,  a  pair  of  eyes,  usually 
compound,  and  the  appendages  of  the  mouth.  The  segments  of 
the  thorax  are  also  amalgamated  into  a  single  piece;  but  this, 
nevertheless,  admits  of  separation  into  its  constituent  three  somites 
(fig.  441).  These  are  termed  respectively,  from  before  backwards, 
the  "prothorax,"  "  mesothorax,"  and  "  metathorax,"  and  each  bears 
a  pair  of  jointed  legs.  In  the  great  majority  of  Insects,  the  dorsal 
arches  of  the  mesothorax  and  metathorax  give  origin  each  to  a  pair 
of  wings. 

Each  leg  consists  of  from  six  to  nine  joints.  The  first  of  these, 
which  is  attached  to  the  sternal  surface  of  the  thorax,  is  called  the 
"  coxa,"  and  is  succeeded  by  a  short  joint,  termed  the  "  trochanter." 
The  trochanter  is  followed  by  a  joint,  often  of  large  size,  called  the 
"  femur,"  succeeded  by  the  so-called  "  tibia,"  and  this  has  articulated 
to  it  the  "  tarsus,"  which  may  be  composed  of  from  one  to  five 
joints. 

The  wings  of  Insects  are  expansions  of  the  sides  of  the  meso-  and 
meta-thorax,  these  expansions  being  supported  by  slender  but  firm 
tubes,  known  as  the  "  nervures."  Each  nervure  consists  of  a  cen- 
tral trachea  or  air-tube,  running  in  the  centre  of  a  larger  blood-tube  ; 
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so  that  the  wings  not  only  act  as  organs  of  flight,  but  at  the  same 
time  assist  in  the  process  of  respiration.  Normally,  two  pairs  of 
wings  are  present,  but  one  or  other  may  be  wanting. 

The  arrangement  of  the  "  nervures  "  of  the  wings  is  definite  and 
characteristic  in  different  groups  of  the  Insects.  In  the  most  typical 
forms  of  wing,  as  in  the  Orthoptera  (fig.  442,  a),  there  are  six  prin- 
cipal veins,  which  arise,  in  groups  of  three,  from  two  principal  roots, 

one  anterior  and  the  other 
posterior.  According  to 
the  nomenclature  followed 
by  Heer  and  Scudder, 
these  six  principal  veins 
are  termed,  from  before 
backwards,  the  marginal, 
mediastinal,  scapular,  ex- 
ternomedian,  internomed- 
ian,  and  anal  veins.  The 
general  arrangement  of 
these  veins  (fig.  442,  a)  is 
as  follows  :  "  The  margi- 
nal vein  {ind)  is  placed  at, 
or  close  to,  the  anterior 
margin  of  the  wing;  and 
"  the  '  mediastinal '  and 
'  scapular '  veins,  which 
are  superior  {i.e.,  part  from 
the  main  vein  on  the  upper 
or  anterior  side),  terminate 
upon  the  anterior  margin. 
The  '  internomedian '  and 
'anal'  take  the  opposite 
course,  and  their  branches 
are  inferior,  or,  at  least, 
directed  towards  the  inner 
margin  ;  while  the  '  exter- 
nomedian,'  which  is  inter- 
posed between  these  two  sets,  terminates  at  the  tip  of  the  wing, 
and  branches  indifferently  on  either  side"  (Scudder).  In  some 
groups  of  the  Insects  there  may  be  a  suppression  of  certain  of 
these  six  primary  veins,  and  the  above  general  arrangement  is  liable 
to  characteristic  modifications  in  different  cases.  The  value  of  the 
characters  derived  from  the  neuration  of  the  wings  is,  however,  im- 
paired by  the  fact  that  entomologists  have  not  adopted  a  uniform 
nomenclature  of  the  nervures  in  different  orders  of  the  Insecta. 
In  the  Coleoptera  (Beetles)  the  wings  of  the  anterior  pair  become 


Fig.  441. — Diagram  of  the  external  anatomy  of  an 
Insect,  a.  Head  carrying  the  eyes  (o)  and  antennae  (an) ; 

b,  First  segment  of  the  thorax,  with  the  first  pair  of  legs ; 

c.  Second  segment  of  the  thorax,  with  the  second  pair 
of  legs  and  the  first  pair  of  wings  ;  d,  Third  segment  of 
the  thorax,  with  the  third  pair  of  legs  and  the  second 
pair  of  wings  ;  e,  Abdomen,  without  limbs,  but  carrj'ing 
terminal  appendages  concerned  in  reproduction;  f. 
Femur  ;  t.  Tibia ;  ta,  Tarsus. 
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hardened  by  the  deposition  of  chitine,  so  as  to  form  two  protective 
cases  for  the  hinder  membranous  wings.  In  this  condition  the 
anterior  wings  are  known  as  the  "  elytra,"  or  "  wing-cases."  _  In 
some  of  the  Hemiptera  this  change  only  affects  the  inner  portions 
of  the  anterior  wings,  the  apices  of  which  remain  membranous,  and 


Fig.  442. — A,  Schematic  view  of  the  right  anterior  wing  of  a  Pateozoic  Cockroach,  greatly 
enlarged.    (After  Scudder.)  "  Marginal "  vein,  which  in  this  case  merely  thickens  the 

margin  of  the  wing;  mc,  "Mediastinal"  vein;  sc,  "Scapular"  vein;  cx,  "  Externoniedian " 
vein;  in,  "  Internomedian  "  vein  ;  an,  "Anal"  vein,  b,  Anterior  wing  of  Butterfly  (Castnia 
veraguana),  enlarged;  co,  "Costal"  vein;  sit,  "Subcostal"  vein;  sc,  "Scapular"  vein;  cx. 
Branches  of  the  "  externomedian  "  vein;  in,  "Internomedian"  vein;  vi.  Internal"  vein. 
(After  J.  0.  Westwood.) 


to  these  the  term  "  hemelytra  "  is  applied.  In  the  Diptera  the  pos- 
terior pair  of  wings  are  rudimentary,  and  are  converted  into  two 
capitate  filaments,  called  "  halteres  "  or  "  balancers."  In  the  Strep- 
siptera  the  anterior  pair  of  wings  are  rudimentary,  and  are  converted 
into  twisted  filaments. 
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The  typical  number  of  somites  in  the  abdomen  of  the  hisecta  is 
ten  or  eleven,  and  this  number  can  sometimes  be  recognised  in  the 
Orthoptera  and  some  other  forms.  In  the  Hymenoptera  and  Lepi- 
doptera  not  more  than  nine  or  ten  can  be  recognised,  and  in  many 
cases  even  fewer  can  be  made  out.  The  abdominal  somites  are 
usually  more  or  less  freely  movable  upon  one  another,  and  never 
carry  locomotive  limbs.  The  extremity  of  the  abdomen  is,  however, 
commonly  furnished  with  appendages,  which  are  connected  with  the 
generative  function,  and  not  infrequently  serve  as  offensive  and  de- 
fensive weapons.  Of  this  nature  are  the  ovipositors  of  Ichneumons 
and  other  insects,  and  the  sting  of  Bees  and  Wasps.  In  the  Earwig 
{Forficuld)  these  caudal  appendages  form  a  pair  of  forceps ;  whilst 
in  many  insects  they  are  in  the  form  of  bristles,  by  which  powerful 
leaps  can  be  effected,  as  is  seen  in  the  Spring-tails  {Fodurce). 

Generally  speaking,  the  young  insect  is  very  different  in  external 
characters  from  the  adult,  and  it  requires  to  pass  through  a  series 
of  changes,  which  constitute  the  "  metamorphosis,"  before  attaining 
maturity.  In  some  Insects,  however,  there  appears  to  be  no  meta- 
morphosis, and  in  some  the  changes  which  take  place  are  not  so 
striking  or  so  complete  as  in  others.  By  the  absence  of  metamor- 
phosis, or  by  the  degree  of  its  completeness  when  present.  Insects 
are  divided  into  sections,  called  respectively  A7netabola,  Hemimeta- 
bola,  and  Holometabola,  which,  though  not,  perhaps,  of  a  very  high 
scientific  value,  are  nevertheless  very  convenient  in  practice. 

The  "  Ametabolic "  Insects  are  those  which  have  no  proper 
"  metamorphosis,"  the  young  stages  of  the  Insect  resembling  the 
adult  in  all  essential  points  except  in  size.  This  absence  of  a  meta- 
morphosis is  only  seen  in  Insects  which  are  destitute  of  wings  in 
the  adult  condition,  and  which  are  therefore  often  spoken  of  as  the 
Aptera.  In  the  so-called  "  Hemimetabolic  "  Insects,  where  an  "  in- 
complete" metamorphosis  exists,  the  young  insect  is  at  first  very 
different  from  the  adult,  and  in  the  process  of  conversion  into  the 
latter  it  undergoes  changes  of  form,  while  it  at  the  same  time 
remains  capable  of  locomotion  and  of  nourishing  itself.  In  its  first 
condition,  after  emergence  from  the  egg,  it  is  known  as  a  "  larva," 
and  at  this  stage  it  presents  no  traces  of  wings.  In  its  second  con- 
dition— the  stage  of  the  "pupa" — it  possesses  rudimentary  wings, 
but  is  still  active  and  feeds.  In  its  third  stage,  as  the  perfect  insect 
or  "  imago,"  the  wings  are  fully  developed,  and  the  insect  acquires 
the  power  of  flight.  Lastly,  the  Insects  which  undergo  a  "  complete  " 
metamorphosis,  and  which  are  therefore  said  to  be  "  holometabolic,'" 
pass  through  the  same  series  of  changes  as  those  observed  in  the 
case  of  the  Hemimetabolic  forms,  but  the  larva,  pupa,  and  imago 
differ  from  one  another  more  widely  than  is  the  case  in  the  latter, 
and  the  insect  in  the  "  pupa  "  stage  is  quiescent  and  does  not  feed. 


INSECTA. 


The  great  majority  of  existing  Insects  are  terrestrial  in  habit,  and 
ahiiost  all  of  those  which  are  aquatic  are  inhabitants  of  fresh  water. 
For  these  reasons,  the  remains  of  Insects  are  by  no  means  abund- 
antly preserved  in  the  fossil  condition,  and  are  chiefly  found  in 
association  with  deposits  of  coal,  or  in  lacustrine  or  fluviatile  strata. 
Moreover,  the  remains  of  this  class  of  Arthropods  are  generally 
found  (except  when  preserved  in  amber)  in  a  more  or  less  frag- 
mentary condition,  and,  under  any  circumstances,  they  cannot  be 
satisfactorily  deciphered  except  by  practised  workers  in  the  depart- 
ment of  Entomology.  Between  two  and  three  thousand  species  of 
fossil  Insects  have  been  already  described,  but  for  the  reasons  just 
stated,  it  would  be  impossible  here  to  deal  with  these  in  even  a  very 
general  manner.  The  student  desirous  of  acquiring  a  detailed  know- 
ledge of  the  fossil  Insects  must  have  recourse  to  special  works  on 
the  subject,  and,  especially,  to  the  admirable  treatises  published  by 
Mr  Scudder  (see  'Literature  of  Insecta').  All  that  can  be  at- 
tempted here  is  to  give  a  brief  outline  of  the  general  geological 
distribution  of  the  class,  and  of  the  leading  characters  and  range  in 
time  of  the  great  orders  of  Insecta. 

As  regards  the  general  geological  distribution  of  the  Insecta,  the 
oldest  known  insect  is  the  Palaoblattiiia  Dorwillei,  recently  described 
by  Brongniart  from  rocks  belonging  to  the  inferior  portion  of  the 
Silurian  (Upper  Silurian)  rocks  of  France.  With  the  exception  of 
this  ancient  type,  the  earliest  ren:iains  of  Insects  are  found  in  the 
Upper  Devonian  rocks  of  North  America.  "  It  is,  however,  only 
when  we  reach  the  productive  Coal  -  measures  that  we  arrive  at 
insect-faunas  of  considerable  extent,  such  as  those  especially  of 
Commentry  in  France  and  of  Mazon  Creek  in  Illinois.  Other  con- 
siderable deposits  are  found  in  the  Coal-fields  of  the  Saarbriick  and 
Wettin  basins  of  Germany,  the  Belgian  and  British  Coal-fields,  and 
in  America  the  Coal-basins  of  Nova  Scotia  and  Pennsylvania.  The 
Permian  offers  comparatively  few  species,  but  some  of  these  are  of 
particular  interest  {e.g.,  Eugereon),  and  the  Trias  is  almost  wanting 
in  fossil  insects,  except  in  the  South  Park  of  Colorado,  where  about 
twenty  species  have  recently  been  obtained,  affording  transitional 
forms  among  the  Cockroaches.  Later  Mesozoic  deposits  have 
yielded  nothing  in  America,  but  much  in  England,  where  nearly  all 
the  strata  from  the  Lower  Lias  to  the  Wealden  have  been  pro- 
ductive. On  the  Continent  of  Europe  proHfic  Liassic  deposits  have 
been  discovered  at  Dobbertin  in  Germany  and  Schambelen  in  Swit- 
zerland, while  the  Oolitic  beds  of  Solenhofen  are  world-renowned. 
Scanty  returns  have  come  from  the  Cretaceous,  but  the  early  Ter- 
tiaries  have  yielded  an  abundant  harvest  in  the  amber  deposits  of 
the  Baltic  shore,  the  marls  of  Aix,  and  in  America  at  Florissant  and 
Green  River,  while  the  Middle  Tertiaries  of  Oeningen,  Radoboj, 
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Parschlug,  and  Auvergne,  and  the  Rhenish  Brown  Coals  have  been 
scarcely  less  prolific  "  (Scudder). 

All  the  known  Palaeozoic  Insects  are  referred  by  Mr  Scudder  to 
"  a  single  homogeneous  group  of  generalised  Hexapods,"  which  this 
eminent  authority  has  named  Palaodictyoptera^  and  which  "  should 
be  separated  from  later  types  more  by  the  lack  of  those  special 
characteristics  which  are  the  property  of  existing  orders  than  by 
any  definite  peculiarities  of  its  own."  With  the  exception  of  a  few 
forms  from  the  Trias  of  North  America,,  which  are  allied  to  the 
Cockroaches,  all  the  types  included  by  Scudder  under  the  name  of 
Palaodidyoptera  are  restricted  to  the  Palaeozoic  period.  Of  the 
modern  orders  of  Insects,  the  great  divisions  of  the  Orthoptera^ 
Neiiroptera,  and  Coleoptera  possess  representatives  in  rocks  of 
Triassic  age ;  while  the  Hemiptera,  Diptera,  Lepidoptera,  and 
Hymenoptera  existed  under  well-marked  forms  in  the  Jurassic 
period. 

In  the  following  brief  summary  of  the  orders  of  Insects,  with  more 
especial  reference  to  their  geological  history,  Mr  Scudder's  treatise 
on  fossil  Insects  in  Zittel's  '  Handbuch  der  Palaeontologie '  has  been 
followed,  with  some  variation  as  to  the  classification  adopted  : — 


Division  A.  Ametabolic  Insects. 

Of  the  four  existing  orders  of  Ametabolic  or  Apterous  Insects, — 
viz.,  the  Anoplura  ("Lice"),  Mallophaga  ("Bird-lice"),  Collevi- 
bola  ("  Springtails  "),  and  Thysanura, — only  the  last  two  are  known 
to  be  represented  by  fossil  forms,  and  these  only  in  deposits  of 
Tertiary  age.  Thus,  forms  allied  to  the  existing  Podura  and 
Sinynthurus  have  been  recorded  as  occurring  in  amber  (early 
Tertiary),  while  a  species  of  the  recent  genus  Lepisma  has  been 
similarly  preserved,  along  with  a  number  of  other  allied  but  extinct 
types.  The  Oligocene  deposits  of  Florissant,  Colorado,  have  also 
yielded  examples  of  insects  belonging  to  the  order  Thysanura. 


Division  B.  Hemimetabolic  Insects. 

Order  I.  Pal^odictyoptera. — This  order  has  been  founded 
by  Mr  Scudder  for  the  reception  of  a  number  of  Palaeozoic  and  a 
few  Triassic  Insects,  with  the  following  characters  :  "  Body  generally 
elongated,  mouth-parts  variously  developed ;  antennae  filiform.  Tho- 
racic joints  subequally  developed;  legs  moderately  long.  Meso- 
thoracic  and  metathoracic  wings  closely  similar,  equally  mem- 
branous; the  six  principal  veins  (fig.  442,  a)  always  developed,  the 
marginal  simple,  and  forming  the  costal  border,  the  mediastinal 
simple  or  with  superior  branches  only;  the  other  veins  usually 
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dichotomise ;  stout  and  well-defined  cross-veins  rare ;  membrane 
generally  reticulate.  Wings  in  repose  lying  on  the  abdomen,  the 
anal  area  of  the  hind-wings,  though  usually  of  great  distal  extension, 
never  plaited,  though  sometimes  broadly  folded.  Abdomen  usually 
long  and  slender,  the  last  joint  often  furnished  with  simple  articu- 
lated appendages  "  (Scudder). 

The  Palceodidyoptera,  as  above  defined,  comprise  generalised 
Insects,  in  which  there  was  an  "  incomplete  "  metamorphosis,  and 
the  four  wings  were  membranous,  equally  developed,  and  charac- 
terised by  a  simple  type  of  neuration.  Mr  Scudder  recognises 
within  the  limits  of  the  Palaodictyoptera  four  principal  types  of 
structure,  representing  the  existing  orders  of  the  Orthoptera,  Neu- 
roptera,  Hemiptera,  and  Coleoptera,  and  in  accordance  with  this 
he  has  divided  the  order  into  four  primary  groups  (the  Orthopteroid, 
Neuropteroid,  Hemipteroid,  and  Coleopteroid  groups).  The  earliest 
known  form  of  the  Palceodictyoptera  is  the  PalcBoblattina  Douvillei 
of  the  Silurian  rocks  of  Calvados,  which  is  at  present  the  most 
ancient  representative  of  the  entire  class  of  the  Insects,  and  the 
affinities  of  which  are  uncertain.  Other  forms  of  the  order  appear 
in  the  Upper  Devonian  rocks  of 
North  America ;  numerous  Carbon- 
iferous and  a  few  Permian  forms 
are  known ;  and  the  last  represen- 
tatives of  the  order  appear  in  the 
Triassic  rocks  of  North  America. 

The  Orthopteroid  section  of  the 
Palaodictyoptera  includes  a  group  of 
forms  representing  the  modern  Cock- 
roaches, and  a  second  group  which 
shows  relationships  to  the  existing 
"Stick-insects"  {Phasmidce).  Apart 
from  the  Silurian  genus  PalcBoblat- 
tina,  various  Carboniferous  types 
are  known  which  are  allied  to  the 
existing  Cockroaches,  but  differ 
from  these  in  the  neuration  of  the 
wings;  and  upon  such  have  been 
founded  the  genera  Archivtyiacris, 
Mylacris,  Progonobiaitina  (fig.  443), 
Etoblattina,  &c.  Of  these,  the  last- 
mentioned  genus  occurs  also  in  the 
Trias  of  North  America,  along  with 
other  allied  forms.  The  precursors  of  the  modern  Phasmidce  are 
the  "  Protophasmids  "  of  the  Carboniferous  rocks,  comprising  various 
genera  which  resemble  the  existing  "  Stick-insects  "  in  the  form  of 
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Fig.  443- — Progonoblattina  helvetica^  an 
Orthopteroid  type  of  the  Paltcodictyoptcra, 
from  the  Carboniferous  rocks  of  Switzer- 
land, restored.    (After  Heer.) 
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the  body,  but  in  which  the  wings  have  the  characteristic  features  of 
those  of  the  Palaodictyoptera  generally,  being  equally  developed, 
with  a  simple  neuration,  the  anterior  pair  being  unthickened  and 
transparent.    The  two  best  known  genera  of  this  group  are  Titano- 


Fig.  444. — Haplopklebium  Barnesii  (after  Dawson).    From  the  Carboniferous  rocks 
of  Canada,    n,  Profile  of  base  of  wing. 

phasma  and  P?'otophasma,  both  from  the  Carboniferous  rocks.  The 
same  formation  has  also  yielded  a  number  of  other  allied  tj'pes, 
upon  which  have  been  founded  the  genera  Dictyoneura,  Haplophle- 
biiun  (fig.  444),  Paolia,  Breyeria,  &c. 

The  Neuropteroid  section  of  the  Palceodidyoptera  includes  a  num- 
ber of  Palaeozoic  insects,  which 
appear  upon  the  whole  to  be 
most  nearly  allied  to  the  existing 
May  -  flies  {Epheineridce).  The 
most  ancient  types  of  this  section 
appear  in  the  Upper  Devonian 
rocks  of  Canada,  and  upon  these 
have  been  founded  the  genera 
Platephemera  (fig.  445),  Homothe- 
tus,  Xenoneura,  and  Lithentotmun. 
A  number  of  allied  types,  which 
have  been  referred  to  such  genera 
as  Miamia,  Lithomantis,  Hemeristia,  &c.,  have  been  detected  in  the 
Coal-measures  of  both  Europe  and  North  America. 

Of  the  Hemipteroid  section  of  the  Palaodictyoptera  the  most 
remarkable  type  is  the  Permian  genus  Eugereon  (fig.  446).  In  this 
remarkable  genus  the  mouth-organs  are  lancet-shaped,  the  antennje 
are  slender  and  many-jointed,  and  the  front  and  hind  wings  are 


^ig-  445- — Wing  oK  Platephemera  antigua, 
from  the  Upper  Devonian  rocks  of  Canada. 
(After  Dawson.) 
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of  large  size,  transparent,  and  essentially  similar  in  form  and  neura- 
tion.  The  Permian  genus  Fulgorina  is  allied  to  the  preceding; 
whereas  in  the  Phthanocoris  of  the  Coal-measures,  the  front  wings 
differ  in  character  from  the  hind  wings,  and  assume  the  features  of 
"  hemelytra." 

Lastly,  Mr  Scudder  forms  a  section  of  "  Coleopteroid "  Pala- 
odictyoptera  for  the  reception  of  Palseozoic  insects,  which  may  be 
regarded  as  precursors  of  the  modern  Beetles  {Coleoptera),  and 


Fig.  ^^6.—Eugereon  BSckingi,  from  the  Lower  Permian  rocks  of  Germany.    (After  Dohrn— 

copied  from  Zittel  ) 


which  resemble  the  latter  in  having  the  anterior  pair  of  wings 
hardened  by  chitine  so  as  to  form  cases  ("  elytra ")  for  the  pro- 
tection of  the  membranous  hind-wings.  The  existence  of  insects  of 
this  type  in  the  Carboniferous  period  is  shown  by  the  presence  in 
fossil  wood  from  the  Coal-measures  of  borings  similar  to  those 
produced  by  existing  Beetles.  The  elytra  of  Coleopteroid  in- 
sects have  also  been  recently  discovered  in  the  Carboniferous 
rocks  of  Silesia,  but  the  characters  of  these  have  not  yet  been  fully 
determined. 

Order  II.  Rhynchota  {Hemipterd).— Mouth  suctorial,  beak- 
s  taped,  consisting  of  a  jointed  rostrum,  composed  of  the  elongated 
labium  afid  labial  palpi,  which  together  form  a  jointed,  tubular  sheath 


596 


ARTHROPODA. 


for  the  bristle-shaped,  styliform  mandibles  and  maxillcB.  Eyes  com- 
pound, usually  zvith  ocelli  as  ivell.  Two  pairs  of  wings  in  most ; 
sometimes  wanting.    Pupa  generally  active. 

The  recent  Rhynchota  are  of  very  varied  habit,  and  they  may  be 
divided  into  two  principal  sections  in  accordance  with  the  structure 
of  the  wings.  In  one  great  section  of  the  order  {Homoptera)  the 
anterior  and  posterior  wings  are  both  membranous,  the  former  being 
simply  of  firmer  texture  than  the  latter.  To  this  section  belong 
such  existing  types  as  the  Aphides,  the  Cicadas  (fig.  447,  c),  the 
Lantern-flies,  &c.  In  the  other  great  section  of  the  order  (Heter- 
optera)  the  anterior  wings  are  hardened  at  their  bases  by  chitine  and 
remain  membranous  towards  their  apices  (fig.  447,  b),  constituting 


Fig.  447.-Recent  Rhynchota.  A,  Tlirips,  enlarged  ;  B,  Ne^a  cinerea,  enlarged  ;  c,  Cicada 
An/licaVxh^  wings  on  the  right  side  of  the  body  being  omitted  ;  D,  Larva  of  the  same  ,  e,  Pupa 
of  the  same.    (Figs,  c,  D,  and  E  are  after  Westwood.) 


protective  cases  ("  hemelytra")  for  the  wholly  membranous  hind 
wings.  In  this  section  are  included  the  numerous  forms  of  Land- 
bugs  and  Water-bugs.  r  ^.  m  1.  ^ 
As  regards  their  geological  distribution,  the  place  of  the  Rhynchota 
in  the  Palaeozoic  rocks  is  taken  by  the  Hemipteroid  forms  of  the 
PalcBodidyoptera.  In  the  Jurassic  rocks,  however,  appear  for  the 
first  time  well-marked  representatives  of  both  the  above-mentioned 
sections  of  the  order ;  the  Homopterous  forms  being  represented  by 
tvpes  allied  to  the  Cicadas,  while  the  Heteropterous  division  is 
represented  by  forms  closely  allied  to,  or  identical  with,  the  existmg 
Water-scorpions  {Nepa)  and  the  Land-bugs.  The  little  Plant-lice 
(Aphis,  &c.)  appear  in  the  Cretaceous  rocks  (Wealden) ;  and  a  vast 
number  of  Tertiary  types  of  the  Rhynchota  have  been  described, 
most  of  these  presenting  no  marked  peculiarities  as  compared  with 
living  types     The  Palceontina  oolitica  of  the  Stonesfield  Slate  ot 
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England,  regarded  by  Mr  Butler  as  being  a  Butterfly,  is  considered 
by  Mr  Scudder  as  truly  a  Cicada. 

Order  III.  Orthoptera. — rin  this  order  the  mouth  is  mastica- 
tory ;  the  luings  are  four,  sometimes  tvanting,  the  anterior  pair  mostly 
smaller  than  the  posterior  and  of  a  semi-coriaceous  or  leathery  consist- 
ence. The  posterior  wings,  when  not  in  use,  are  plaited  longitudinally 
like  a  fan  or  may  be  transversely  folded.  The  interspaces  between  the 
nervures  are  filled  with  transverse  reticulations,  and  the  anal  area  of 
the  zving  is  of  large  size.  The  antenna  are  usually  filifor}?i,  and  the 
females  are  usually  provided  with  an  ovipositor. 

The  earliest  types  of  the  Orthoptera  appear  in  the  Trias,  where 
the  order  is  represented  by  several  forms  of  Cockroaches.  In  the 
Jurassic  rocks  are  found  forms  belonging  to  the  families  of  the  Ear- 
wigs {Baseopsis,  of  the  Lias),  the  Locusts  {Gryllacris  and  Locusta), 
and  the  Crickets  {Gry litis),  while  the  Grasshoppers  (^Acrididce)  are 
doubtfully  represented  in  deposits  of  Mesozoic  age.  All  the  pre- 
ceding families  continue  to  be  well  represented  in  the  Tertiary 
rocks,  and  in  deposits  of  this  age  appear  also  forms  belonging  to 
the  families  of  the  Mantidce  and  Phasmidce. 

Order  IV.  Neuroptera. — Mouth  usually  masticatory ;  tvings 
four  in  number,  all  membranous,  generally  nearly  equal  in  size, 
traversed  by  numerojis  delicate  nervures,  ivhich  have  a  longitudinal 
and  transverse  directioti,  thus  giving  them  a  reticulated,  lace-like 
aspect  (fig.  448).  Metamorphosis  in  some  groups  incomplete,  in  other 
groups  complete.  The  larva  active,  hexapod,  the  pjipa  active  or 
quiescent. 

The  insects  included  in  the  order  Neuroptera  differ  so  widely 
in  their  characters,  habits,  and  metamorphoses  that  they  may  be 
divided  into  the  three  primary  groups  of  the  Pseudoneuroptera,  the 
Neuroptera  vera,  and  the  Trichoptera,  of  which  the  first  consti- 
tutes a  transitional  group  between  the  typical  Neuroptera  and  the 
Orthoptera. 

The  Pseudoneuroptera  are  characterised  by  their  incomplete  meta- 
morphosis, the  larvae  being  commonly  inhabitants  of  water,  and  the 
pupfe  being  active.  Of  the  groups  included  in  this  section  of  the 
order,  the  Termites  or  "  White  Ants "  are  represented  in  rocks  as 
old  as  the  Lias,  and  abounded  in  Tertiary  times.  The  May-flies 
{Ephemeridce)  and  the  Dragon-flies  {Libellulidce)  likewise  commenced 
their  existence  in  the  Jurassic  rocks,  and  have  many  Tertiary  repre- 
sentatives. Beautifully  preserved  examples  of  the  Dragon-flies  have 
been  yielded  by  the  fine-grained  Lithographic  Slates  of  Solenhofen 
(fig.  448),  while  still  older  forms  have  been  recognised  in  the  Lias. 
Lasdy,  the  family  of  the  Perlidce,  including  the  recent  "  Stone-flies," 
IS  represented  in  the  Eocene  Tertiary. 

The  group  of  the  Neuroptera  vera  includes  those  members  of 
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the  order  in  which  there  is  a  complete  metamorphosis,  the  pupa 
being  inactive,  and  comprises  the  Ant-lions  {Myrmeleontidtz),  the 
Aphis-Hons  {Hemerobiida),  the  Scorpion-flies  (Panorpidce),  and  the 
SialidcB.  The  first  of  these  groups  is  doubtfully  known  by  fossil 
forms  in  the  Tertiary  rocks,  but  the  three  last  have  representatives 
in  the  Jurassic  rocks,  and  are  also  found  more  or  less  abundantly  in 
deposits  of  Tertiary  age. 

Lastly,  the  group  of  the  Trichoptera  comprises  the  Caddis-flies 
{Fhryganeida),  in  which  the  anterior  wings  are  generally  hairy,  the 
larvse  are  aquatic  and  usually  reside  in  tubular  cases  formed  of 


Fig.  448. — Petalia  longialata,  a  fossil  Dragon-fly  from  the- Lithographic  Slates  (Jurassic)  of 
Solenhofen.    (Copied  from  Scudder  and  Zittel.) 


small  foreign  bodies,  and  the  pupae  are  inactive  during  the  greater 
part  of  their  life.  A  few  Mesozoic  forms  of  the  Caddis-flies  are 
known,  and  various  Tertiary  types  have  been  recognised.  The 
principal  palseontological  interest  of  the  Caddis-flies  arises,  however, 
from  the  fact  that  the  tubular  cases  of  the  larvae,  formed  of  small 
fragments  of  stone  or  of  minute  shells  cemented  together,  are  capable 
of  preservation  in  the  fossil  state.  Such  cases  have  been  found  in 
the  Cretaceous  rocks  of  Bohemia  and  in  various  Tertiary  deposits, 
and  they  sometimes  occur  in  such  numbers  as  to  give  rise  to  deposits 
of  considerable  thickness.  Of  this  nature  is  the  so-called  "  Indusial 
Limestone"  of  Auvergne,  which  covers  considerable  areas,  and  attains 
a  thickness  of  eight  or  ten  feet. 
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Division  C.  Holometabolic  Insects. 

Order  I.  Aphaniptera. —  JVmgs  rudimentary,  in  the  form  of 
scales  situated  on  the  mesothorax  and  metathorax.    Mouth  suctorial. 
Metamorphosis  complete. 

This  order  includes  only  the  Fleas,  and  requires  no  further  con- 
sideration here,  since  no  fossil  representatives  of  the  group  are  known 
to  exist. 

Order  II.  Diptera. — This  order  includes  the  "Two-winged 
Flies,"  and  is  characterised  by  the  fact  that  the  mouth  is  suctorial 
and  is  also  adapted  for  piercing ;  the  anterior  wings  are  membranous, 
with  a  small  basal  lobe  ("  alula  "),  not  closely  reticulated,  but  with  a 
few,  definitely-placed  cross-veins.  The  posterior  wings  are  rudimentary, 
and  are  represented  by  a  pair  of  clubbed  filaments  {"  halteres"). 

As  regards  the  distribution  of  the  Diptera  in  time,  a  few  repre- 
sentatives of  the  order  have  been  detected  in  rocks  as  old  as  the 
Jurassic,  but  the  majority  of  the  fossil  forms  are  found  in  Tertiary 
deposits,  being  especially  abundant  in  amber.  Most  of  the  existing 
families  of  Diptera  are  represented  by  fossil  forms,  but  none  of  these 
present  any  points  of  special  interest. 

Order  III.  Lepidoptera. — This  order  includes  the  Butterflies 
and  Moths,  and  is  characterised  by  the  fact  that  the  mouth  of  the 
adult  is  completely  adapted  for  suction,  the  mandibles  being  rudiment- 
ary. Both  pairs  of  wings  are  presetit,  and  are  membranous,  being 
covered  with  rows  of  flattened  hairs  or  scales.  The  neuration  of  the 
wings  (fig.  442,  b)  is  simple,  the  nervures  being  rai-ely  tmited  by  cross- 
veins.  The  '■'■marginal'"  vein  is  wanting;  while  the  "scapi^lar"  and 
"  externomedian "  veins  generally  form  betzveen  them  a  median  cell, 
and  give  origin  to  most  of  the  secondary  nervures.  The  metamorphosis 
is  cotnplete,  the  larva  {'^caterpillar")  being  worm-like,  and  the  pupa 
l^''  chrysalis")  being  cotnpletely  enclosed  in  a  horny  integufuent. 

As  regards  their  distribution  in  time,  undoubted  remains  of 
several  species  of  Lepidoptera  (such  as  the  Sphinx  Snelleni  of  the 
Solenhofen  Slates)  have  been  detected  in  the  Jurassic  rocks ;  and 
the  tunnels  of  the  larvte  of  small  Moths  have  been  noticed  in  fossil 
leaves  of  Cretaceous  age ;  but  the  number  of  recognised  Mesozoic 
Lepidoptera  is  very  limited.  In  the  Tertiary  rocks  the  remains  of 
Lepidoptera  are  still  exceedingly  rare,  but  both  the  Moths  and  the 
Butterflies  are  now  represented  by  fossil  forms.  About  a  dozen 
Tertiary  species  of  Butterflies  are  known  altogether,  and  most  of 
these  belong  to  extinct  genera  {Mylothrites,  Neorinopsis,  &c.) 

Order  IV.  Hvmenoptera. — This  order  includes  the  Ants,  Bees 
and  Wasps,  Gall-flies,  &c.,  and  is  characterised  by  the  fact  that  the 
mouth-organs  are  adapted  partly  for  suction  afid  partly  for  biting,  the 
7?ia?idibles  being  ivell  developed.    Both  pairs  of  ivings  are  usually 
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present,  the  front  pair  being  larger  than  the  hinder  pair.  The  wings 
are  membranous,  with  a  few  distant  nervures,  which  are  generally  con- 
nected by  cross-veifis  so  as  to  form  large  polygonal  cells.  The  females 
usually  with  an  ovipositor,  which  may  be  converted  into  a  "  sti7ig " 
(aaileus). 

As  regards  their  distribution  in  time,  very  few  fossil  forms  of  the 
Jlyfnenoptera  are  known  in  deposits  older  than  the  Tertiary.  Of 
the  very  limited  number  of  Mesozoic  forms  one  of  the  most  ancient 
is  the  Falceofnyrffiex  prodro??ms,  described  by  Heer  from  the  Liassic 
rocks  of  Switzerland,  which  belongs  to  the  family  of  the  Ants 
{Formicida:),  a  family  which  has  also  representatives  in  later  Jurassic 
deposits.  In  the  Tertiary  rocks  the  remains  of  Hymenoptera  are 
more  abundant,  almost  all  the  existing  families  of  importance  being 
represented  ;  but  none  of  the  fossil  forms  are  of  special  interest. 

Order  V.  Strepsiptera. — Females  without  wittgs  or  feet,  para- 
sitic. Males  possessing  the  posterior  pair  of  wings,  which  are  large, 
membranous,  and  folded  longitudi?ially  like  a  fan.  The  anterior  pair 
of  wings  rudime7itary,  represented  by  a  pair  of  siftgular  twisted  organs. 
Jaws  rudimentary. 

The  Strepsiptera  constitute  a  small  order,  which  includes  certain 
minute  parasites  of  Bees  and  other  Hyvmioptera.  The  females  are 
grub-like,  but  the  males  are  winged.  A  single  example  of  one  of 
the  winged  males  of  this  singular  group  of  insects  has  been  detected 
in  amber,  and  has  been  referred  to  the  extinct  genus  Trice?ta. 

Order  VI.  Coleoptera. — This  great  order  of  Insects  includes 
the  "  Beetles,"  which  are  characterised  by  their  strong  chitinous 
integument  and  the  complete  adaptation  of  the  mouth-organs  for 
biting,  the  mandibles  being  well  developed.  The  anterior  wings  are 
useless  as  organs  of  flight,  and  are  hardened  by  chitine,  so  as  to  form 
protective  cases  (elytra)  for  the  posterior  wings,  these  bei?ig  membra7ious, 
and  being  folded  transversely  and  longitudinally  in  repose.  The  fieiu- 
ures  of  the  hind-zvings  are  few  ajtd  distant,  cross-veins  being  raj-ely 
developed.  The  itmer  margins  of  the  elytra  (fig.  449)  a?'e  generally 
straight,  and  when  in  contact  they  foj-m  a  longitudiiial  suture. 

As  regards  their  distribution  in  time,  the  oldest  tj^pes  of  the 
Coleoptera,  recognised  by  Mr  Scudder,  belong  to  the  Curculionidce 
(Weevils),  and  appear  in  the  Triassic  rocks  [Curculiotiites  pro- 
dromus).  The  Jurassic  rocks  have  yielded  a  number  of  types  of 
this  family  also ;  while  Heer  describes  other  forms  from  the  Creta- 
ceous rocks  of  Greenland ;  and  about  one  hundred  species  of 
Weevils,  belonging  mostly  to  existing  genera,  have  been  mentioned 
or  described  from  the  Tertiary  rocks.  The  great  existing  families 
of  the  Chrysomelidce,  Buprestida,  and  Carabidce  (fig.  449,  b)  are 
also  all  represented  by  Triassic  forms ;  and  all  have  more  or  less 
numerous  Jurassic  and  Tertiary  representatives.    Of  the  remaining 
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families  of  the  Coleoptera  the  majority  of  the  leading  groups  of  the 
present  day,  such  as  the  Tenebrionidce,  CerambycidcB,  ScarabceidcB, 
Elateridce,  Staphylinida,  Coccinellidce,  Hydj-ophilida,  and  Dytiscida 
possess  more  or  less  numerous  Jurassic  representatives,  and  all 


Fig.  44g. — A,  Dytiscus  Lavateri,  restored,  from  the  Miocene  deposits  of  Oeningen,  of  the 
natural  size  ;  B,  Thurmannia  functulata,  one  of  the  Carabidie,  restored,  and  enlarged  three 
times,  from  the  Lias  of  Schambelen ;  c,  Coccinella.  deceinpunctata,  enlarged  twice,  from  the 
Miocene  deposits  of  Oeningen.    (After  Heer.) 


occur  under  many  specific  forms  in  the  Tertiary  rocks.  Many  of 
the  smaller  families  of  Beetles  are  also  known  by  fossil  forms,  but 
the  order  has  attained  its  maximum  development  at  the  present 
day. 
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CHAPTER  XXXIII. 
MOLLUSCOIDEA. 

POLYZOA. 

We  may  consider  here,  under  the  name  of  Molluscoidea,  the  two 
groups  of  animals  which  are  known  respectively  as  the  Polyzoa  and 
the  Brachiopoda.  These  two  groups,  in  many  respects  closely 
allied  to  one  another,  present  affinities  on  the  one  hand  to  the 
Worms,  and  on  the  other  hand  to  the  Mollusca,  with  both  of  which 
they  have  been  arranged  by  different  systematists.  In  the  present 
state  of  our  knowledge,  however,  it  seems  best  to  consider  these 
two  groups  separately,  without  referring  them  definitely  to  either  of 
the  two  sub-kingdoms  above  mentioned.  The  Tunicates,  which 
have  also  often  been  included  amongst  the  MoUuscoids,  may  like- 
wise be  in  the  meanwhile  regarded  as  a  separate  division,  which 
finds  its  most  natural  position  between  the  Mollusca  and  the  Ver- 
tebrata.  It  is  not  necessary,  however,  to  further  consider  the 
Tunicates  in  this  work,  since  the  pateontological  history  of  this 
group  of  animals  is  an  almost  absolute  blank.  No  fossil  remains 
of  Tunicates  have,  in  fact,  been  hitherto  discovered  except  the 
minute  spicules  of  a  species  of  Leptoclinuni  in  the  Pliocene  beds  of 
St  Erth.  Many  existing  Tunicates,  however,  both  simple  and  com- 
pound, are  known  to  possess  more  or  less  numerous  calcareous 
spicula  in  their  tissues,  and  by  the  help  of  these  it  may  ultimately 
be  found  possible  to  trace  back  the  existence  of  these  singular  or- 
ganisms to  an  earlier  period  of  the  earth's  history. 

The  Molluscoidea  may  be  briefly  defined  as  unsegmented,  simple 
or  compound  animals,  with  bilateral  symmetry.  The  mouth  is 
furnished  with  a  crown  of  ciliated  tentacles,  or  with  spirally-rolled 
ciliated  processes.  The  nervous  system  consists  of  a  single  gan- 
glion, or  of  an  oesophageal  nerve-ring  with  more  than  one  ganglion. 
A  heart  is  absent  or  present.  Under  this  head  may  be  placed  the 
two  classes  of  the  Polyzoa  and  the  Brachiopoda. 
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Class  I.  Polyzoa  {Bryozoa).—i:]\t  members  of  this  class  are 
mostly  composite  animals,  each  zodid  of  which  possesses,  typically,  a 
freely  suspended  alitnentary  canal,  with  mouth  and  anus,  enclosed  with- 
in a  double-walled  sac.  The  mouth  is  surroimded  tvith  a  circle  or 
crescent  of  hollow  ciliated  tentacles,  and  the  ?iervous  system  consists  of 
a  single  ganglion  placed  between  the  mouth  atid  the  anus. 

With  the  single  exception  of  the  genus  Loxosoma,  all  the  Polyzoa 
live  in  an  associated  form  in  colonies  or  "  polyzoaria,"  which  are 

sometimes  foliaceous,  sometimes  branch- 
ed and  plant-like,  sometimes  laminar, 
sometimes  encrusting,  and  very  rarely 
are  free.  Each  "  polyzoarium  "  consists 
of  an  assemblage  of  distinct  but  similar 
zooids  arising  by  continuous  gemmation 
from  a  single  primordial  individual. 
The  entire  colony — or  its  entire  der- 
mal system — is  called  the  "polyzoar- 
ium "  or  "  coenoecium "  ;  the  separate 
zooids  are  called  "  polypides " ;  and 
the  little  chambers  in  which  each  is 
contained  are  called  the  "  cells,"  or 
"  zooecia." 

A  typical  pol3'pide  of  a  Folyzodn  {fig. 
450)  consists  of  a  membranous  sac  ("  en- 
docyst ")  the  external  surface  of  which,  ex- 
cept at  its  anterior  end,  is  generally  hard- 
ened by  an  investing  horny  or  calcified 
layer,  which  is  known  as  the  "  ectocyst."' 
Freely  suspended  in  the  perivisceral 
fluid  filling  the  space  enclosed  with- 
in the  endocyst  is  the  alimentary  canal, 
which  consists  of  a  mouth,  gullet,  stom- 
ach, intestine,  and  anus.  The  mouth 
(fig.  450,  m)  is  placed  anteriorly,  and  is 
surrounded  by  a  crown  of  tubular,  non- 
retractile  tentacles,  which  are  ciliated, 
and  act  as  respiratory  organs.  In  differ- 
ent types  of  the  class,  the  tentacles  are 
arranged  in  a  circle  or  are  disposed  so 
as  to  form  a  horse-shoe  or  crescent. 
The  alimentary  canal  is  bent  upon  it- 
self in  such  a  way  that  the  anus  (fig.  450,  a)  comes  to  be  placed 
near  the  mouth,  being  usually  placed  outside  the  tentacular  circle 


Fig.  450. — Diagram  showing  the 
structure  of  a  single  polypide  of  a 
Polyzoan  (after  Busk).  /,  Tentacles ; 
in.  Mouth  ;  g,  Nerve-ganglion  ;  a, 
Gullet ;  s,  Stomach  ;  i,  Intestine  ; 
a,  Anus  ;  o,  Ovary ;  jr,  Testis ;  s, 
Funiculus ;  or,  Aperture  of  the 
zocecium  ;  v.  Tentacular  sheath ; 
d,  Perivisceral  cavity  ;  r,  Retractor 
muscles;  c,  Ectocyst. 
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(in  the  "  Ectoproctous "  Fofyzoa),  but  sometimes  within  it  (in  the 
"  Entoproctous "  Polyzod).  The  alimentary  canal  is  moored  to 
the  body-wall  by  muscular  bands,  those  springing  from  the  bottom 
of  the  cell  serving  to  retract  the  polypide  within  its  chamber, 
while  the  protrusion  of  the  tentaculated  anterior  extremity  is 
effected  by  muscular  fasciculi  which  run  in  a  circular  manner  in 
the  wall  of  the  cell. 

Each  polypide  possesses  a  single  nervous  ganglion  (fig.  450,  g), 
which  is  placed  upon  one  side  of  the  gullet,  between  it  and  the  anal 
aperture.  The  different  polypides  may  also  be  connected  together 
by  a  remarkable  organic  structure,  which  was  at  one  time  believed 
to  be  of  a  nervous  nature,  and  was  termed  the  "  colonial  nervous 
system,"  but  which  is  now  generally  spoken  of  as  the  "  endosarc." 
This  singular  connective  system,  by  which  the  different  polypides 
of  the  colony  are  organically  united,  commences  as  a  peculiar  cel- 
lular cord,  the  "funiculus"  (fig.  450,  z),  which  stretches  from  the 
base  of  the  stomach  to  the  bottom  of  the  zooecium,  and  upon  which 
the  testis  is  developed.  At  the  point  where  the  funiculus  is  fixed 
to  the  bottom  of  the  cell,  a  perforation  in  the  ectocyst  exists,  and 
filaments  of  the  funiculus  thus  either  pass  into  adjacent  polypides, 
or  become  connected  with  a  common  branched  fibre  which  runs 
through  the  stolons  of  the  colony  (as  in  Boiverbankici).  In  many 
cases  the  endosarcal  cords  give  off  branching  fibres,  and  they  have 
a  general  likeness  to  a  nervous  system.  Histologically,  however, 
the  endosarc  does  not  consist  of  nervous  elements,  and  it  may  be 
regarded  as  a  kind  of  ccenosarcal  structure,  which  is  largely  con- 
nected with  the  production  of  the  generative  elements,  and  from 
which,  possibly,  the  polypides  are  produced  by  gemmation. 

The  polypide  of  the  Polyzoa  is  generally  hermaphrodite,  the  ovary 
(fig.  450,  0)  being  usually  situated  near  the  summit  of  the  cell, 
attached  to  the  inner  surface  of  the  endocyst,  while  the  testis  {x)  is 
placed  at  the  tjottom  of  the  cell,  and  is  attached  to  the  "  funiculus." 
The  generative  elements  are  usually  set  free  into  the  perigastric 
space,  the  ova  being  thus  fecundated  within  the  body-cavity  of  the 
parent  polypide.  The  fertilised  ova  may  pass  into  special  dilata- 
tions of  the  cell  ("  ovicells "),  or  the  embryos  may  be  hatched 
within  the  perivisceral  cavity  of  the  parent. 

The  embryo  is,  to  begin  with,  ciliated  and  freely  locomotive,  but 
ultimately  fixes  itself,  and,  except  in  Loxosoma,  begins  to  produce  a 
colony  by  means  of  budding.  The  new  buds  are  usually  produced 
from  the  dorsal  wall  of  the  polypide,  or  from  its  sides,  or  sometimes 
from  its  anterior  extremity.  Fission,  so  common  among  the  Ccel- 
enterates,  has  never  been  noticed  to  occur.  The  ultimate  form  of 
the  polyzoary  depends  upon  the  precise  method  in  which  the  new 
buds  are  developed.    The  separate  polypides  of  the  colony  are  ap- 
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parently  always  more  or  less  clearly  united  with  one  another  by  an 
organic  connection.  In  many  cases  this  communication  between 
the  different  polypides  is  effected  by  means  of  the  structure  which 
has  been  previously  spoken  of  as  the  "  endosarc."  In  other  cases 
the  walls  of  the  cells  are  pierced  by  pores  or  traversed  by  tubuli,  by 
means  of  which  the  perivisceral  cavities  of  adjoining  polypides' are 
placed  in  communication.  In  other  cases,  again,  there  exists  a 
common  lamina,  the  extension  of  which  precedes  the  production 
of  new  cells.  Lastly,  in  the  group  of  Polyzoa  known  as  the 
Ctenostomata,  there  exists  a  common  tube  with  which  all  the  poly- 
pides of  the  colony  are  connected. 

The  structures  in  the  Polyzoa  with  which  the  palfeontologist  is 
more  especially  concerned  are  those  developed  from  the  external 


investing  layer  or  "  ectocyst,"  which  form  the  skeleton  of  the  colony, 
and  which  alone  are  capable  of  being  preserved  in  the  fossil  condi- 
tion. In  rare  cases  among  the  existing  Polyzoa  the  ectocyst  may  be 
absent,  or  may  be  gelatinous  in  consistence ;  but  it  is  usually  either 
purely  chitinous  or  more  or  less  extensively  calcified.  The  ectocyst 
forms  for  each  polypide  of  the  colony  a  more  or  less  complete 
"  cell " ;  but  the  cell  is  invariably  furnished  at  one  point  with  an 
"  aperture "  or  "  mouth,"  whence  the  polypide  can  protrude  its 
tentaculate  head.  In  various  forms,  however,  the  anterior  wall  of 
the  ectocyst  may  be  imperfectly  hardened,  or  may  remain  mem- 
branous. The  form  of  the  "  cells "  or  "zooecia"  in  the  Polyzoa 
varies  extremely  in  different  groups,  and  important  distinctions  are 
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based  upon  this  character.  Thus,  in  the  so-called  "  Cyclostomatous  " 
Polyzoa  the  cells  are  tubular  in  form  (fig.  451,  a),  and  the  aperture 
is  terminal  in  position,  and  is  approximately  equal  to  the  cell  itself 
in  diameter,  while  there  is  no  special  movable  apparatus  for  its 
closure.  On  the  other  hand,  in  the  so-called  "  Cheilostomatous  " 
Polyzoa  (fig.  451,  b)  the  mouth  of  the  cell  is  never  quite  terminal 
in  position,  but  is  always  placed  upon  the  front  of  the  cell,  generally 
close  to  the  anterior  end,  while  its  diameter  is  less  than  that  of  the 
cell,  and  it  is  provided  with  a  movable  opercular  valve. 

The  surface  of  the  cell  may  be  "  either  smooth  and  entire,  spin- 
ous or  granulous ;  perforated  with  minute  pores,  or  cribriform  with 
larger  openings  ;  reticulate  or  ribbed,  &c., — all  of  which  conditions, 
with  certain  precautions,  afford  excellent  diagnostic  characters " 
(Busk).  The  margins  of  the  mouth  of  the  cell,  also,  may  be 
"  simple  or  thickened,  unarmed  or  beset  with  erect  '  marginal 
spines,'  which  again  may  be  either  rigid  or  articulated  at  the  base, 
simple  or  branched." 

Though  the  separate  zooecia  of  a  Polyzoan  colony  are  usually 
apparently  quite  separate  and  distinct  from  one  another,  except  by 
continuity  of  their  external  investment,  it  has  been  shown  that 
contiguous  cells  are  commonly  placed  in  direct  connection  with 


.j,!"'^'  Longitudinal  section  of  a  few  tubes  of  the  recent  Temtysoma  stelUia,  enlareed 

cZZ.  P°7"%^""^  °f  'he  cells;  b  Central  portion  of  a  transverse  section  of  a  branch  of 
r  Pn^r^nf  r  ,      T^P""'''  f"''"  Connecting  the  cavities  of  adjoining  cells,  enlarged 

fhe'^fol"  ai"g"fu\"ua.'  "o",^l.ral.f  ^"'^""^^^  °'  '''""''^  -'-^^'^  '° 


one  another  by  what  have  been  called  "  communication-plates  " 
or  "rosette-plates."  These  are  portions  of  the  cell-wall  pierced 
by  one  or  more  minute  pores  which  transmit  processes  of  the 
.structure  which  has  been  previously  described  as  the  "endosarc." 
In  many  of  the  calcareous  Polyzoa  also,  the  walls  of  the  cells 
are  pierced  by  more  or  less  numerous  pores,  which  open  into  the 
cavity  of  the  cell  (fig.  451).  in  certain  of  the  Cyclostomatous 
rolyzoa  as  also  in  some  Cheilostomatous  forms,  where  the  walls  of 
the  cells  are  of  considerable  relative  thickness,  these  pores  assume 
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the  form  of  tubes,  which  place  the  perivisceral  cavities  of  contiguous 
cells  in  direct  communication,  as  is  seen,  for  example,  in  such  recent 
genera  as  Cellepora  among  the  Cheilostomata,  and  Domopora  and 
Heteropora  among  the  Cyclostomata.  These  connecting-tubes  (fig. 
452)  are  usually  wide  and  trumpet-shaped  at  the  points  where  they 
open  into  the  cavities  of  the  cells,  and  are  contracted  in  the  middle 
portion  of  their  course ;  and  they,  doubtless,  are  simply  a  further 
development  of  the  simple  pores  seen  in  many  other  forms. 

Again,  in  various  of  the  Paleozoic  Folyzoa,  and  particularly  in 
the  family  of  the  Fenestellidce,  a  portion  of  the  polyzoary  consists  of 
dense  calcareous  tissue  which  exhibits  under  the  microscope  a  finely 
punctated  appearance.  When  sufficiently  thin  sections  of  this 
punctated  layer  are  prepared,  and  examined  with  a  sufficiently  high 
magnifying  power,  the  tissue  is  seen  to  be  penetrated  by  innumer- 
able exceedingly  minute  tubuli  (fig.  453),  which  run  at  right  angles 
to  the  surface  of  the  polyzoary.  Nothing  certain  has,  however,  been 
ascertained  as  to  the  nature  and  function  of  these  tubuli.    In  some 

types,  such  as  Rhombopora 
( Ceriopora)  {nte7porosa,  of 
the  Carboniferous  rocks, 
the  thickened  walls  of  the 
cells  near  their  mouths  are 
penetrated  by  dark  rod-like 
structures  which  run  at 
right  angles  to  the  surface. 
These  structures  are  of 
larger  size  than  the  tubuli 
of  the  Fenestellids,  but  they 
sometimes  exhibit  a  clear 
central  space,  and  it  is  pro- 
bable that  they  are  really 
of  the  nature  of  tubes. 

In  a  great  number  of  the 
recent  Fofyzoa,  the  poly- 
zoarium  is  furnished  with 
singular  appendages,  which 
are  known  as  "avicularia"  and  "vibracula,"  and  which  are  to  be 
regarded  as  specially  modified  zooids.  The  avicularia  or  "  bird's- 
head  processes  "  (fig.  454,  b  and  c)  differ  a  good  deal  in  shape,  but 
consist  essentially  of  "a  movable  mandible  and  a  cup  furnished 
with  a  horny  beak,  with  which  the  point  of  the  mandible  is  capable 
of  being  brought  into  apposition  "  (Busk).  In  shape,  the  avicularia 
often  closely  resemble  the  head  of  a  bird ;  and  they  are  in  many 
respects  comparable  with  the  "  pedicellarije  "  of  the  Ec/n?ioder>iiata, 
keeping  up  a  constant  snapping  movement  which  continues  long 


Fig.  453. — A  portion  of  the  punctated  layer  on  the 
non-poriferous  side  of  a  Fenestellid  (Phyllopora  sp.),  cut 
parallel  with  the  surface  and  greatly  enlarged.  De- 
vonian, Canada.  (Original.) 
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after  the  death  of  the  general  colony.  In  the  "vibracula"  (fig. 
454,  a),  the  place  of  the  mandible  of  the  avicularium  is  taken  by  a 
bristle,  or  seta,  which  is  capable  of  extensive  movement. 

Owing  to  the  minute  size  of  the  avicularia  and  vibracula  and 
their  readily  perishable  structure,  it  could  hardly  be  expected  that 
the  fossil  Polyzoa  should  exhibit  similar  organs  except  under  the 
most  favourable  conditions  of  preservation  ;  and  as  a  matter  of  fact, 
these  appendages  have  not  hitherto  been  recognised  except  in  a  few 
instances.  The  former  existence  of  avicularia  may,  however,  be 
in  many  cases  inferred  by  the  presence  of  cicatrices  or  pore-like 


ceM 'fi.n^li,7,Ci  In °''  ^^i'i'Sophora.  Hyndmanni,  showing  vibracula  fo)-the  lelt-hand 
cuLf  °av  °  ri::^.°"."7ekk  ■       ChamTer'TSe"'  and  c^'pedun' 

Allthefigt.resareenlarged!%^rSs"an°/Btk.r"^"^^^  ^' 

depressions  on  the  surface  of  the  cells.  In  some  instances  it  can 
be  shovyn,  as,  for  example,  in  the  recent  Retepora,  that  the  avicularia 
are  really  attached  to  thickened  tubes  which  pass  deep  into  the 
substance  of  the  polyzoary,  and  which  can  therefore  be  readily 
recognised  m  thin  sections  (fig.  455,  a).  This  observation  is  of 
considerable  interest  as  affording  a  possible  explanation  of  certain 
thickeiied  tubular  structures  which  are  found  in  some  of  the  Pateo- 
StWK-  r^"'  7}^  structures  in  question  have  the  form  of  tubes 
M  h  thickened  fibrous  walls,  embedded  in  the  solid  tissue  of  the 
polyzoary ;  and  when  cut  across  transversely  in  thin  sections  (fig 
455^B  and  c),  they  exhibit  a  minute  central  clear  spot  surrounded 
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by  a  dark  margin.  They  were  first  recognised  by  Mr  John  Young 
as  occurring  in  some  of  the  Fenestellidce  (fig.  467),  and  they  were 
compared  by  this  observer  with  the  "  acanthopores  "  of  the  Monti- 
cuHporoids.  They  occur,  however,  in  other  Paleozoic  Polyzoa 
beside  the  Lace-corals  (as  in  Coscinium  and  in  species  of  Rhom- 
bopora),  and  it  may  be  conjectured  that  they  are  of  the  same  nature 
as  the  small  thick-walled  tubes  in  the  polyzoary  of  the  existing 
Retepora  (fig.  455,  a),  in  which  they  support  the  avicularia. 

In  many  of  the  Polyzoa  the  cells  are  furnished  with  special  dila- 
tations, which  serve  as  marsupial  pouches  for  the  ova,  and  which 
are  known  as  the  "  ovicells  "  or  "  ooecia."  In  general,  these  pecu- 
liar brood-pouches  have  the  form  of  helmet-shaped  or  sac-Hke  cham- 
bers springing  from  the  anterior  end  of  the  cell  (fig.  451,  b,  o\  with 


Fig.  455. — A,  Tangential  section  of  a  recent  species  of  Retepora,  taken  parallel  to  the  non- 
poriferous  surface  of  the  polyzoarj',  enlarged,  showing  the  thickened  tubes  (/)  to  which  the 
avicularia  were  attached  ;  b,  Tangential  section  of  Rhombopora  (Ceriofiora)  H amiltoneitsis , 
from  the  Devonian  rocks  of  Canada,  enlarged,  showing  thickened  tubes  (f) ;  c.  Tangential  sec- 
tion of  Coscinium  {Coscinotrypd}  cribri/onite,  from  the  Devonian  rocks  of  Canada,  enlarged, 
showing  similar  thickened  tubes  (/).  c,  Cavity  of  a  cell ;  /,  One  of  the  "  fenestra; "  of  Retepora. 
(Original.) 

the  cavity  of  which  they  communicate  by  an  aperture  or  fissure  in 
their  hinder  wall.  Ovicells  are  not  only  found  in  the  recent  Cheil- 
osiomata  generally,  but  occur  also  in  numerous  Secondary  and  Ter- 
tiary types.  Mr  Ulrich  has  Hkewise  recognised  in  certain  of  the 
Fenestellids  structures  which  appear  to  be  of  the  nature  of  ovicells ; 
but  with  this  exception  no  traces  of  these  organs  have  hitherto  been 
detected  in  the  Palseozoic  Polyzoa. 

In  various  of  the  Cyclostomatous  Polyzoa  the  mouths  of  a  greater 
or  less  number  of  the  cells  may  be  closed  by  a  calcareous  mem- 
brane, covering  parts  of  the  surface  more  or  less  completely.  In 
other  cases  (as  in  Mesenieripora  and  sometimes  in  the  Palaeozoic 
Polypora),  individual  cells  may  have  their  mouths  closed  by  a  cal- 
careous lid,  which  may  exhibit  a  minute  central  perforation,  or,  in 
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other  cases,  a  projecting  tubule.  Mr  A\'aters  has  further  shown  that 
in  the  Cyclostomata  it  is  not  uncommon  for  a  calcareous  plate  to  be 
developed  at  the  point  where  the  zooecial  tube  rises  free  from  the 
polyzoarium ;  while  in  other  cases,  two  of  these  "  closing-plates  " 
are  developed  close  together.  Probably  of  a  similar  nature  to  the 
"  closing-plates  "  just  mentioned  are  the  transverse  calcareous  parti- 
tions which  are  developed  in  the  tubes  of  various  Cyclostomatous 
Folysoa,  both  recent  and  fossil,  and  which  have  been  spoken  of  as 
"  tabula;,"  from  their  similarity  to  the  structures  known  by  this  name 
in  many  Corals.  These  so-called  "  tabulse  "  differ  from  the  "  clos- 
ing-plates "  described  by  Mr  Waters  in  being  developed  in  the  deeper 


Fig  456.— Minute  structure  of  the  recent  Heteropora  pdlicnlaia,  Waters  (  =  H.  neo=elamca, 
cu»k;.  A,  langential  section  of  the  polyzoary,  enlarged  about  fifty  times,  showing  the  proper 
zocecia  (a  a)  and  interstitial  tubes  {6)  connected  by  numerous  minute  tubules  (c).  The  cells 
enKr^In ^"l  """."""^^  radiating  spines  or  "rays."  B,  Part  of  a  longitudinal  section, 
fer  "  tabuU  -'^^rigTn^i.)  connectmg-pores,  "rays,"  and  delicate  transverse  parti- 

as  well  as  in  the  more  superficial  portions  of  the  colony,  and  they 
are  sometimes  present  in  considerable  numbers.  They  occur  in 
various  genera,  as,  for  example,  in  Heteropora  (fig.  456,  b),  Alveo- 
larm,  Fascicularia,  Lichenopora,  &c.  ;  and  they  are  probably  con- 
nected with  the  periodic  death  and  renovation  of  the  polypides 
which  IS  known  to  occur  in  many  recent  Polyzoa. 

In  certain  of  the  Polyzoa,  finally,  the  cells  ^re  furnished  with 
delicate,  radially  disposed  spines,  which  present  a  superficial  re- 
semblance to  the  "  septa  "  of  such  corals  as  Fqvosiies  and  certain 
of  the  Helwlitidce,  and  which  may  be  spoken  of  as  "  rays."  These 
curious  structures  (fig.  456,  a)  have  the  form  of  minute  calcareous 
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spines  which  are  directed  into  the  interior  of  the  cell-civitv  th.ir 
free  ends  being  sometimes  globular  or  button'^e  Thev  W 
been  recognised  by  the  present  writer  in  the  ecent  mLotZ 
peU  cula  a  and  m  some  species  of  Lichenopora  {Dlscop  ret) 
^^  rTrl"""  ^^^f  *em  in  Entalopkora  inMcard,^n<l  in  ;peci2 
of  Tubuhpora  and  Ltchenopora  ;  and  apparently  identical  stru^tu  es 

/IL         r™   ?^  ''^""^  ^°         in  certain  o  the  2" 

telhd^.    So  far  as  known,  these  "rays"  are  confined  to  certain  of 

aL?M;?rr  ?'r^'  T  ^^^^^  ^^^^'^^  -orphoIoglcaT Sgni  . 

:SvatL\i  SrT^ltt^ht~of  z-r? "  ^  ^^'^^^^ 

1  .>•'lLCl^5,  uie  zocecia  oi  -Licne7iofiora  p-nmone}!v\ 

not  only  possess  "rays"  in  their  interior,  but  are  also  Med 
with  similar  spines  projecting  from  portions'  of  the  L^n  JZtc  f 
thp  .V'^  the  Pofyzoa  may  be  divided  into 

/^.nz,  of  which  the  last  two  require  no  further  characterisation  here 
as  they  are  not  known  to  possess  any  fossil  representatives.  The 
division  of  the  Ectoprocta,  on  the  other  hand,  includes  the  great 
majority  of  the  living  Polyzoa  and  the  whole  of  the  fossil  fomis 
though  the  essential  feature  of  the  division  is  the  position  of  the 
anal  opening  outside  the  tentacular  circle,-a  character  which 
necessarily,  can  only  be  positively  determined  in  living  examples 
The  Edoprocta  may  be  divided  into  the  two  orders  of  the  Fhvlado- 
lce,nata  and  Gymnolcemata,  the  former  characterised  by  the  almost 
universal  feature  that  the  tentacular  crown  is  horse-shoe-shaped,  and 
by  the  possession  of  a  peculiar  valve-like  organ  ("  epistome  ")  arch- 
ing over  the  mouth;  while  the  tentacular  crown  in  the  latter  is 
circular  and  there  is  no  epistome.    The  Phylactotematous  Polyzoa 
are  confined  to  fresh  waters,  and  they  need  not  be  considered  here 
further,  as  no  fossil  examples  of  the  order  have  ever  been  detected. 
The  order  of  the  Gymnolcemata,  on  the  other  hand,  is  of  great  im- 
portance, as  comprising  the  vast  majority  of  the  existing  marine 
Polyzoa  and  all  the  known  fossil  forms.    The  order  may  be  divided 
into  the  three  sub-orders  of  the  Cyclostomata,  the  Cheilostomata, 
and  the   Ctenostomata,  the  first  two  characterised  by  the  form  of 
the  cell  and  the  absence  or  presence  of  an  opercular  valve  to  the 
cell-aperture,  while  the  last  is  distinguished  by  the  fact  that  the 
cells  arise  from  a  common  tube,  their  mouths  being  terminal  and 
furnished  with  a  setose  fringe  for  their  closure. 

As  regards  their  distribution  in  time,  the  earliest  known  forms  of 
the  Polyzoa  are  found  in  the  Ordovician  rocks,  and  all  the  later 
Palaeozoic  formations  abound  in  Polyzoan  remains.  Even  in  the 
Ordovician  rocks  the  Gymnolcemata  are  represented  by  numerous 
and  very  widely  different  types,  and  the  primitive  forms  of  the  class 
must  have  existed  in  Cambrian  or  in  even  eariier  periods.  The 
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auAor  from  the  Ordovician  rocks  as  Hippothoal  tnflata  ^^  refe - 
iTto  Stomatopora  i^..  this  genus  is  usually  understood),  and  m 
case  is  Cydostomatous,  as  also  is  the  mppothoa  devomca  oi 
ItisNowever,  possible  that  the  ^^'^^ozo.c  genus^^^^^^^ 
chara,  of  Hall,  is  really  Cheilostomatous.     While  the  Pateozoxc 
Polyzoa,  therefore,  must  in  the  meanwhile  be  referred  in  a  general 
way  to  the  Cyclostomata,  it  has  to  be  borne  in  mind  tha  many  of 
them  exhibit  very  pecuhar  characters,  and  that  certain  forms  are 
apparently  transitional  between  the  Cyclostomata  and  the  C  mlos- 
t<^nata.    It  is,  in  fact,  not  improbable  that  fuller  investigation  of 
the  characters  and  structure  of  the  Pateozoic  Polyzoa  will  render  it 
necessary  to  recast  the  classification  of  the  Gyvmolamata  ;  and  steps 
in  this  direction  have  already  been  taken  by  Mr  Ulrich.    It  does 
not  seem  possible,  however,  to  accomplish  this  satisfactorily  at 
present,  since  we  are  not  only  still  imperfectly  acquainted  with  the 
minute  structure  of  many  Pateozoic  Polyzoa,  but  there  are  various 
Pateozoic  organisms,  the  precise  place  of  which  in  the  zoological 
series  has  not  yet  been  ascertained  with  certainty.    This  is  notably 
the  case  with  the  great  Paleozoic  group  of  the  Monticuliporoids, 
which,  for  reasons  previously  given  (see  p.  352),  have  been  here 
placed  provisionally  beside  the  Coelenterates,  while  they  are  regard- 
ed by  Lindstrom,  Ulrich,  and  other  authorities  as  belonging  to  the 
Polyzoa.    It  is  also  not  impossible  that  we  may  have  in  the  Palae- 
ozoic rocks  representatives  of  other  groups  of  the  existing  Polyzoa 
than  the   Cyclostomata  and    Cheilostomata.     Thus,  the  singular 
genus  Ascodidyon,  of  the  Silurian,  Devonian,  and  Carboniferous 
rocks,  may  possibly  be,  as  suggested  by  Mr  Vine,  a  representative 
of  the  Ctenostomata,  or  may  even  be  referable  to  the  section  of  the 
Entoproctous  Polyzoa. 

The  earlier  Secondary  deposits  (Trias  and  Lias)  have  hitherto 
yielded  very  few  remains  of  Polyzoa  ;  but  numerous  forms  of  this 
class  are  known  in  the  later  Jurassic  and  in  the  Cretaceous  rocks, 
the  Upper  Chalk,  in  particular,  being  extraordinarily  rich  in  the 
remains  of  these  organisms.  In  the  earlier  part  of  the  Secondary 
period,  by  far  the  larger  number  of  the  known  Polyzoa  are  still  re- 
ferable to  the  Cyclostomata,  but  in  the  later  portion  of  the  Cretaceous 
period  the  Cheilostomata  are  likewise  largely  represented.  In  the 
Tertiary  rocks,  again,  not  only  are  the  remains  of  Polyzoa  abundant, 
but  the  majority  of  the  forms  represented  are  now  referable  to  the 
Cheilostomata,  the  Cydostomatous  types  undergoing  a  decided  re- 
duction,   All  the  great  divisions  of  the  Tertiary  rocks  have  yielded 
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more  or  less  numerous  Polyzoa  (fig.  457) ;  but  the  Upper  Oligocene 
of  Germany,  the  Miocene  deposits  of  France,  Austria,  Switzfrland! 


Fig.  457._Types  of  Tertiary  Polyzoa.  a,  A  few  cells  ol  Microforclla  violacea  (Pliocene  and 
Kecem;,  magnified ;  b,  Ccllefora  coronofus,  of  the  natural  size,  and  a  portion  of  the  surface  en- 
larged (I  liocene) ;  c,  A  small  piece  of  CcUaria  {Salicornaria)  crassa,  of  the  natural  size 
and  enlarged  (Pliocene)  ;  D,  Lunulites  gimdrata,  of  the  natural  size,  and  a  small  portion  of  the 
upper  surface  enlarged  (Tertiary) ;  e,  A  fragment  of  Scrtipocellaria  cUiptica,  viewed  from 
behind,  enlarged  (Tertiary);  f,  A  small  piece  of  Crisia  deniiculata  (Jenary),  enlarged;  G,  A 
fragment  of  Ttibnlifiora  JlatcUaris  (Tertiary),  enlarged  ;  H,  A  fragment  of  Diastopora  simplex, 
enlarged  (Tertiary);  i,  A  piece  of  Vinctdana  Haidingcn,  natural  size  and  enlarged  (TertiarjO  ; 
J,  Idmonea/enestrata,  natural  size  and  enlarged  (Tertiary);  k,  Hor)tera  rctcporacca,  natural 
size  and  enlarged  (Tertiary).    (After  Busk  and  Reuss.) 


and  Italy,  and  the  Pliocene  beds  ("Coralline  Crag")  of  Britain, 
have  proved  particularly  rich  in  the  remains  of  these  organisms. 
In  the  following  general  account  of  the  characters  and  chief  groups 
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Of  the  fossil  Poly'.oa,  no  attempt  will  be  made  to  give  a  complete 
review  of  the  different  families.  Not  only  is  the  classification  of 
the  fossil  Polyzoa  in  an  admittedly  unsatisfactory  state,  but  the 
characters  of  many  of  the  fossil  types  cannot  be  rendered  intelli- 
gible without  the  free  use  of  illustrations,  even  where  these  are 
thoroughly  understood;  while  there  are  many  types  the  structure  of 
which  Is  at  present  only  imperfectly  known.  Nothing  further  will 
therefore  be  attempted  here  than  to  shortly  characterise  some  ot 
the  more  important  and  more  widely  distributed  groups,  and  to 
indicate  the  chief  forms  of  these  and  their  general  geological  range  ; 
all  the  fossil  types  here  referred  to  being  provisionally  distributed 
between  the  Cyclostomata  and  the  Cheilostomata. 


Sub-Orber  I.  Cyclostomata. 

This  sub-order,  as  has  been  previously  seen,  includes  Gymno- 
laematous  Polyzoa,  in  which  the  cells  are  more  or  less  tubular,  the 
cell-aperture  being  terminal,  usually  of  the  same  diameter  as  the 
tube  itself,  and  not  provided  with  a  movable  operculum  for  its 
closure.  In  a  large  number  of  the  Cyclostomata,  the  tubes  (fig. 
451,  a)  are  free  for  a  larger  or  smaller  portion  of  their  length,  so 
that  the  surface  of  the  colony  is  partly  formed  by  the  lateral  walls 
of  the  zooecia;  while  in  other  types  (fig.  456,  b)  the  tubes  are  in 
contact  throughout  their  entire  length,  the  cells  thus  opening  at 
right  angles  to  the  axis  or  surface  of  the  colony,  and  the  whole 
exterior  being  thus  occupied  by  the  cell-apertures.  This  difference 
probably  expresses  a  genuine  structural  distinction,  and  upon  it  Mr 
Waters  has  proposed  to  divide  the  Cyclostomata  into  the  two  divi- 
sions of  the  Parallelata,  with  partially  free  tubes,  and  the  Rectangu- 
lata,  with  the  tubes  in  contact  throughout. 

In  most  of  the  Cyclostomata  the  calcareous  walls  of  the  cells  are 
pierced  by  smaller  or  larger  pores,  but  in  some  cases  the  walls 
appear  to  be  completely  imperforate.  In  many  forms  all  the  cells 
are  similar  to  one  another,  but  in  others  {e.g.,  in  Heteropora)  the 
colony  consists  of  two  sets  of  tubes,  which  are  similar  in  internal 
structure,  but  differ  in  point  of  size.  In  other  forms  referred  to 
this  sub-order  an  interstitial  vesicular  tissue  appears  to  be  developed 
between  the  proper  zooecia.  "  Ovicells  "  are  developed  in  certain 
of  the  Cyclostomata,  but  they  have  not  been  observed  in  others,  and 
they  do  not  play  such  a  conspicuous  part  as  they  do  in  the  Cheilos- 
tomata. In  various  forms  of  the  Cyclostomata,  finally,  radiating 
spines  or  "  rays "  are  developed  in  the  cells,  while  the  structures 
previously  alluded  to  as  "closing-plates"  and  "tabulee"  are  not 
uncommonly  present. 

The  Cyclostomata  are  the  most  ancient  group  of  the  Polyzoa, 
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being  represented  by  numerous  forms  in  all  the  great  geological 
foimations  from  the  Ordovician  .onwards.  With  a  few  possiblf  ex 
ceptions,  as  already  noted,  the  whole  of  the  Palaeozoic  Polyzoa  may 
be  provisionally  referred  to  the  Cyclostomata ;  but  while  some  of 
even  the  oldest  forms  belong  to  quite  normal  groups  of  this  sub- 
order others  differ  widely  from  the  regular  tj^De,  and  will  probably 
be  ultimately  referred  elsewhere.  Leaving  these  last  out  of  con- 
sideration, the  Cyclostomata  may  be  said  to  attain  their  maximum 
development  in  the  Jurassic  and  Cretaceous  rocks,  a  decided  diminu- 
tion in  their  numbers  taking  place  in  the  Tertiary  period. 

Taking  the  normal  groups  of  the  Cyclostomata  first,  and  leavin^^ 
out  of  sight  certain  comparatively  unimportant  types,  the  family  ol" 
the  CrisitdcB  comprises  a  small  number  of  dendroid  forms,  in  which 
the  polyzoary  consists  of  calcareous  segments  united  by  corneous 
joints,  the  tubular  zooecia  being  either  uniserial  or  biserial  (fig. 
457.  f).  The  type  of  this  family  is  Crista  itself,  which  is  represented 
by  numerous  Tertiary  and  recent  species. 

The  family  of  the  Tubuliporidce  {StomatoporidcB)  comprises  forms 
m  which  the  polyzoary  is  usually  creeping  and  wholly  adherent  by 
its  under  surface,  or  partially  free  and  erect.  The  tubular  zocecia 
may  be  disposed  uniserially,  or  biserially,  or  irregularly  grouped, 
their  upper  ends  being  more  or  less  extensively  free.  The  ovicells 
are  represented  by  "  an  inflation  of  the  zoarium  at  certain  points,  or 
a  modified  cell "  (Hincks). 

In  the  genus  TicbtiUpora  itself  the  colony  is  more  or  less  extensively 
attached  by  its  base  (fig.  457,  g),  and  the  tubular  zocecia  are  free  for  a 
great  part  of  their  length  and  radiate  from  an  excentric  point.  The 
species  of  this  genus  range  from  the  Cretaceous  rocks  to  the  present 
day.  The  forms  included  under  the  head  of  Stomatopora  {Alccto)  differ 
considerably  ni  their  characters.  In  one  group  of  forms  comprised  under 
this  generic  name  the  colony  is  completely  adherent  to  foreign  bodies, 
and  the  tubular  cells  are  more  or  less  extensively  immersed,  being  free 
close  to  their  mouths  only ;  so  that  a  more  or  less  strap-shaped,  often 
branched  frond  is  produced  (figs.  451,  A,  and  459,  B  and  c),  the  walls  of 
the  zooscia  being  at  the  same  time  porous,  and  usually  either  biserial  or 
multiserial.  In  some  forms  {Proboscina),  the  polyzoary  has  the  above 
characters,  but  is  partially  free  and  erect.  Forms  of  the  type  here  in- 
dicated are  found  in  rocks  as  ancient  as  the  Ordovician,  while  numerous 
species  still  exist.  On  the  other  hand,  there  have  been  included  in 
Stomatopora  various  fomis  in  which  the  polyzoary  consists  of  a  creeping 
adherent  network,  formed  of  uniserial  or  sometimes  alternatingly  biserial 
cells,  which  spring  directly  from  each  other,  each  new  tube  being  pro- 
duced from  the  anterior  end  of  the  lower  surface  of  the  preceding  cell 


(figs.  458  and  459,  d).  The  tubes  are  thick-walled  and  destitute  of  pores, 
and  the  colony  often  closely  resembles  an  Atclopora  in  form.  Indeed,  the 
only  essential  distinction  between  such  colonies  and  Aiilopora  is  to  be 
found  in  the  fact,  that  in  the  typical  species  of  the  latter  there  appears  to 
be  a  creeping  basal  network  from  which  tlie  tubes  are  sent  up  at  inter- 
vals, instead  of  springing  directly  from  one  another ;  but  it  is  not  clear 
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how  far  even  this  distinction  can  be  rehed  upon  Forms  of  this  second 
type  occur  from  the  Ordovician  rocks  onwards.  It  would  seem  that 
these  two  eroups  oiStomatopora:  should  be  generically  separated  from  one 
another,  as  the  differences  above  pointed  out  are  of  substantial  import- 


Fig.  458.  —  A  specimen 
of  Stoinatofiora  dichotoiiia, 
from  the  Great  Oolite,  of 
the  natural  size.  (After 
Zittel.) 


Fig.  459.— A,  A  fragment  of  shell  with  Stomato- 
pora  auloporoides  and  J',  hiflata  growing  on  it,  of 
the  natural  size,  from  the  Cincinnati  group  (Ordo- 
vician) of  America ;  B,  Stoinatofora  auloporoides, 
enlarged  ;  c,  Part  of  the  same,  enlarged  still  further  ; 
D,  Stomaiopora  injlata,  enlarged  ;  E,  Fragment  of 
Hederella  Canadensis,  from  the  Devonian  rocks  of 
Canada,  of  the  natural  size  and  enlarged.  (Original.) 


ance.  It  would  also  seem  certain  that  the  Silurian  and  Devonian  genera 
Reptana  and  Hederella  (fig.  459,  e),  sometimes  placed  among  the  Corals, 
should  be  referred  to  this  family.  In  these  doubtfully  distinct  genera  the 
colony  is  branched  and  adherent  to  foreign  bodies  by  its  lower  surface, 
the  branches  consisting  of  long,  narrow  tubular  cells,  which  spring  in  an 
alternating  manner  from  one  another,  each  branch  being  thus  biserial. 

Allied  to  the  preceding  is  the  family  of  the  Diastoporida,  in 
which  the  polyzoary  is  usually  encrusting  and  discoid  or  fan-shaped, 
though  sometimes  foliaceous  and  erect.    The  tubular  cells  are  in 


Fig.  sfiQ.—Mesenteripora  {Bidiastopora)  cervicornis,  natural  size  and  enlarged.  Jurassic. 


great  part  immersed,  their  ends  only  being  usually  free,  and  the 
peripheral  part  of  the  colony  may  be  formed  of  small,  angular 
"  germinal "  cells.  The  species  of  Diastopora,  in  a  restricted  sense, 
form  small  crusts  upon  foreign  bodies,  and  range  from  the  Jurassic 
to  the  present  day.    Allied  types  appear  in  the  Silurian  rocks,  and 
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IShceouT  .ndT'  "'^  ""'iV  S^-^  ^-/./...//..  The 
under  fh.  ?  '  °^  ^'^^'^^'-^  are  sometimes  included 

under   he  separate  generic  name  of  Mesenferij>ora,  or  if  cons  stin^ 
of  ^vo  layers  of  cells  placed  back  to  back,  of  L^as^o^ora  (fig  4  "f 
Beremcea  comprises  forms  which  hardly  appear  to  be  seDamble 
iTof  "TT^'  '"^-^'^  ^^P^^^'  placed  unde  th^heTd  co.^ 

om  the"  n  1   ^."P^""^P°^^^  The  genus  has  been  quot  d 

from  the  Ordovician  rocks,  and  there  are  numerous  undoubted 
Secondary,  Tertiary,  and  Recent  species  undoubted 
Also  related  to  the  7J.^./,>^/^^  i,  the  family  of  the  £n,a/op/^or 
id^  in  which  the  polyzoary  is  erect  and  free,  rising  from  an  expanded 
adherent  base,  and  formed  of  long  tubular ' cells  Ihich  usually  "pen 
all  round  the  stems.  The  genus  Entalophora  {Pustuloporl  S 
ranges  from  the  Jurassic  to  the  present  da^^  and  has  theSopen 


Fig.  ^.6^.- Entalophora  (Pustulopora)  ccllarioides,  of  the  natural  size  and  enlarged.  Jurassic. 

ing  irregularly  on  all  sides  of  the  branches.  The  name  of  Spiropora 
IS  usually  given  to  forms  essentially  similar  to  the  preceding,  but 
having  the  cells  so  disposed  that  the  cell-mouths  form  simple  circles 
or  spirals  round  the  stems.  Species  of  Spiropora  appear  as  early 
as  the  Silurian  period,  and  numerous  Secondary  and  Tertiary  types 
are  known,  while  the  genus  still  survives. 

In  the  family  of  the  IdmoneidcB,  the  polyzoary  is  erect,  and  almost 
always  more  or  less  branched,  the  branches  being  usually  round, 
and  sometimes  anastomosing  with  one  another.  The  tubular  cells 
open  on  one  side  only  of  the  polyzoary.  In  the  genus  Idvwnea 
Itself  (fig.  457,  j)  the  cells  are  disposed  in  transverse  or  oblique 
rows  on  each  side  of  the  front  faces  of  the  branches,  which  are 
divided  mesially  by  an  angulation  or  longitudinal  keel.  The  genus 
ranges  from  the  Chalk  to  the  present  day.  In  the  genus  Hornera  (fig. 
457,  k),  again,  the  polyzoary  is  branched  and  sometimes  reticulated, 
the  cells  opening  on  one  side  of  the  branches  only,  their  mouths 
being  commonly  placed  in  somewhat  rhomboidal  spaces  marked 
out  by  wavy  anastomosing  ridges.    Interstitial  pores  occur  between 


CVCLOSTOMATA. 


619 


the  cell-mouths,  and  may  be  developed  on  the  non-celluhferou 
dorsal  surface.    The  earliest  undoubted  species  of  Hornera  occur 
fn  the  Cretaceous  rocks,  and  there  are  numerous  Tertiary  and  recent 

^^'^The  family  of  the  LicJmioporidcB  comprises  discoid  polyzoaria, 
which  sometimes  in  process 
of  growth  become  confluent, 
or  may  even  become  mas- 
sive, the  colony  being  fi.xed 
by  a  broad  adherent  base 
or  by  a  narrow  peduncle. 
The  zooecia  are  tubular  and 

erect,   ana  are    in    COmpieie     ^^^^  4^  Canada,    a,  a  small  colony  attached  to  a 
contact   throughout,    or    are     coral,  of  the  natural  sbe       a  single  disc  of  the  same 
,     ° ,     .  ^  enlarged ;  c,  A  small  portion  of  the  same,  eniargea 

free  towards  their  extrem-   still  further.  (Original.) 
ities.     The  walls   of  the 

zooecia  may  be  porous  or  imperforate,  and  the  proper  zocecia  may 
be  separated  by  intermediate  cancellated  or  porous  spaces. 

The  most  ancient  type  of  the  Lichenoporidcc  appears  to  be  the  genus 
Botryllopora  of  the  Devonian  rocks  (Hamilton  formation)  of  Canada  and 
the  United  States.    In  this  genus  (fig.  462)  the  polyzoary  consists  of 
separate  or  confluent  discs,  which  are  attached  by  the  whole  of  the  under 
surface  to  foreign  bodies.    Each  disc  shows  a  series  of  elevated  ridges 
or  ribs,  which  radiate  from  a  central  area  and  are  separated  by  inter- 
vening furrows.    The  ribs  cany  the  apertures  of  the  tubular  zocecia,  and 
the  spaces  between  them  appear,  in  well-preserved  specimens,  to  be 
minutely  porous.     The  genus  Lichenopora   {Discoporelld)  comprises 
forms  in  which  the  polyzoary  has  the  form  of  a  simple  disc  or  of 
numerous  confluent  discs,  each  disc  being  composed  of  tubular  cells, 
which  are  arranged  in  lines  radiating  from  a  central  space,  and  separated 
by  intervening  intervals.    The  zocecia  are  free  towards  their  mouths,  and 
project  above  the  general  surface  ;  and  the  spaces  between  them,  as  well 
as  the  central  area,  are  occupied  by  smaller  interstitial  tubes  or  "  cancelli." 
In  some  forms,  both  the  proper  zooecia  and  the  "  cancelli"  are  provided 
with  delicate  capitate  "  rays."    In  many  structural  features  Lichmopora 
closely  approaches  Heteropora,  but  the  zooecia  of  the  latter  are  in  contact 
throughout,  and  are  not  free  towards  their  extremities.    The  forms  with 
confluent  discs  are  sometimes  separated  to  constitute  the  separate  genus 
Radiopora.    The  earliest  types  of  Lichenopora  (if  considered  as  embrac- 
ing Radiopord)  appear  in  the  Trias  ;  while  the  genus  has  Jurassic,  Cre- 
taceous, and  Tertiary  representatives,  and  still  survives  at  the  present 
day.    In  the  genus  Domopora  {Defraiicid)  the  polyzoaiy  is  discoidal  or 
massive,  simple  or  lobed,  attached  by  the  whole  base  or  by  a  stalk,  or 
sometimes  free.    The  zooecia  are  "  disposed  in  radiating  lines,  consisting 
of  one  or  more  series,  on  the  free  extremity  of  the  stem  or  lobes  ' 
(Hincks),  and  their  mouths  do  not  project  above  the  general  surface. 
The  walls  of  the  zooecia  are  penetrated  by  numerous  delicate  tubuli. 
This  genus  should  perhaps  be  removed  to  the  family  of  the  Hctei-oporida. 
The  species  of  Domopora  appear  first  in  the  Jurassic,  and  are  abundant 
in  the  Chalk,  while  Tertiary  and  living  forms  are  also  known. 
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s&r^,sc.T'"^"  and  globose,  consisting  of  mur>"us  ^us^^^^^^^ 
liner  L  f    V^u'  ""^''^^^        arranged  in  radiating  and  diveiSno- 
fio  16    crLl!f  ^^1"'^"^  ^^ries  springing  directly  from  one  anoS 

a  "series'  of  Vhirl        "^'^f'""!  ^™"P'  ^°  ^'^PO^ed  that  they  form 

a  series  of  thick  concentric  layers.     Each  concentric  stratum  is  thu^ 

Zt7f         ""^^J'^^y  ^^hich  are  firmly  ur^ted  £  thci/e^^^^^^^^ 

but  aie  free  towards  their  bases  ;  and  each  disc  is  enclosed  in  a  strSn^ 
calcareous  membrane,  the  upper  surface  alone  being  f^e"  and  el 


thf  ifaturai'Ii^i^-Tl''no,^f  "Tf?'  ^^i?  ^'/^  (Pliocene)  of  Britain,    a,  A  specimen  of 

hibiting  the  apertures  of  the  cells.  The  laterally-united  discs  are  poly- 
gona  ,  and  the  surface  (fig.  463,  a  and  B)  thus  shows  a  number  of  poly- 
gonal cups  bounded  by  strongly  elevated  ridges,  each  of  which,  in  turn, 
exhibits  a  raised  median  line  corresponding  with  the  free  edge  of  the 
epithecal  membrane.  For  the  same  reason,  tangential  sections  (fig. 
463,  D)  show  that  the  tubes  are  divided  into  polygonal  groups,  each  of 
which  is  bounded  by  a  strong  external  wall.  The  tubes  themselves  are 
in  close  contact  throughout,  their  mouths  not  projecting  above  the 
general  surface.  The  walls  of  the  tubes  are  apparently  completely  im- 
perforate ;  but  "closing-plates"  or  "  tabulce"  are  often  developed. 

The  family  of  the  FrondiporidcB  {Theonoida)  includes  forms  in 
which  the  polyzoary  is  composed  of  long  contiguous  tubes,  the 
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mouths  of  which  are  commonly  disposed  in  groups  of  different  size 
and  form,  separated  by  porous  or  imperforate  interspaces.  The 
aenera  Frondipora  and  Fasciciilipora  {Fungella)  are  both  represented 
by  species  which  range  from  the  Chalk  to  the  present  day,  and  there 
are  several  other  genera  which  are  found  in  the  Cretaceous  or 
Tertiary  rocks.  Of  the  Tertiary  forms  the  most  interesting  is  the 
aenus  Fascicularia  {Maa?idropora\  which  is  exceedingly  abundant 
in  the  Red  Crag  (Pliocene)  of  Britain.    In  this  genus  (fig.  464)  the 


Fig.  afii,.— Fascicularia  {Mceandrofora)  ccrebri/ormis.  Tertiary. 


polyzoary  is  more  or  less  massive,  generally  globose,  and  often  of 
large  size,  composed  of  long  calcareous  tubes  arranged  in  bundles, 
the  tubes  of  each  bundle  being  in  contact,  and  the  bundles  being 
enclosed  laterally  in  a  calcareous  membrane.  The  bundles  diverge 
from  the  base  of  the  colony,'  and  may  be  connected  by  horizontal 
and  concentric  plates,  or  may  be  confluent  by  their  sides  and  thus 
give  rise  to  vertical  convoluted  laminEe.  The  tubes  are  destitute  of 
"  rays,"  but  exhibit  horizontal  "  tabulae,"  and  have  minutely  porous 
walls.  In  the  common  Fasciadaria  mirantmm  of  the  Red  Crag  the 
tubes  open  on  the  surface  in  sinuous  anastomosing  ridges,  while  in 
the  allied  F.  tubipora,  of  the  same  formation,  they  open  on  rounded 
eminences. 

The  family  of  the  Heteroporidce  is  in  some  important  respects 
related  to  that  of  the  Lichenoporidce,  and  comprises  the  genera 
Heteropora  and  Heteroporella.  The  polyzoary  in  this  family  may 
be  erect  and  branched,  or  may  be  encrusting ;  and  is  composed  of 
tubular  zooecia  which  are  interspersed  among  similarly  tubular  but 
somewhat  smaller  "cancelli,"  all  the  tubes  being  in  close  contact 
throughout,  and  the  mouths  of  the  zooecia  not  projecting  above  the 
general  surface.  The  walls  of  the  zooecia  and  interstitial  tubes  or 
cancelli  are  penetrated  by  minute  tubules,  which  place  contiguous 
cells  in  communication  (fig.  456) ;  and  in  some  species  at  any  rate, 
delicate  radiating  spines  ("  rays ")  are  developed.  There  is  also 
generally  a  larger  or  smaller  number  of  "  closing-plates  "  or  "  tabulte," 
which  are  principally  developed  in  the  deeper  parts  of  the  colony. 
In  the  genus  Heteropora  itself,  the  colony  is  erect  and  branched,  the 
tubes  being  vertical  in  the  centre  of  the  branches,  but  bending  out- 
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wards  to  reach  the  surface,  their  walls  being  considerably  thickened 
m  the  outer  part  of  their  course  (fig.  456,  b).  The  earliest  forms  of 
Heteropora  appear  m  the  Jurassic  rocks,  and  the  genus  has  survived 
to  the  present  day  The  forms  included  by  Busk  in  Ifeteroporena 
are  Cretaceous  and  Tertiary,  and  the  polyzoary  is  said  to  differ  from 
ttiat  of  Heteropora  m  being  discoid  and  encrusting 

The  family  of  the  i^....././//^^  or  "Lace-corals"  constitutes  one 
of  the  largest  and  most  important  groups  of  the  Palseozoic  Polvzoa 
no  Secondary  or  Tertiary  types  belonging  to  this  family  having  been 


Fig.  nt^.—Heteropora  pellicttlata.  Waters  (  =  //.  neozelanica,  Busk),  a  recent  species  ot 
Hetero/>ora.  A,  A  fragment  of  the  polyzoary  of  the  natural  size  ;  b  and  c,  Portions  of  the  surface 
of  different  specimens,  enlarged,  showing  the  apertures  of  the  zocecia  and  cancelli ;  d,  A  portion 
of  the  surface  of  another  specimen  in  which  the  mouths  of  the  cancelli  and  some  of  the  zooecia  are 
in  places  covered  by  a  calcareous  pellicle,  enlarged.    (After  Busk,  Waters,  and  the  Author.) 

hitherto  recognised.  In  all  the  members  of  this  family  the  polyzoary 
is  reticulated,  generally  fan-shaped  or  funnel-shaped,  and  composed 
of  rigid,  calcareous,  parallel  or  slightly  diverging  branches,  which  may 
be  united  by  cross-bars  or  "dissepiments,"  or  may  be  sinuous  and 
may  unite  regularly  by  anastomosis  ;  the  frond  coming  in  both  cases 
to  be  perforated  by  symmetrically  disposed,  sub-quadrate  or  oval 
spaces  or  " fenestrules "  (figs.  466  and  467).  The  zooecia  have  the 
form  of  short,  utricular  tubes,  arranged  in  two  or  more  series  on  one 
side  only  of  the  branches,  the  reverse  side  being  non-poriferous,  and 
being  commonly  finely  striated.  AVhen  true  "  dissepiments  "  are 
present,  they  are  non-poriferous.    The  mouths  of  the  zocecia  are 
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more  or  less  circular,  and  are  often  provided  with  a  projecting  lip  or 
"  peristome." 

The  minute  structure  of  the  polyzoary  in  the  Fenestelhdcz  appears 
to  be  very  uniform.    The  cells  themselves  are  formed  of  a  layer  of 


Fig.  466. — Fcnestella.  Lyelli.    a.  Natural  size  ;  h,  Portion  enlarged  ;  c.  Cells  and  spines  in 
profile.    From  the  Carboniferous  rocks  of  Canada.    (After  Dawson.) 


perfectly  homogeneous  compact  calcite,  which  is  strengthened  by  a 
basal  striated  membrane ;  while  the  reverse  or  non-poriferous  side 
of  the  polyzoary  is  composed  of  a  thick  stratum  of  calcareous  tissue 


Fig.  467. — Minute  structure  of  Fcnestella  iuberculocarinaia,  from  the  Carboniferous  rocks  of 
Scotland.  A,  Section  taken  parallel  to  the  non-poriferous  surface,  showing  thickened  tubes  (for 
the  support  of  "  avicularia  "  ?),  enlarged,  is,  Section  parallel  to  the  celluliferous  surface  of  the 
polyzoary,  showing  the  biserial  cells  (<:) :  </,  Dissepiments  ;  /,  Fenestrules.  (Original.) 


traversed  by  exceedingly  minute  tubuli,  the  direction  of  which  is 
perpendicular  to  the  surface,  and  which  communicate  to  thin  sec- 
tions of  this  region  of  the  skeleton  an  exceedingly  characteristic 
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appearance  (fig.  453).  i„  some  cases,  as  previously  noted  the  Hnr 
sal  or  non-ponferous  side  is  traversed  by  remote,  fhS^-walled  .nd 
comparatively  large  tubes  (fig.  467,  a),  which  may  pro  e  t  aC 
he  surface  of  the  polyzoary,  and  which  may,  perhap^,  hive  served 
for  the  support  of  processes  similar  to  the  "  avicularia  "  of  the  recent 
Polyzoa  In  certau.  forms  of  the  Fenestellidce  (species  of  FenesSla 
and  Polypora),  ,t  has  been  shown  by  Mr  John  Young  that  ±e  po  f 
zoary  was  furnished  on  its  margins  or  external  surface  with  cenam 
remarkable  appendages,  which  were  originally  described  by  Profe  so" 
Martm  Duncan  and  Mr  Jenkins  under  the  name  of  PalJoryne 


Fig.  468.-Branched  appendage  of  a  Fenestellid  (the  Palsocoryne  ratiiatum  of  Duncan  and 
Jenkins),  enlarged  fifteen  diameters.    (After  Martin  Duncan  and  H.  M.  Jenkins.) 

and  which  were  regarded  by  these  observers  as  belonging  to  the 
Hydrozoa.  The  appendages  in  question  (fig.  468)  are  of  small 
size,  and  have  the  form  of  short,  robust,  calcareous  stems,  which 
spring  from  an  expanded  base,  and  are  usually  marked  with  longi- 
tudinal flutings  or  superficial  granulations,  while  the  free  extremity 
generally  terminates  in  a  whorl  of  similarly  fluted  and  ornamented 
cylindrical  processes.  In  some  cases,  as  shown  by  Mr  John  Young, 
the  terminal  processes  may  be  curved  or  hooked,  or  they  may  be 
even  united  by  lateral  cross-bars.  The  observations  of  Mr  Young 
prove  conclusively  that  the  structures  described  under  the  name  of 
Faiceocoryne  truly  form  parts  of  the  Polyzoan  to  which  they  are 


CYCLOSTOMATA. 


625 


attached,  since  thin  sections  prove  the  absolute  continuity  of  the 
substance  of  the  two;  while  the  processes  themselves  consist,  as 
does  the  polyzoary  from  which  they  spring,  of  an  external  finely- 
mbulated  layer  and  an  internal  homogeneous  stratum.  The  nature 
Z  use  of  these  singular  appendages  cannot  at  present  be  more 
than  guessed  at. 

As  reeards  the  chief  types  of  the  FeitestellidcE,  the  genus  Fenestella 
itself  rSs  from  the  Silurian  to  the  Pemiian  inclusive,  and  comprises  a 
argi  number  of  species,  the  greater  part  of  which  belong  to  the  Devonian 
and  Carboniferous  rocks.    In  this  genus  (figs.  467,  468,  and  469,  c  ana 


Fig.  460.— A,  Poriferous  side  Polyfiora  rigida  (Devonian) ;  D,  Non-ponferous  side  of  the 
same  :  C  and  d,  Poriferous  and  non-poriferous  sides  of  Fenestella  biseriata  (Devonian)  ;  E,  bection 
of  Phyllofiora  sp.  (Devonian),  showing  the  anastomosing  branches  and  the  form  and  arrangement 
of  the  cells :  f,  Non-poriferous  side  of  the  same ;  G,  Transverse  and  vertical  section  of  Car- 
hwpora  Hindei  (Devonian),  showing  the  greatly  developed  keels,  with  the  bisenal  cells  at  their 
bases ;  H,  Section  of  the  same  parallel  with  the  poriferous  face  ;  i,  Part  of  the  non-i^oriferous  side 
of  the  same.    All  the  figures  are  enlarged.    (Figs,  A— D  are  after  Hall ;  E— i  are  original.) 


d),  the  polyzoary  is  fan-shaped  or  infundibuliform,  the  cells  being  de- 
veloped oh  one  side  only,  this  being  generally,  if  not  always,  the  tuner 
side  of  the  colony.  The  branches  are  straight,  and  are  connected  at 
short  intervals  by  regularly  placed,  non-poriferous  cross-bars,  or  "  dissepi- 
ments." The  zocecia  are  always  biserial,  the  two  rows  of  each  branch 
being  separated  by  a  median  ridge  or  keel.  In  its  general  structure  the 
Devonian  genus  Carinopora  (fig.  469,  G— l)  resembles  Fenestella,  the  poly- 
zoary being  funnel-shaped,  with  the  cells  opening  on  the  inside,  and  each 
branch  having  a  double  row  of  cells  separated  by  a  median  keel.  In  this 
genus,  however,  the  keels  on  the  branches  are  enormously  developed, 
and  the  external  aspect  of  the  polyzoary  resembles  that  of  Phyllopora. 
The  genus  Semicoscinium,  also  from  the  Devonian  rocks,  is  considered 
by  Ulrich  as  identical  with  Carinopora,  but  in  this  case  the  zocecia  open 
VOL.  I.  2  R 
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on  the  outside  of  the  funnel-shaped  polyzoary.    The  remarks hlP 
vonian  genus  Unitrypa,  again,  resembles  the^vvo  precede  t^  n^ 
general  structure;  but  the  projecting  keels  which  seoaratP  hf 
of  cells  on  each  branch  are'wi^ened'at  thei.  sum.JtT 
w.th  one  another  by  thin  lateral  processes  placed  2%Srd°stances 
In  the  Carbon.ferous  genus  Ptilopora  (fig.  470)  are  inclS  formt  twh 
agree  .n  essential  structure  with  Fene^tella^2v  ilr^^^^ 
form  of  the  frond,  the  polyzoary  having  a  central  stem  w  lh  gives  off 
ateral  branches  .n  a  p.ianate  manner,  these  latter  being  connmed  bv 
d,ssepm.ents  sepa.-ated  by  oval  fenestrules.     The  ge.fus  TSw^^ 
{Arclnmedzpora)  .s  another  remarkable  Carboniferous  type  in  the 
general  structure  .s  l.ke  that  of  Fenestella,  but  the  reticulSe  poly  oarv  iS 
wound  .n  an  obhquely  sp.ral  .nanner  round  a  central  scr^w  lire  ?xis  (fig 
471,  c).    The  genus  Hehcopora  has  a  similarly  spiral  zoarium,  but  there 


Fig.  i,io.-Pmoporaplmna;  the  right-hand  figure  of  the  natural  size,  the  left-hand 
figure  enlarged.  Carboniferous. 

M  ^^"ti'al.^i^'S  developed.  Lyropora,  from  the  Carboniferous  rocks  of 
North  A.iierica,  resembles  Fettestella  in  general  features  ;  but  the  net-like 
polyzoary  is  bounded  by  sol.d  lateral  supports,  which  spring,  like  the  two 
branches  of  the  etter  U,  from  a  small  base  of  attach.^ent.  Lastly,  the 
genus  Fenestraha,  l.kew.se  from  the  Carboniferous  rocks  of  North 
Amer.ca,  d.ffers  froin  Fenestella  principally  in  the  fact  that  there  are  two 
rows  of  cells  on  each  side  of  the  median  keel  in  each  branch 

The  Carbon.ferous  genus  Aciinostoma  resembles  Fenestella  in  havin"- 
a  fenestrated  polyzoary  which  is  poriferous  on  one  side  only :  but  th? 
branches  are  not  keeled,  the  cell-mouths  are  furnished  with'  radiating 
teeth  or  rays,  and  the  zooecia  have  a  second  supple.nentary  pore  close 
to  the  proper  aperture.  The  widely  distributed  genus  PoMora  (fig.  469, 
A  and  B,  and  fig.  471,  «)  agrees  with  Fenestella  in  general  structure,  but 
the  branches  are  not  keeled,  and  there  are  fro.n  three  to  six  rows  of  cells 
to  each  branch.  As  .n  Fenestella,  howevei",  the  branches  a.-e  connected 
by  sol.d,  non-poriferous  "  dissepiments."  On  the  other  hand,  in  the  genus 
Phyllopora  (the  Retepora  of  many  authors)  the  branches  which  compose 
the  funnel-shaped  polyzoary  are  not  joined  by  dissepi.nents,  but  are 
sinuous,  and  anasto.nose  with  one  another  at  short  and  regular  intei-vals, 
so  as  to  give  rise  to  a  symmetrically  disposed  system  of  "  fenestrules " 
(fig.  469,  E  and  f).    The  zooecia  are  placed  on  the  inner  side  of  the  frond, 
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each  branch  having  from  two  to  five  rows  of  cells.  The  species  Phyl- 
loiora  range  from  the  Ordovician  rocks  to  the  Pennian.  Lastly,  m  the 
Carboniferous  genus  Goniocladia  the  branches  anastomose  as  m  Phyl- 
lopora,  but  they  are  keeled  on  both  sides,  and  there  are  three  or  four  rows 
of  cells  on  each  side  of  the  median  keel  on  the  poriferous  side. 

The  family  of  the  Acanthodadidce  comprises  a  number  of  Pate- 
ozoic  Polyzoa  which  are  in  many  respects  allied  to  the  Fefiestellidce. 


F'g-  471- — Carboniferous  Polyzoa.  a,  Fragment  Polypora  dendroides,  of  the  natural  size — 
Ireland  ;  n',  Small  portion  of  the  same,  enlarged  to  show  the  cells ;  b,  Pinnatopora  (Giauconovie) 
fuklurrima,  a  fragment,  of  the  natural  size— Ireland  ;  //,  Portion  of  the  same,  enlarged  ;  f, 
The  central  screw -like  axis  of  Archimedes  Wortheni,  of  the  natural  size  —  Carboniferous, 
America;  c'.  Portion  of  the  exterior  of  the  frond  of  the  same,  enlarged;  c",  Portion  of  the 
interior  of  the  frond  of  the  same,  showing  the  mouths  of  the  cells,  enlarged.  (After  M'Coy  and 
Hall.) 

In  this  family  the  polyzoary  is  "  poriferous  on  one  side  only,  den- 
droid, pinnate,  or  forming  fenestrated  expansions,  and  consisting  of 
strong  central  stems  and  numerous  smaller  lateral  branches  which 
proceed  from  their  opposite  margins.  The  lateral  branches  are  free, 
or  may  unite  (in  the  fenestrate  genera)  with  those  of  the  adjacent 
branches.    Non-poriferous  dissepiments  are  absent "  (Ulrich). 
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The  genus  Acanthodadia  is  Carboniferous  and  Permian,  and  possesses 
a  po  yzoary  which  is  bilaterally  branched  in  a  single  plan^  and  whkh  is 
celluhferous  on  one  side  only,  the  reverse  side  being'^solid  and  striated 
The  zooecia  are  placed  on  the  main  stem  and  branches,  and  are  multi- 
senal.  The  Carboniferous  genus  Phinatopora  (the  Glauconome  of  many 
authors)  resembles  the  preceding  in  general  form  (fig.  471,  b  and  b'\  but 
the  cells  are  bisenal  and  the  stems  have  a  more  or  less  well-developed 
keel.  The  Carboniferous  genus  Septopora  resembles  Pmjiatopora  gen- 
erally, but  becomes  fenestrated  by  the  union 
of  the  lateral  branches  of  the  polyzoary  ;  while 
the  same  thing  occurs  in  the  Permian  genus 
Sytiocladia.  In  this  last  genus  the  lateral 
branches  are  directed  obliquely  upwards,  and 
carry  two  rows  of  pores  each,  while  the  main 
stems  carry  from  three  to  five  rows  of  pores 
separated  by  a  median  keel. 

The  families  of  the  FtilodictyonidcB,  Stk- 
foporidce,  and  Cystodictyonidce  may  be  briefly 
considered  together,  since  they  contain 
Palaeozoic  Polyzoa  which  are  superficially 
very  similar  to  one  another,  and  which  are 
in  many  respects  really  allied,  though  they 
differ  in  the  internal  structure  of  the  poly- 
zoary. Owing,  however,  to  the  fact  that 
various  types  have  been  hitherto  insuffi- 
ciently examined  by  means  of  microscopic 
sections,  it  is  not  always  possible  to  separ- 
ate these  families  accurately,  or  to  refer  a 
particular  form  to  one  or  other  of  them. 
The  family  of  the  Ptilodidyonida,  more 
especially,  cannot  at  present  be  precisely 
defined,  since  the  structure  of  the  type- 
species  of  the  genus  Ptilodictya — ^viz.,  the 
P.  lanceolata,  Goldf.  sp.  of  the  Silurian 
rocks — has  not  yet  been  thoroughly  in- 
vestigated. Judging,  however,  from  ex- 
ternal characters  alone,  it  would  seem 
probable  that  the  Devonian  Polyzoan  de- 
scribed by  the  writer  under  the  name  of 
Heterodictya  gigantea  is  congeneric  with 
Ptilodictya  lanceolata,  as  understood  by 
Lonsdale ;  and  we  may  therefore  take  the 
former  as  exhibiting  the  essential  characters  of  the  genus  Ptilodictya. 
The  polyzoary  in  Ptilodictya  {Heterodictya)  gigantea  has  the  form 
of  a  flattened,  unbranched,  two-edged  frond,  which  reaches  several 
inches  in  length  and  an  inch  or  more  in  width  (fig.  472),  with  a 
thickness  in  the  centre  of  about  two  lines.    The  polyzoary  consists 


Fig.  472.  —  A  specimen  of 
Ptilodictya  (^Heterodictya)  gi- 
gantea, from  the  Devonian 
rocks  of  Canada,  of  the  natural 
size.  The  polyzoary  is  spHt  in 
half  along  its  median  plane,  and 
shows  in  places  portions  of  the 
striated  calcareous  membrane 
produced  by  the  coalescence  of 
the  two  layers  of  cells  compos- 
ing the  colony.  (Original.) 
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of  two  strata  of  tubular  zooecia,  the  bases  of  which  unite  to  form  a 
median  calcareous  striated  layer,  along  the  line  of  which  the  frond 
readily  splits.  The  zooecia  are  disposed  in  parallel  longitudinal 
lines,  those  of  the  central  rows  being  themselves  longitudinal,  while 
those  of  the  lateral  regions  of  the  colony  are  directed  obliquely 
upwards  and  outwards,  the  arrangement  of  the  cells  being  thus 
feather-like  (fig.  472).  The  two  flattened  surfaces  of  the  polyzoary 
are  wholly  covered  by  the  minute,  oval  cell-apertures.  As  regards 
the  internal  structure,  the  zooecia  have  strong,  fibrous  and  imper- 
forate walls,  and  the  cells  are  traversed  by  numerous  transverse 
calcareous  partitions  or  "tabulae,"  many  of  which,  however,  are 
incomplete,  and  do  not  extend  the  whole  way  across  the  tube  in 


Fig.  473. — Minute  structure  of  Ptilodiciya  (Hetcrodiciya)  pgantea,  Nich.,  from  the  Comifer- 
ous  Limestone  (Devonian)  of  Canada.  A,  Vertical  and  longitudinal  section,  showing  the  well- 
developed  tabulae  ;  B,  Vertical  and  transverse  section,  showing  the  incomplete  condition  of  many 
of  the  tabuljE ;  c.  Tangential  section.    All  the  figures  are  enlarged  eighteen  times.  (Original.) 


which  they  occur  (fig.  473).  The  cells  run  obliquely  to  the 
surface,  and  are  in  contact  throughout,  no  interstitial  tubes  or 
cells  being  developed. 

If  the  form  just  described  is  to  be  taken  as  a  true  Ptilodiciya,  then 
the  essential  characters  of  the  genus  Ptilodiciya  and  of  the  family 
PtilodictyonidcR  are  that  the  polyzoary  is  leaf-like,  and  composed  of 
two  layers  of  tubular  zooecia,  which  are  attached  back  to  back,  a 
spurious  mesothecal  membrane  being  formed  by  the  coalescence  of 
their  bases ;  the  cells  are  in  contact  throughout,  no  interstitial  cells 
being  present ;  the  cell-mouths  are  simple ;  and  cross-partitions  or 
"  tabute  "  are  abundantly  developed  in  the  tubes.  Owing  to  the 
uncertainty  which  at  present  attaches  to  the  limits  of  the  family 
Ptilodictyonidce,  it  is  impossible  to  speak  definitely  as  to  the  geolog- 
ical range  of  the  family ;  but  P.  lanceolata,  Goldf.,  is  Silurian,  and 
P.  {Heterodictya)  gigantea  is  Devonian. 

There  are  various  Palaeozoic  Polyzoa  that  have  been  commonly 
placed  in  the  genus  Ptilodiciya,  which  agree  with  the  preceding  in  vari- 
ous general  characters,  but  differ  in  important  sti-uctural  features.  Thus, 
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here  are  numerous  Ordovician  and  Silurian  types,  of  which  we  mav 
^^'^^Ptilodtctya  i^Stictopora?)falcif^^^^^^^  as  an  exa^mpleTin  whTchT 
polyzoary  IS  >n  the  form  of  an  unbranched,  or  slightly  braiVcl  ed  flatting 
frond  (fig  474,  a\  composed  of  two  layers  of  cells  placed  back  to  bS  a 
more  or  less  recognisable  calcareous  membrane  (the  "  mesotLca  " 'of 
Hal )  beu.g  produced  by  the  coalescence  of  their  bases.  In  the  par' 
ticular  type  here  selected  as  an  example  of  this  group  the  polyzoai^  is 
usually  unbranched,  s,ckle-shaped,  and  thin-edged,  the  mafgin  bdn, 
longi  udmal  y  striated,  and  occasionally  perforated  by  the  aper  ure  of 

w"aSi;  cirP'^'^'f  "f^  474.    and  475,  A^)  are  tubu 

lai,and  m  close  contact  throughout,  no  mterstitial  cells  being  developed ; 


Fig.  ^T^.—PtUodictya  (Stictofiora?) 
falci/orinis.  a.  Small  specimen  of  the 
natural  size  :  b,  Cross-section,  showing 
the  shape  of  the  frond  ;  c.  Portion  of  the 
surface,  enlarged.  Trenton  Limestone 
and  Cincinnati  Group,  America.  (Or- 
iginal.) 


Fig-  475- —  Structure  of  Ptilodictya  (Sticio- 
fiora  >)  falci/ormis.  A,  Tangential  section,  en- 
larged, showing  the  lozenge  -  shaped  tubes ;  B, 
Transverse  section,  enlarged,  showing  the  arrange- 
ment of  the  two  layers  of  cells.  (Original.) 


and  the  apertures  are  oval  or  lozenge-shaped.  The  tubes  (fig.  475,  b) 
are  rectangular  to  the  flat  surfaces  of  the  polyzoary,  and  they  do  not 
appear  to  be  traversed  by  "  tabulae."  An  essentially  similar  structure  is 
exhibited  by  the  Silurian  Polyzoan  described  by  Hall  under  the  name  of 
Clathropora  frondosa,  which  constitutes  the  type  of  tlie  genus  Clathro- 
pora.  In  this  case,  however,  the  polyzoary  is  composite,  and  is  formed 
by  the  inosculation  of  a  series  of  thin  leaf-like  bilaminar  fi-onds,  which 
anastomose  in  such  a  way  as  to  leave  regularly  placed  oval  perfora- 
tions or  fenestrules  ;  the  minute  structure  of  the  tubes  resembling  that 
observed  in  Ptilodictya  falcifor7nis. 

A  number  of  Ordovician,  Silurian,  and  Devonian  Polyzoa,  more 
or  less  closely  allied  in  general  characters  to  the  types  treated  of 
above,  have  been  placed  in  the  family  of  the  Stidoporidce.  It  does 
not,  however,  appear  possible  at  present  to  give  any  precise  defini- 
tion of  the  family,  since  Hall  and  Ulrich,  who  have  more  especially 
studied  the  forms  in  question,  are  not  agreed  as  to  the  limits  of  the 
genus  Siictopora,  the  type  of  the  whole  family.  The  forms  which 
have  been  generally  included  under  the  name  of  Stictopora  are 
compressed  or  leaf-like  Folyzoa,  consisting  of  two  layers  of  cells 
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placed  back  to  back,  and  usually  more  or  less  branched,  the  edges 
of  the  frond  being  non-celluliferous,  and  the  cell-mouths  bemg  oval 

or  circular.  tti  •  i. 

The  family  of  the  Cystodictyonida  is  defined  by  Ulrich  as  com- 
prising forms  of  Paleozoic  Polyzoa  in  which  the  polyzoary  consists 


Fig.  i-;6.—Cystodiclya  Gilberii,  from  the  Devonian  rocks  of  North  America.  A,  Part  of  the 
polyzoary,  enlarged  (after  Hall) ;  B,  Tangential  section  taken  just  below  the  surface,  showing 
the  trilobed  apertures  of  the  cells  ;  c.  Tangential  section  taken  at  a  deeper  level  than  the  preced- 
ing, showing  the  interstitial  vesicular  tissue  ;  D,  Part  of  a  specimen  split  along  the  median  plane, 
enlarged  ;  E,  Part  of  the  surface,  enlarged,  showing  the  porous  intercellular  tissue;  f.  Cross- 
section  of  the  polyzoary,  enlarged.  (Original.) 


of  two  layers  of  cells  placed  back  to  back,  with  tubular  zooecia, 
which  are  separated  by  irregular  vesicular  tissue.  The  cell-mouths 
have  a  small  tooth-like 
projection  on  each  side, 
giving  the  aperture  a  char- 
acteristic trilobed  form 
(fig.  476,  b)  ;  and  the 
margins  of  the  zoarium 
are  sharp  or  rounded,  and 
are  non-poriferous. 


As  an  example  of  this 
family  may  be  taken  the 
Devonian  Cystodiclya  Gil- 
bert (fig.  476),  in  which 
the  polyzoary  is  irregularly 
branched,  and  consists  of 

two  layers  of  cells  which  open  on  its  opposite  surfaces,  and  are  united 
by  a  striated  mesothecal  layer  formed  by  the  union  of  the  bases  of  the 


Fig.  477.  —  Fragment  of  Coscinium  {Coscinotryfd) 
cribriforme,  of  the  natural  size  and  enlarged.  Devonian, 
Canada.  (Original.) 
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The  family  of  the  Ceramoporidce  has  been  founded  by  Mr  Ulrich 
for  a  number  of  Palasozoic  Polyzoa  in  which  the  polyzoary  is  usually 
incrusting,  the  cell-apertures  being  triangular  or  ovate,  generally  with 
a  prominent  and  arched  lip  on  one  side.  The  type-genus  of  this 
family  is  Ceramopora  itself,  which  ranges  from  the  Ordovician  to  the 
Devonian,  and  forms  thin  crusts  upon  corals,  shells,  &c.    The  cells 


m  this  genus  are  angular,  with  a  strongly  arched  lip  and  oblique 
aperture,  and  they  usually  radiate  from  one  or  more  centres  of 
growth. 

Finally,  the  family  of  the  Rhabdo7neso7itidce  includes  a  number  of 
small  Paleeozoic  Polyzoa,  in  which  the  polyzoary  is  ramose,  and  is 
composed  of  slender,  cylindrical,  solid  or  tubular  branches,  the  cell- 
apertures  being  placed  on  all  sides  of  the  branches  (fig.  478).  The 
proper  cell-mouth  is  placed  at  a  little  distance  below  the  surface, 
and  opens  into  a  so-called  "vestibule"  or  outer  chamber,  which 
constitutes  the  apparent  cell-aperture  on  the  surface  (fig.  479,  b). 
The  cavities  of  the  zooecia  may  be  crossed  by  a  limited  number 
of  "  tabulae,"  and  the  apertures  are  sometimes  provided  with  per- 
forated "  closing-plates  " ;  while  thick-walled  tubes  (for  the  support 


Fig.  478. — Fragment  of 
Rlioiithopora  Hamilton- 
ensis,  of  the  natural  size 
and  enlarged.  Devonian, 
Canada.  (Original.) 


Fig.  479. — R/iabdovieson  gracile,  from  the  Car- 
boniferous rocks  of  Scotland.  A,  Tangential  section, 
enlarged,  b,  Vertical  section,  enlarged,  showing  the 
central  tube :  c,  The  proper  cell-mouth ;  v.  The 
outer  chamber  or  "vestibule."  (Original.) 
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of  "  avicularia  "  ?)  may  be  developed  in  the  interzooecial  spaces  (figs. 
479,  A,  and  455,  c). 

In  the  genus  Rhombopora  (fig.  478)  the  zooecia  radiate  in  all  directions 
from  an  imaginary  axis,  and  the  proper  cell-apertures  are  placed  at  the 
bottom  of  oval  or  rhomboidal  "  vestibules."  The  species  of  this  genus 
range  from  the  Silurian  to  the  Carboniferous  inclusive.  The  genus 
Rhabdomeson  is  principally,  if  not  exclusively.  Carboniferous  m  its  range, 
and  comprises  forms  which  are  essentially  similar  to  Rhombopora  in 
general  characters,  but  differ  in  the  fact  that  the  zooecia  radiate  in  all 
directions  from  an  axial  calcareous  tube  (fig.  479,  b)  running  up  the 
centre  of  the  stems. 


Sub-Order  II.  Cheilostomata. 

In  this  sub-order  are  included  all  those  Gymnolsematous  Polyzoa 
in  which  the  aperture  of  the  cell  is  subterminal,  of  less  diameter 
than  the  cell  itself,  and  usually  closed  by  a  movable  lip  or  operculum 
(fig.  480).  The  essential  char- 
acter of  the  Cheilostomata  is, 
therefore,  the  position  of  the 
cell-mouth  on  the  anterior  face 
of  the  zooecium,  instead  of  at 
its  extremity.  The  aperture 
can  also  be  usually  closed  by 
a  semicircular  movable  lid, 
which  may  or  may  not  be 
calcified,  and  which  is  almost 
always  destroyed  in  fossilisa- 
tion.  The  extent  to  which 
calcification  of  the  ectocyst 
occurs  in  the  Cheilostomata 
varies  greatly  in  different  types. 
Sometimes  the  polyzoary  re- 
mains completely  corneous  (as  in  the  Flustrida),  in  which  case  it  is 
incapable  of  preservation  in  the  fossil  condition ;  whereas  in  other 
cases  the  entire  cell-wall  may  be  calcified.  There  are  many  forms, 
however,  in  which  an  intermediate  state  of  parts  obtains,  the  hinder 
and  lateral  portions  of  the  cell  being  calcified,  while  a  larger  or 
smaller  area  of  the  anterior  wall,  particularly  in  the  neighbourhood 
of  the  mouth,  remains  in  a  membranous  or  horny  state.  Hence,  in 
such  cases  the  cells,  in  the  fossil  condition,  are  more  or  less  largely 
open  in  front.  In  other  cases,  where  the  polyzoary  is  incrusting, 
the  posterior  wall  of  the  cells  may  be  uncalcified. 

"  Avicularia "  and  "  vibracula  "  are  commonly  developed  in  the 
Cheilostomata,  and  in  the  case  of  the  living  forms  afford  valuable 
characters  in  classification.    In  fossil  forms,  however,  these  minute 


Fig.  480. — Cells  of  Cheilostomatous  Polyzoa, 
enlarged,    c,  Ectocyst ;  /,  Operculum  ;  o,  Ovicell ; 
Immersed  avicularium.    (After  Busk.) 
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appendages  can  hardly  ever  be  preserved,  though  their  former  exist- 
ence may  be  mferred  from  the  presence  of  "  special  pores  "  which 
are  usually  placed  near  the  mouth,  or  the  existence  of  thickened 
tubular  supports  which  penetrate  the  substance  of  the  polyzoary  and 
are  thus  recognisable  in  thin  sections  (fig.  455,  a). 

The  "  ovicells "  or  marsupial  pouches  of  the  Cheilostomata  are 
very  characteristic  structures,  though  they  may  be  wanting,  or  may 
be  so  deeply  immersed  in  the  skeleton  as  to  be  inconspicuous 
Most  usually,  the  ovicells  have  the  form  of  globular  or  helmet- 
shaped  sacs  (fig.  480,  b)  appended  to  the  anterior  end  of  the  cells, 
and  placed  in  communication  with  the  cavity  of  the  latter  by  special 
openings. 

New  cells  are  produced  by  budding  from  the  anterior  ends  or 
lateral  margins  of  the  pre-existing  cells,  and  all  the  zooecia  remain 
to  some  extent  directly  connected  with  one  another.  In  the  Cheil- 
ostomata generally  contiguous  cells  are  placed  in  communication 
with  one  another  by  means  of  perforated  portions  of  their  cell-walls 
("  rosette-plates "),  the  number  and  position  of  these  structures 
varying  in  different  cases.  These  "  rosette-plates  "  correspond  with 
the  pores  which  are  so  commonly  developed  in  the  cell-wall  of  the 
Cyclostomatous  Polyzoa,  but  their  presence  can  only  be  detected 
in  the  fossil  forms  in  cases  where  the  condition  of  preservation  is 
exceptionally  good. 

As  regards  the  distribution  of  the  Cheilostomata  in  time,  it  is 
doubtful,  as  previously  noted,  if  any  representatives  of  this  sub-order 
have  hitherto  been  detected  in  the  Palaeozoic  rocks,  though  there 
are  some  Palaeozoic  types  (such  as  Paleschara)  which  may  belong 
here.  On  the  other  hand,  in  the  Secondary  rocks,  from  the  Jurassic 
onwards,  we  meet  with  an  abundance  of  the  remains  of  Cheilosto- 
matous  Polyzoa,  while  a  vast  number  of  Tertiary  forms  have  been 
described.  As  the  characters  which  separate  the  different  groups 
of  the  Cheilostomata  are  for  the  most  part  difficult  of  recognition, 
and  as  the  classification  of  the  group  is  still  in  a  more  or  less 
unsettled  condition,  it  will  be  necessary  here  to  deal  with  the 
families  of  the  sub-order  very  briefly.  The  arrangement  here 
followed  is,  in  the  main,  that  adopted  by  Hincks,  but  only  those 
families  which  from  their  size  or  palaeontological  significance  are  of 
special  importance,  are  alluded  to. 

In  the  family  of  the  Cellulariidcz,  the  polyzoary  is  erect  and 
dichotomously  branched,  with  linear  divisions,  composed  of  cells 
arranged  in  the  same  plane.  The  genus  Cellularia  has  no  fossil 
representatives,  but  Scrupocellaria  (fig.  457,  e)  is  known  both  by 
Recent  and  Tertiary  species. 

In  the  family  of  the  Cellariidce  {SalicornariadcB  of  Busk),  the  poly- 
zoary is  erect  and  dichotomously  divided,  the  branches  being  cylin- 
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drical,  and  the  zooecia  disposed  round  an  imaginary  axis.  The  type- 
genus  is  Cellaria  Salicornaria),  in  which  the  surface  (fig.  457>  c) 
is  divided  into  rhomboidal  or  hexagonal  spaces,  representing  the 
front  walls  of  the  cells;  and  irregularly  disposed  avicularia  are  present. 
The  species  of  this  genus  range  from  the  Chalk  to  the  present  day. 

The  family  of  the  Vinculariidce  is  typified  by  the  genus  Vmcularm, 
the  species  of  which  are  Cretaceous,  Tertiary,  and  Recent.  In  this 
genus  (fig.  457,  i)  the  polyzoary  is  erect,  branched,  and  rigid,  the 
zocecia  being  disposed  alternately  round  an  imaginary  axis,  and  hav- 
ing a  raised  border  in  front. 

The  great  family  of  the  Membraniporidce  includes  forms  in  which 
there  is  a  calcareous  or  corneo-calcareous  polyzoary,  composed  of 
horizontal  and  contiguous  cells,  the  colony  forming  an  incrusting 
expansion,  or  in  some  cases  giving  rise  to  an  erect  growth.  The 
zocecia  are  generally  separated  by  raised  margins,  the  front  wall 
remaining  more  or  less  uncalcified.  Owing  to  the  membranaceous 
structure  of  the  anterior  walls  of  the  cells,  the  front  of  the  zooecia  in 
fossil  specimens  always  appears  to  be  more  or  less  largely  open.  In 
the  extensive  genus  Membranipora  (fig.'  481),  the  cells  are  surrounded 
by  a  well-marked  elevated  border, 
the  space  included  within  which 
is  technically  spoken  of  as  the 
"area."  The  entire  "area"  may 
be  occupied  by  a  horny  mem- 
brane, in  which  the  true  cell-aper- 
ture is  pierced ;  and  when  this  is 
the  case,  the  entire  "area"  in  the 
fossil  condition  is  open.  In  other 
cases  a  larger  or  smaller  part  of  the 
membrane  occupying  the  "  area " 
may  be  calcified,  the  remainder 
being  left  permanently  soft.  In 
these  cases  the  "  area  "  of  the  cell  in  fossil  examples  exhibits  a  more 
or  less  extensive  deficiency  or  "  aperture,"  which  is  always  of  greater 
size  than  the  proper  cell-mouth  itself.  The  polyzoary  in  the  genus 
Membranipora  is  always  incrusting,  and  the  numerous  species  of  the 
genus  range  from  the  Chalk  to  the  present  day.  A  similar  geological 
range  is  possessed  by  the  genus  Biflustra,  in  which  the  polyzoary  is 
generally  erect  and  foliaceous,  and  is  tj^pically  composed  of  two  layers 
of  cells  placed  back  to  back. 

In  the  family  of  the  Microporidce  the  polyzoary  is  incrusting,  or 
sometimes  free  and  unilaminar,  and  the  zooecia  resemble  those  of 
the  preceding  family  in  being  surrounded  by  elevated  margins  (fig. 
482,  a),  but  the  front  wall  of  the  cells  is  completely  calcareous. 
The  genus  Micropora  (fig.  482,  a)  comprises  forms  in  which  the 


Fig.  481. — Membranipora.  oceani,  show- 
ing the  sub -terminal  mouths  of  the  cells. 
Upper  Cretaceous. 
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cell-mouth  is  surrounded  by  a  thickened  border,  and  the  species  con- 
tained in  It  range  from  the  Chalk  to  the  present  day. 

The  family  of  the  Cribrilinidce  comprises  forms  in  which  the  poly- 
zoary  is  sometimes  incrusting,  sometimes  free  and  foliaceous  The 
zooecia  have  their  front  wall  more  or  less  fissured,  or  traversed  by 
radiating  ribs  separated  by  intervening  furrows,  which  may  be  closed 
or  perforated  (fig.  482,  b).  The  type-genus  of  this  family  is  Crib- 
rihna  itself  {=Lepralia  in  part),  of  which  both  recent  and  fossil 
forms  are  known,  the  earliest  of  the  latter  appearing  in  the  Cretaceous 
deposits. 

The  family  of  the  Microporellida  also  includes  a  number  of  the 
incrusting  or  erect  types  of  Polyzoa  which  were  included  by  older 


^  ■'^i^-.  '^'^"^  o(  M,cro/>ora  complanata  (Tertiary  and  Recent),  enlarged;  b,  Cells  of 

Lribrilma  radtata  (Cretaceous,  Tertiary,  and  Recent),  enlarged;  c,  Cells  q(  Microporella  im- 
pressa  (1  ertiary  and  Recent),  enlarged.    (After  Hincks.) 


writers  under  the  comprehensive  name  of  Lepralia ;  the  essential 
characters  of  the  family  being  found  in  the  fact  that  the  cell-aperture 
is  more  or  less  semicircular,  with  an  entire  lower  margin,  while  the 
front  wall  of  the  zooecia  exhibits  a  semilunate  or  circular  "  special 
pore"  (fig.  482,  c).  The  type-genus  of  this  family  is  Microporella 
itself,  the  species  of  which  are  Tertiary  and  Recent. 

The  great  family  of  the  Escharida  (including  under  this  name 
also  the  Myriozoidce.  of  Hincks)  comprises  forms  in  which  the  poly- 
zoary  is  always  completely  calcareous,  and  may  be  incrusting,  or 
erect  and  foliaceous,  or  sometimes  dendroid.  The  zooecia  are  with- 
out a  membranous  area  or  raised  margins,  the  cell-wall  being  entire 
or  variously  punctured,  but  always  without  special  pores  opening 
into  the  perivisceral  cavity.  In  the  Tertiary  and  Recent  genus 
Schizoporella  (fig.  483,  b)  the  polyzoary  is  sometimes  incrusting, 
sometimes  free  and  foliaceous,  and  the  lower  lip  of  the  cell-aperture 
has  a  distinct  notch  or  sinus,  representing  the  median  pore  in  the 
Microporellidce.  In  the  genus  Hippothoa  the  form  of  the  cell-mouth 
is  very  similar  to  that  seen  in  Schizopo7-el/a,  but  the  zooecia  are  "  dis- 
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tant  caudate,  and  connected  with  one  another  by  a  slender  prolonga- 
tion'of  the  lower  extremity,  so  as  to  form  a  Hnear  series"  (Hmcks). 
The  earhest  forms  of  this  type  appear  in  the  Cretaceous  rocks,  and 
the  genus  still  survives.  The  genus  Eschara,  as  formerly  under- 
stood, has  been  reconstructed  by  modern  authorities,  and  its  most 


Fig.  483.— A,  Cells  of  Lefiralia  pallasinna  (Tertiary  and  Recent),  enlarged.  B,  Cells  of 
Schizoporella.  unicornis  (Tertiary  and  Recent),  enlarged,  c.  Cells  of  Mucronella  cocanea  (Ter- 
tiary and  Recent),  enlarged  :  a,  Avicularium;  0,  Ovicell.    (After  Busk  and  Hincks.) 

characteristic  forms  find  a  place  in  the  genus  Lepralia,  as  at  present 
restricted.  In  this  genus,  the  polyzoary  may  be  incrusting  or  erect 
(fig.  484),  and  the  foliaceous  forms  may  be  unilaminar,  or  may  be 
composed  of  two  layers  of  cells  united  back  to  back.  The  zooecia 
are  ovate,  with  a  more  or  less 
horse  -  shoe  -  shaped  aperture,  the 
lower  lip  of  which  is  entire  (fig. 
483,  a).  The  species  of  this  genus 
range  from  the  later  Secondary 
period  to  the  present  day.  In  the 
genus  Forella,  the  original  cell- 
mouth  is  semicircular,  but  there 
is  formed  round  this  a  secondary 
and  larger  mouth  which  encloses 
an  avicularium.  The  species  of 
this  genus  are  Tertiary  and  Recent.  The  genus  Sinittia  (fig. 
451,  b)  resembles  the  preceding  in  most  characters,  but  the 
secondary  mouth  is  elongated  and  is  channelled  in  front,  while 
the  lower  lip  of  the  primary  aperture  is  dentate.  The  species 
of  Smittia  are  Tertiary  and  Recent.  Mucronella  is  another  allied 
genus,  in  which  the  peristome  (fig.  483,  c)  is  elevated  in  front  into  a 
more  or  less  prominent  mucro.  The  species  of  the  genus  are  Ter- 
tiary and  Recent. 

Related  to  the  preceding,  but  perhaps  forming  the  type  of  a 
separate  family  {Reteporida\  is  the  genus  Retepora  (fig.  485),  in 


Fig.  484. — Lepralia  (Eschara)  Ranvilliana. 
Jurassic. 
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which  the  polyzoary  is  erect  and  calcareous,  and  usually  has  the 
form  of  a  reticulate  or  fenestrated  expansion,  which  is  adherent  by 
means  of  an  incrusting  base.  The  zooecia  are  developed  on  the 
front  face  only  of  the  zoarium,  the  dorsal  surface  being  smooth  or 
striated,  and  carrying  avicularia  supported  upon  tubercles.  The 
cells  are  closely  united  or  immersed,  and  on  the  lower  margin  of  the 
cell-mouth  is  a  prominent  rostrum  carrying  an  avicularium.  The 
species  of  Retepora  range  from  the  Chalk  to  the  present  day. 

The  family  of  the  Celleporida  includes  forms  with  a  calcareous 
polyzoary,  which  may  be  incrusting,  or  ramose,  or  massive,  and 


A 


Fig.  485. — Retepora  cellulosa,  from  the  Red  Crag  (Pliocene).     A,  A  fragment,  of  the  natural 
size  ;  B,  Part  of  the  poriferous  surface,  enlarged.    (After  Busk — copied  from  Zittel.) 

which  consists  of  irregularly  heaped  up  zooecia,  which  are  urceolate 
in  form  and  have  sub-terminal  mouths.  The  principal  genus  in  this 
family  is  Cellepora  itself  (fig.  457,  b),  in  which  the  cell-mouths  have 
in  their  immediate  vicinity  one  or  more  ascending  rostra  carrying 
avicularia.  The  genus  is  widely  distributed  in  the  Tertiary  rocks, 
and  numerous  existing  species  are  known. 

Lastly,  we  have  the  singular  family  of  the  Sele?tariidce,  including 
the  allied  genera  Selenaria,  Cupularia,  and  Lunulites  (fig.  457,  d), 
in  which  the  polyzoary  is  unattached,  and  consists  of  a  plano-con- 
vex or  concavo-convex  disc,  composed  of  only  one  layer  of  cells, 
the  mouths  of  which  open  on  the  convex  surface.  The  three 
genera  above  mentioned  are  the  principal  ones  comprised  in  this 
family,  and  they  range  from  the  Chalk  to  the  present  day. 
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CHAPTER  XXXIV. 

MOLLUSCOIDEA  —  continued. 
Brachiopoda. 

Brachiopoda  {Palliobranchiatd). — The  members  of  this  class  are 
defined  by  the  possession  of  a  body  protected  by  a  bivalve  shell,  which 
is  lined  by  an  expansion  of  the  integument,  or  "  mantle."  The  month 
is  furnished  with  two  long  spirally  -  coiled  cirriferous  processes  or 
" arms"  which  act  as  respiratory  organs.  The  nervous  systejn  coti- 
sists  of  an  oesophageal  ring,  upon  ivhich  infra-cesophageal  and  supra- 
oesophageal  ganglia  are  developed.  Ofte  or  two  pairs  of  tubular 
"  nephridia "  are  present,  which  act  as  ducts  to  the  reproductive 
organs.     The  sexes  are  distinct  or  united. 

The  Brachiopoda  are  essentially  very  similar  in  structure  to  the 
Folysoa,  from  which  they  are  distinguished  by  the  fact  that  they  are 
never  composite,  and  by  the  possession  of  a  bivalve,  calcareous,  or 
sub-calcareous  shell.  All  the  living  forms,  except  Lingula  {Glottidia) 
pyramidata  (fig.  486)  are  fixed  in  their  adult  condition  to  some 
foreign  object,  but  many  of  the  fossil  forms  seem  to  have  been 
permanently  free  and  unattached. 

As  regards  the  anatomy  of  their  soft  parts,  the  internal  organs  in 
the  Brachiopoda  are  enclosed  within  two  integumentary  expansions 
which  constitute  the  "  lobes  "  of  the  "  mantle,"  and  which  are  gener- 
ally regarded  as  being  placed  on  the  dorsal  and  ventral  aspects  of 
the  body  respectively.  The  space  included  between  these  two  flaps 
of  the  integument  is  the  "  pallial  cavity,"  the  viscera  and  muscles 
being  situated  towards  the  beaks  of  the  shell,  and  separated  from 
the  mantle-cavity  by  a  membranous  partition,  which  is  perforated 
by  the  aperture  of  the  mouth  (fig.  487).  The  larger  part  of  the 
mantle-cavity  is  occupied  by  two  long  oral  processes,  commonly 
spoken  of  as  the  "  arms,"  which  are  the  principal  organs  of  respira- 
tion, and  also  serve  to  bring  food-particles  to  the  mouth  by  the  cur- 
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rents  set  up  by  the  vibrating  cilia  with  which  they  are  covered. 
The  "arms"  are  homologous  with  the  tentacular  crown  ("lopho- 
phore ")  of  the  Fofyzoa,  and  have  the  form  of  lateral  tubular  pro- 
longations of  the  margins  of  the  mouth,  usually  of  great  propor- 
tionate length,  coiled  up  spirally  and  fringed  with  ciliated  lateral 
processes  or  "cirri"  (fig.  487).  In  a  few  forms  the  arms  can  be 
protruded  from  between  the  opened  valves  of  the  shell,  and  in 
many  types  they  are  supported  upon  a  more  or  less  complicated 


Fig.  486.— Morphology  of  Brachiopoda.  a,  Lingula  {Glottidia)  pyraviidata  (after  Morse)  : 
/,  Peduncle;  s,  Sand-tube,  encasing  base  of  peduncle,    d,  Lingula  (after  Cuvier) :  p, 

The  peduncle,  c,  Waldhezinia  cranium,  with  adherent  young,  attached  to  a  stone  (after 
Davidson) :  p,  Peduncle  ;  v,  Ventral  valve  ;  d.  Dorsal  valve.  D,  Crania  Ignabergciisis,  attached 
by  its  ventral  valve  to  a  piece  of  coral  (Chalk). 

internal  calcareous  framework  or  "loop,"  the  structure  of  which 
will  be  considered  in  greater  detail  hereafter. 

On  the  inner  side  of  the  cirri  of  the  arms  is  a  ciliated  furrow  or 
"  brachial  groove,"  which  conducts  to  the  opening  of  the  mouth, 
and  which  serves  for  the  conveyance  of  nutritive  particles  carried  in 
the  water-currents  set  up  by  the  cilia.  The  mouth  conducts  by  an 
cesophagus  to  a  globular  stomach,  surrounded  by  a  well-developed 
granular  "  liver."  The  intestine  is  sometimes  short,  sometimes  long 
and  coiled,  and  it  may  either  terminate  in  a  distinct  anal  aperture 
(as  in  Lingula  and  the  other  genera  of  Inarticulate  Brachiopods),  or 
it  may  end  blindly  in  the  middle  line  (as  in  Terebratula  and  the 
Articulate  genera  of  Brachiopods  generally).  A  distinct  heart  is 
present,  in  some  cases  at  any  rate,  and  has  the  form  of  a  contractile 
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vesicle  situated  on  the  dorsal  side  of  the  stomach.  The  body-cavity 
proper  is  filled  with  a  corpusculated  fluid,  and  sends  out  branched 
prolongations  into  the  substance  of  the  pallial  lobes.    These  so- 


B 


Fig.  ^Sy. — Anatomy  of  IVald/ietmia flavescens.  A,  View  of  the  animal  after  the  ventral  valve 
of  the  shell  has  been  removed,  enlarged.  B,  Longitudinal  section,  enlarged  :  d.  Spirally-coiled 
"arm,"  with  lateral  cirri  (/i) ;  a.  Adductor  muscle;  c,  d,  Divaricator  muscles;  j.  Septum;  v, 
Mouth  ;  z.  Terminal  portion  of  the  alimentary  canal.    (After  Davidson.) 


called  "  pallial  sinuses  "  often  leave  well-marked  branching  "  vascular 
impressions  "  on  the  internal  casts  of  the  fossil  Brachiopods  (fig.  488). 
The  central  nerve-system  of  the  Brachiopods  has  the  form  of  a 


Fig.  488. — Internal  cast  o{  Rhynchonella  aciimmata,  from  the  Carboniferous  rocks,  viewed 
ventrally  and  from  the  umbonal  aspect,  a,  Mark  left  by  the  adductor  muscle  ;  R,  Cardinal 
muscular  impression  :  P,  Mark  left  by  the  peduncle;  v,  "Vascular  impressions";  o,  Ovarian 
irapre-ssions.   (After  Davidson.) 


circum-oesophageal  ring,  with  a  large  sub-oesophageal  ganglion,  and 
sometimes  small  supra-oesophageal  ganglia  as  well.    The  sexes  are 
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sometimes  united,  but  are  more  commonly  distinct,  and  the  repro- 
ductive elements  reach  the  exterior  by  means  of  two  or  four  tubular 
"  nephridia,"  which  open  on  the  one  hand  into  the  body-cavity,  and 
on  the  other  hand  into  the  pallial  chamber.  The  generative  glands 
are  developed  in  the  lobes  of  the  mantle,  and  commonly  leave  im- 
pressions on  internal  casts  of  the  shell  (fig.  488,  o).  The  embryo 
is  ciliated  and  freely  locomotive,  but  becomes  fixed  in  the  course  of 
its  development. 

The  shell  of  the  Brachiopoda  is  essentially  calcareous,  but  it  may 
be  largely  composed  of  horny  matter  (as  in  Discina),  or  the  car- 
bonate of  lime  may  be  largely  replaced  by  phosphate  (as  in  Lingula). 


Fig.  489.— Minute  structure  of  the  shell  of  the  Bracltiof'oda.  a,  Tangential  section  of  the 
shell  of  the  recent  IV aldlieimiajlavescens,  greatly  enlarged,  showing  the  tubuli  and  the  ends  of 
the  flattened  fibrous  prisms  of  the  shell ;  b,  Vertical  section  of  the  same,  less  highly  magnified  ; 
c,  Tangential  section  of  the  shell  of  Cyrtina  Hamiltonensis,  from  the  Devonian  rocks  of  Canada, 
greatly  enlarged,  the  tubuli  being  mostly  filled  with  peroxide  of  iron  ;  D,  Vertical  section  of  the 
same,  less  highly  magnified.  (Original.) 

In  the  genus  just  mentioned,  the  shell  consists  of  alternating  layers 
of  horny  and  calcareous  composition,  the  calcareous  layers  being 
traversed  by  fine  tubuli.  As  regards  its  microscopic  structure,  the 
shell  of  the  Brachiopods  consists  of  "  flattened  prisms,  of  consider- 
able length,  arranged  parallel  to  one  another  with  great  regularity, 
and  at  a  very  acute  angle — usually  only  about  10°  or  12° — with  the 
surfaces  of  the  shell"  (Carpenter).  The  oblique  fibrous  prisms 
which  compose  the  shell  are  best  seen  in  vertical  sections  (fig. 
489,  b),  but  their  irregular  and  closely  dove-tailed  extremities  are 
also  shown  in  tangential  sections  (fig.  489,  a  and  c).    In  some 
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types  of  the  Brachiopods,  as  in  the  genus  Rhynchonella,  the  shell- 
structure  is  simply  fibrous.  In  many  forms,  however,  the  shell  is 
perforated  by  a  series  of  minute  canals,  which  pass  from  one  surface 
of  the  shell  to  the  other,  in  a  more  or  less  vertical  direction,  being 
in  general  more  or  less  dilated  just  before  they  reach  their  termina- 
tion on  the  exterior  of  the  shell  (fig.  489,  b  and  d).  These  canals 
give  the  shell  a  "punctated"  structure,  and  in  the  living  animal 
they  contain  caecal  tubuli,  or  solid  prolongations,  derived  from  the 
mantle.  In  some  forms  (as  in  Producta  and  Chonetes)  the  tubuli 
do  not  reach  the  exterior  of  the  shell,  the  outer  layer  being  simply 
fibrous.  Though  the  shell  is  in  some  groups  of  the  Brachiopods 
always  "  punctate,"  there  are  nearly  allied  types  in  which  the  shell 
may  be  "impunctate"  in  one  case  and  "punctate"  in  another. 
Thus,  the  shell  is  simply  fibrous  in  Rhynchonella,  but  is  tubulated 
in  the  nearly  related  genus,  or  sub-genus,  Rhynchoporma. 

The  two  valves  of  the  shell  in  any  Brachiopod  are  articulated 
together  by  an  apparatus  of  teeth  and  sockets,  or  are  kept  in  apposi- 
tion by  muscular  action  alone.    As  regards  the  contained  animal, 


Fig.  490. — Rhynchonella  sulcata,  a,  Profile  view;  B,  View  of  the  dorsal  surface;  c,  View  of  the 
base,   a.  Ventral  valve ;  b,  Dorsal  valve  ;  f.  Base ;     Beak  ;  k.  Foramen.    Lower  Cretaceous. 


the  position  of  the  valves  is  anterior  and  posterior,  so  that  they  are 
properly  termed  the  "  ventral  "  and  "  dorsal  "  valves.  One  of  the 
valves  is  always  slightly,  sometimes  greatly,  larger  than  the  other, 
so  that  the  shell  is  said  to  be  "  inequivalve "  (fig.  490).  On  the 
other  hand,  a  line  drawn  vertically  from  the  beak  of  the  shell  to  its 
base  (in  fig.  490,  b,  from  c  to  /)  would  divide  it  into  two  equal  halves, 
so  that  the  shell  is  said  to  be  "  equilateral."  In  the  true  Bivalve 
Shell-fish  {Lamellibranchiatd),  on  the  contrary,  the  valves  of  the 
shell  are  placed  upon  the  sides  of  the  contained  animal,  so  that 
they  are  "  right  and  "  left,"  instead  of  being  dorsal  and  ventral. 
Further,  the  two  valves  are  usually  of  the  same  size  ("  equivalve  "), 
and  a  line  drawn  from  the  beak  to  the  base  would  almost  always 
divide  the  shell  into  unequal  halves ;  so  that  the  shell  is  "  inequi- 
lateral." 
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Ordinarily,  the  ventral  valve  of  the  shell  of  the  Brachiopods  is  the 
larger  of  the  two,  and  it  is  generally  furnished  with  a  prominent 
curved  "beak."  Very  commonly  the  beak  is  perforated  by  a  larger 
or  smaller  aperture,  which  is  termed  the  "  foramen "  (fig.  490,  b), 
and  which  serves  for  the  transmission  of  a  muscular  peduncle  or 
stem  by  which  the  shell  is  attached  to  some  foreign  object.  In 
some  cases,  however  (as  in  Lingula,  fig.  486,  b),  the  peduncle 
simply  passes  between  the  apices  of  the  valves,  and  there  is  no 
foramen ;  whilst  in  others  (as  in  Crania,  fig.  486,  d),  the  shell  is 
merely  attached  by  the  substance  of  the  ventral  valve.  The  dorsal 
valve,  which  is  also  usually  the  smaller,  is  always  free,  and  is  never 
perforated  by  a  foramen.  Further,  as  already  remarked,  there  is 
reason  to  believe  that  some  fossil  forms  were  free  and  unattached 
in  their  adult  condition. 

The  Brachiopoda  are  divided  into  two  primary  sections  according 
as  the  valves  are  held  together  by  muscular  action  alone,  and  there 
is  no  "hinge"  developed  {^^  Inarticulata"),  or  as  the  valves  are  pro- 


Fig.  491. — Muscular  system  of  Waldheiinia  Jlavescens.  M,  Ventral  valve  ;  n,  Dorsal  valve  ; 
/.Loop;  V,  Mouth;  z,  Extremity  of  intestine;  a  a,  Adductor;  c,  Divaricators ;  c',  Accessory 
divaricators ;  b,  Ventral  adjusters;  l/,  Peduncular  muscle;  t".  Dorsal  adjustors;  p,  Peduncle. 
(After  Hancock.) 

vided  with  a  proper  "hinge"  Articulata").  In  the  Articulated 
Brachiopods  the  valves  are  united  at  their  beaks  by  means  of  two 
teeth  which  are  developed  on  the  ventral  valve,  and  fit  into  cor- 
responding sockets  in  the  dorsal  valve.  Behind  the  dental  sockets 
of  the  dorsal  valve  there  is  usually  a  prominent  process  ("  cardinal 
process  "),  to  which  are  attached  the  so-called  "  cardinal "  or  "  divari- 
cator"  muscles  (fig.  491,  c).  These  are  inserted  on  each  side  of 
the  centre  of  the  ventral  valve,  two  pairs  being  usually  present ;  and 
they  serve  to  open  the  shell,  no  structure  corresponding  with  the 
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"  ligament "  of  the  Bivalve  Molluscs  being  developed.  One  pair  of 
"  divaricators  "  is  of  much  smaller  size  than  the  other,  and  the  name 
of  "  accessory  divaricators  "  is  given  to  these.  The  valves,  on  the 
other  hand,  are  held  together  by  a  pair  of  "  adductor  "  or  "  occlusor  " 
muscles  (fig.  491,  a),  which  pass  from  one  valve  to  the  other,  in  the 
neighbourhood  of  the  beaks.  The  adductors  bifurcate  about  the 
middle,  so  as  to  produce  a  large  quadrangular  impression  on  the 
internal  surface  of  the  dorsal  valve  (fig.  492,  b,  a  a)  and  a  single 
divided  impression  towards  the  centre  of  the  ventral  valve  (fig. 
492,  A,  a).  There  are  also,  in  some  cases,  muscles  connected  with 
the  movements  of  the  peduncle;  and  others  (the  "dorsal"  and 
"  ventral  adjusters  "),  which  have  the  function  of  erecting  the  shell 
and  also  that  of  attaching  the  peduncle  to  the  shell.    In  the  Inar- 


Fig.  492. — A,  Interior  of  the  ventral  valve  of  JVald/iez'mia  Jlavescens:  f.  Foramen;  d,  Delti- 
dium  ;  /,  Teeth;  a,  Adductor  impressions;  Impressions  of  the  divaricator  muscles;  c\  Acces- 
soiy  divaricators  ;  b,  "  Ventral  adjusters  "  ;  b'  Peduncular  muscle,  b,  Interior  of  the  dorsal  valve 
of  IValdheijnia  Jlavescens :  c  c\  Cardinal  process ;  b  b\  Hinge-plate  ;  Sy  Dentai  sockets ;  /, 
Loop  ;  <7,  Crura  of  the  loop  ;  a  a,  Adductor  impressions  ;  c,  Point  of  attachment  of  the  accessory 
divaricator ;  b,  Point  of  attachment  of  the  peduncular  muscles  ;       Septum.    (After  Davidson.) 

ticulated  section  of  the  Brachiopoda,  as  in  Lingula,  the  arrangement 
of  the  muscles  by  which  the  valves  are  opened  and  shut  is  still  more 
complicated. 

The  "  arms  "  or  "  brachial  processes  "  are  in  some  cases  simply 
coiled  up  within  the  shell,  but  in  other  cases,  as  previously  noted, 
they  are  supported  by  a  more  or  less  complicated  calcareous  skeleton, 
which  is  known  as  the  "loop"  or  "apophysis"  (fig.  492,  b).  When 
present,  the  loop  is  always  attached  to  the  dorsal  valve  of  the  shell, 
and  though  it  serves  to  support  the  brachial  membrane,  it  does  not 
strictly  follow  the  course  of  the  arms.  In  its  simplest  form,  the  loop 
is  a  thin  ribbon-shaped  calcareous  lamella,  the  two  ends  of  which 
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spring  from  near  the  hinge  of  the  dorsal  valve,  while  the  free  end 
of  the  loop  is  folded  back  upon  itself  (fig.  492,  b).  "In  some 
genera  it  extends  to  upwards  of  three-fourths  of  the  length  of  the 
shell,  as  in  Waldheimia  ;  but  in  others  it  is  short,  and  projects  but 
little  beyond  the  hinge-line.  In  some  genera  it  is  attached  only  to 
the  hinge-plate,  as  in  Terebratula,  Waldheuma,  &c.  ;  in  others,  to 
a  central  longitudinal  plate  or  septum,  as  in  Terebratella,  &c.  In 
certain  families  the  apophysis  presents  the  form  of  two  spirally-coiled 
lamellfe,  which  nearly  fill  the  interior  of  the  shell ;  the  ends  of  the 
spirals  being  directed  outwards  or  towards  the  cardinal  angles,  as  in 
Spirifera  (fig.  493),  Athyris,  &c. ;  or  horizontally,  the  apices  facing 
each  other  towards  the  centre  of  the  shell,  as  in  Glassia.  Again, 
the  spirals  are  sometimes  vertical,  their  inner  sides  being  pressed 
together  and  flattened,  with  their  terminations  close  together  and 
facing  the  bottom  and  centre  of  the  dorsal  valve,  as  in  Atrypa  " 
(Davidson).  The  spiral  processes  are  also  commonly  connected  by 
a  more  or  less  complicated  system  of  lamellae,  which  vary  in  shape 


Fig.  6,!)^.— Spirifera  hysterica — Carboniferous.  The  right-hand  figure  shows  the  interior  of 
the  dorsal  valve,  with  the  calcareous  spires  for  the  support  of  the  arms,  g g.  Cardinal  angles ; 
c,  Hinge-area ;  k.  Triangular  peduncular  foramen. 

and  character  in  different  types,  and  are  of  great  value  in  the  dis- 
crimination of  certain  genera.  In  the  Rhynchonellida,  the  loop  is 
represented  only  by  two  short,  slender,  curved  lamellae ;  while  in 
some  cases  the  sides  of  the  loop  carry  minute  calcareous  spines, 
showing  that  even  the  cirri  of  the  arms  were  supported  by  an 
internal  skeleton.  In  whole  families,  lastly,  as,  for  example,  in  the 
Strophomenidce.  and  Frodudidce,  the  arms  are  entirely  devoid  of 
calcified  supports. 

Very  commonly,  the  beaks  of  the  dorsal  and  ventral  valves  of 
the  Brachiopoda  are  separated  from  one  another  by  a  narrower  or 
wider  space,  which  is  termed  the  "hinge-area"  (fig.  493,  e).  The 
"area"  is  more  or  less  triangular  in  form,  generally  developed  on 
the  ventral  valve  only,  but  sometimes  formed  by  both  valves  con- 
jointly, and  commonly  transversely  striated.  In  such  genera  as 
Spirifera  and  Cyrtina  the  hinge-area  is  of  very  large  size,  but  it  may 
be  very  narrow,  and  in  many  cases  it  does  not  exist  at  all.  Another 
structure  that  is  commonly  present  in  the  Articulated  Brachiopods 
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IS  what  IS  known  as  the  "  deltidium."  This  is  a  triangular  calcareous 
plate,  sometimes  smgle,  sometimes  composed  of  two  lateral  halves 
(fig.  492,  d),  which  is  developed  in  front  of  the  foramen  of  the 
ventral  valve,  and  may  either  completely  enclose  the  foramen  (as  in 
Rhyjichonella),  or  may  simply  form  the  lower  boundary  of  this  aper- 
ture. What  is  called  a  "  pseudo-deltidium,"  again,  is  a  triangular 
calcareous  plate  which  grows  downwards  from  the  upper  end  of 
the  triangular  foramen  in  such  genera  as  Spirifera,  and  which 
partially  closes  this  opening. 

As  regards  their  distribution  in  space,  all  the  Brachiopoda  are 
marine,  the  number  of  known  existing  species  and  varieties  being 
under  one  hundred  and  fifty.  The  range  of  the  living  Brachiopods 
in  depth  is  very  variable,  even  as  regards  individual  species,  some 
forms  commonly  living  between  tide-marks,  or  in  quite  shallow 
water,  while  others  extend  to  depths  of  nearly  three  thousand  fathoms. 
Upon  the  whole,  however,  the  Brachiopods  must  be  regarded  as 
inhabitants  of  comparatively  shallow  water,  since  about  half  of  the 
known  living  species  are  confined  to  depths  of  less  than  one  hundred 
fathoms. 

Leaving  the  problematical  Eozoon  out  of  sight,  the  Brachiopods 
are  amongst  the  oldest  forms  of  animal  life,  representatives  of  this 
class  appearing  in  the  Lower  Cambrian  deposits.  Owing  to  the 
great  number  of  fossil  Brachiopods,  and  also  owing  to  the  fact  that 
particular  types  are  commonly  confined  to  particular  geological 
horizons,  the  study  of  this  group  of  animals  is  one  of  great  pate- 
ontological  and  stratigraphical  importance.  Out  of  one  hundred 
and  thirty-nine  genera  recorded  by  Davidson,  one  hundred  and  six 
appeared  first  in  the  Pateozoic  rocks ;  thirty-four  genera  are  repre- 
sented in  the  Mesozoic  deposits ;  and  twenty-one  in  the  Kainozoic 
and  Recent  deposits  taken  together.  The  genera  Li7igula,  Discina, 
Crania,  Terebratula,  and  Rhynchonella  appear  at  some  point  or 
another  in  the  Palaeozoic  series,  and  still  exist.  About  eight  genera 
are  represented  in  the  Cambrian ;  whereas  no  less  than  sixty-seven 
genera  are  represented  in  the  combined  Ordovician  and  Silurian 
deposits,  after  which  the  number  of  genera  becomes  progressively 
reduced,  fifty-two  generic  types  being  present  in  the  Devonian,  forty 
in  the  Carboniferous,  and  twenty  in  the  Permian.  Of  the  known 
Mesozoic  genera  about  sixteen  are  peculiar  to  this  period ;  while  of 
the  thirteen  Tertiary  genera  no  less  than  twelve  survive  at  present ; 
and  there  are  eight  exclusively  recent  genera. 

Upon  the  whole,  the  hingeless  or  Inarticulate  group  of  the  Brachi- 
opods is  the  most  ancient,  all  the  Cambrian  genera,  with  the  excep- 
tion of  Orthis,  belonging  to  this  division.  Of  the  Cambrian  genera, 
Lingula,  Discina,  and  Cratiia  still  survive.  AVhile  less  than  one 
hundred  and  fifty  species  exist  at  present,  the  united  Ordovician  and 
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Silurian  systems  have  yielded  nearly  two  thousand  species.  Vast  as 
is  the  number  of  Ordovician  forms,  the  Silurian  rocks  are  still  more 
rich  in  this  group  of  fossils ;  and  the  class  of  the  Brachiopoda  may 
be  considered  as  attaining  its  maximum  in  the  Silurian  period,  which 
has,  for  this  reason,  been  not  unaptly  spoken  of  as  the  "  Age  of 
Brachiopods."  In  the  Devonian  rocks  more  than  thirteen  hundred 
species  of  Brachiopods  are  known,  and  though  many  of  these  be- 
long to  genera  which  were  previously  in  existence,  others  belong  to 
types,  such  as  Uncites,  Stringocephalus,  Davidsonia,  &c.,  which  are 
peculiar  to  this  system  of  rocks.  The  great  genus  Terebratula  has 
its  first  representatives  in  the  Devonian.  In  the  Carboniferous  rocks 
the  number  of  species  has  undergone  a  marked  reduction,  the  prin- 
cipal forms  belonging  to  the  great  Palaeozoic  families  of  the  Stropho- 
menidcB,  Spiriferidce,  and  Productida.  The  genus  Producta  attains 
here  its  maximum,  some  of  the  species  having  an  enormous  geo- 
graphical extension.  In  the  Permian  rocks  only  about  thirty  species 
of  Brachiopods  are  known,  and  these  belong  mostly  to  the  families 
of  the  Produdidce  and  Strophomenida. 

With  the  beginning  of  the  Mesozoic  period,  the  decay  of  the 
Brachiopodous  "phylum"  which  set  in  during  Devonian  times  be- 
comes still  more  pronounced.  The  Triassic  rocks,  like  the  Permian, 
exhibit  a  singular  poverty  in  the  remains  of  Brachiopods,  but  the 
group  is  fairly  represented  in  both  the  Jurassic  and  Cretaceous 
deposits.  Upon  the  whole,  however,  the  reduction  of  the  number 
of  species  which  is  so  marked  in  the  later  Palaeozoic  rocks  is  pro- 
gressively continued  through  the  Mesozoic  period.  Moreover,  some 
of  the  most  characteristic  of  the  Palaeozoic  families  (the  Atrypidcs, 
Tri7?ierellidce,  Productidce,  and  Obolida)  have  totally  disappeared ; 
while  the  great  families  of  the  Strophomenida  and  Spiriferidce  are 
only  represented  by  a  few  surviving  types,  and  disappear  wholly  in 
the  Jurassic  rocks.  On  the  other  hand,  the  families  of  the  Terebra- 
tulida  and  Rhyncho7iellidcB  now  assume  a  marked  predominance ; 
the  latter,  however,  being  almost  exclusively  represented  by  species 
of  the  genus  Rhynchonella  itself  Finally,  in  the  Tertiary  rocks 
Brachiopods  are  few  in  number,  and  belong  almost  wholly  to  exist- 
ing genera,  while  a  number  of  the  species  still  survive. 

As  regards  classification,  the  Brachiopoda  may  be  divided  into  the 
two  orders  of  the  Inarticulata  and  the  Articulata,  the  characters  and 
families  of  which  will  be  briefly  treated  of  in  what  follows. 

Order  I.  Inarticulata 
{=Tretenterata,  Lyopojnaia,  Pleuropygia). 

This  division  of  the  Brachiopoda  comprises  those  forms  in  which 
the  valves  of  the  shell  are  not  hinged,  but  are  held  together  by 
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muscles  only,  the  mantle-lobes  are  completely  free,  and  the  intestine 
termmates  in  a  distinct  anus.  This  order  includes  the  Palaeozoic 
families  of  the  Obolidce  and  Trimerellidce,  and  the  three  families  of 
the  Lmguhdce,  Discinidce,  and  Craniadce,  which  commence  in  the 
Lower  Paleozoic  rocks  and  are  all  represented  by  living  species  at 
the  present  day. 

Family  i.  Lingulid^.— In  this  family  the  animal  is  fixed  by  a 
muscular  peduncle  which  passes  out  between  the  beaks  of  the  valves 
(fig.  486,  b).  The  shell  is  almost  equivalve,  oblong  or  ovate  in 
form,  and  composed  of  alternating  corneous  and  calcareous  layers 
the  latter  being  phosphatic  and  perforated  by  minute  tubuli  The 
arms  are  fleshy,  spirally  rolled,  and  not  supported  by  calcified  pro- 
cesses.   The  family  includes  the  genus  Lingula  along  with  some 

allied  (sub-generic?)  forms, 
and  ranges  from  the  Lower 
Cambrian  to  the  present  day. 

In  the  genus  Lingula  (fig. 
494)  the  shell  is  oblong, 
compressed,  the  dorsal  valve 
little  shorter  than  the  ven- 
tral. The  shell  is  oval, 
rounded,  or  satchel-shaped, 
tapering  more  or  less  to- 
wards the  beaks.  The  sur- 
face is  concentrically  striated 
with  lines  of  growth.  The 
genus  commences  to  be  rep- 
resented in  the  Cambrian  rocks,  and  has  continued  without  interrup- 
tion, and  with  no  perceptible  change,  to  the  present  day. 


Fig.  i,tji,.— Lingula  Eva. 
ventral  valves. 


Ordovician.  Dorsal  and 
(After  Billings.) 


The  genus,  or  sub-genus,  Lingiilella  (fig.  495,  d)  differs  from  Lingula 
proper  m  the  fact  that  there  is  a  distinct  groove  in  the  beak  of  the  ventral 
valve  for  the  passage  of  the  peduncle.  This  type  comprises  the  oldest 
of  British  Brachiopods,  L.  ferruginea  being  a  small  form  which  occurs 
low  down  in  the  Lower  Cambrian.  Another  species — viz.,  Z.  Davisii— 
is  extremely  abundant  in  the  so-called  "  Lingula  Flags "  (Upper  Cam- 
brian). The  sub-genus  Litigulepis  is  very  similar  to  Lingula  proper, 
but  the  ventral  valve  is  furnished  with  a  feeble  median  septum.  The 
type  is  the  L.  pinnaforjnis  of  the  Cambrian  rocks  of  North  America. 


Family  2.  Obolid^. — This  family  comprises  forms  closely  allied 
to  the  preceding,  but  the  beaks  of  the  valves  are  thickened  at  their 
margin,  and  that  of  the  ventral  valve  is  provided  with  a  groove  for 
the  passage  of  the  peduncle.  In  structure,  the  shell  is  calcareo- 
corneous.  The  family  is  principally  Cambrian,  Ordovician,  and  t 
Silurian,  the  genus  Schmidtia  surviving  into  the  Devonian  period, 
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and  the  genera  Neobolus,  Lakhmina,  and  Schizopholis  being  Car- 
boniferous. ,     ^    ,       ,   „  •       u-  1 

In  the  genus  Obolus  (fig.  495.  ^  and  c)  the  shell  is  orbicular, 
with  subequal,  smooth  valves,  the  ventral  valve  having  a  longitu- 


Fig.  ii^i.—Lingulidie,  Discinidce,  and  Obolida:.    A,  Trematis  Jilosa,  Ordovician  ;  B,  Cast  of 


ana  F,  side-view  oi  tne  ventral  vaive  oi  cne  same,  cinargcu,  wiuuviLitm  ,  xn 
valve  of  the  same.    (A  is  after  Billings,  and  the  other  figures  after  Davidson.) 


dinal  groove  for  the  passage  of  the  peduncle-fibres.  Usually  there 
is  a  weak  median  septum  in  the  ventral  valve.  The  species  of  this 
genus  are  wholly  Ordovician  and  Silurian,  and  are  especially  char- 
acteristic of  the  former  of  these  systems.    The  little  Obolus  Apollinis 


occurs  in  vast  numbers  in  the  Ordovician  "  Ungulite  Grit "  of 
Russia. 

The  genus  Obolella,  of  the  Cambrian  and  Ordovician  formations,  is 
nearly  allied  to  Obolus,  but  the  arrangement  of  the  muscular  impressions 
is  different.  The  genus  Kutorgina  (fig.  496)  is  essentially  similar  to  the 
preceding,  but  the  shell  is  sub-quadrate,  and  there  is  a  straight  hinge-line. 
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The  genus  is  charactenstic  of  the  Cambrian  rocks  of  Canada.  Schmidtia 
of  the  Silurian  and  Devonian  rocks,  has  a  minute  oval  shell,  the  ventral 
valve  of  which  is  convex,  with  a  pointed  beak  below  which  an  "area"  is 
developed  ;  and  the  genus  Leptobolus  of  the  Ordovician  rocks  of  North 
America  is  closely  allied  to  this,  but  differs  in  its  internal  characters.  In 
the  Cambrian  genus  Acrothele,  the  shell  is  nearly  circular,  and  the  ven- 
tral valve  is  somewhat  conical,  the  beak  being  sub-central  and  perforated 
by  a  foramen,  while  the  beak  of  the  dorsal  valve  is  marginal. 

In  the  genus  Sipho7iotreta  (fig.  497)  the  shell  is  oval,  inequivalve,  with 
unarticulated  valves.  The  beak  of  the  ventral  valve  is  perforated  by  a 
foramen  which  opens  on  its  back,  and  communicates  with  the  interior  by 

a  cylindrical  tube.    The  surface  of  the  shell  is 
covered  with  concentric  lines  of  growth,  and  fur- 
nished with  numerous  delicate  tubular  spines, 
which,  however,  are  rarely  preserved.    All  the 
SiphonotretcB  at  present  known  belong  to  the 
Ordovician  and  Silurian  periods. 
Fig.  ,^n.-si/>hoZrcta     ,  In  the  genus  Acroireta  (fig  495,  K-G)  the 
verrucosa.  Ordovician.     uorsal  valve  IS  nearly  flat,  and  the  ventral  is 
conical  and  patelliform,  the  surface  being  con- 
centrically striated.    The  beak  of  the  ventral  valve  is  peiforated  by  a 
round  foramen,  from  which  a  pedicle-groove  extends  to  the  posterior 
margin,  and  is  bounded  laterally  on  either  side  by  a  small  false  area. 
The  genus  is  wholly  Ordovician. 

In  the  neighbourhood  of  Acroireta,  Dr  Fischer,  with  some  doubt, 
places  the  Silurian  genus  Eichwaldia,  which  has  been  commonly  referred 
to  the  articulate  family  of  the  R]iy7iclioncllidcB,  but  in  which  hinge-teeth 
and  sockets  appear  to  be  absent.  The  shell  in  this  curious  genus  is  sub- 
trigonal  or  oval,  and  the  ventral  valve  has  its  apex  perforated  by  a 
peduncular  foramen,  while  the  dorsal  valve  is  provided  with  a  prominent 
median  septum.  The  structure  of  the  shell  is  very  peculiar,  the  most 
conspicuous  feature  connected  with  this  being  that  the  greater  part  of 
the  surface  is  covered  with  a  special  alveolated  layer,  the  hexagonal 
pits  of  which  are  arranged  in  decussating  oblique  lines. 

Lastly,  the  Carboniferous  rocks  of  India  have  yielded  certain  curious 
types  which  have  been  placed  in  this  family,  and  have  been  referred  to 
the  genera  Neobolits,  Lakhmiiia,  and  Schizopholis.  In  all  these  genera 
the  shell  is  of  small  size,  and  either  suborbicular  or  trapezoidal  in  shape. 

Family  3.  Discinid^. — In  this  family  the  shell  is  corneo-cal- 
careous,  with  unequal  valves,  the  animal  being  attached  by  a 
muscular  peduncle  passing  through  the  ventral  or  lower  valve  by 
means  of  a  slit  in  its  hinder  portion,  or  a  circular  foramen  exca- 
vated in  its  substance.  The  arms  (fig.  499)  are  fleshy  and  spirally 
coiled,  and  are  not  provided  with  calcified  supports.  The  Discinida 
range  from  the  Ordovician  period  to  the  present  day. 

In  the  genus  Discina  (figs.  498-500)  the  shell  is  sub-orbicular,  with 
conical,  nearly  equal  valves,  of  which  the  dorsal  is  the  deepest,  while  the 
ventral  valve  is  flatter,  and  the  beaks  of  both  are  sub-central.  In  the 
typical  forms  of  Discma,  the  ventral  valve  has  an  elongated  marginal 
opening,  which  is  prolonged  on  the  surface  into  an  anterior  groove  tra- 
versing the  shell  obliquely  and  terminating  internally  in  a  second  groove 
which  runs  in  an  opposite  direction  to  the  first.    In  the  centre  of  the 
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ventral  valve  is  a  subtriangular  plate,  which  concea  s  the  minute  tubular 
foramen  In  the  forms  which  are  included  in  the  sub-genus  Orbiculoidea, 
the  eeneral  structure  is  the  same  as  in  Discina  proper,  but  the  valves  are 
much  elevated,  and  the  minute  foramen  is  situated  at  the  postenor  ex- 
tremity of  a  groove,  which  is  prolonged  externally  only,  but  has  no  inter- 
nal continuation.  The  forms  comprised  in  the  sub-genus  Z?«««»a?, 
again  possess  a  longitudinal  foramen  situated  between  the  beak  ot  the 


Fig.  49S. — Discina  (Or- 
bicuhidea)  nitida,  from 
the  Carboniferous  rocks 
of  North  America,  d, 
Dorsal  valve  :  v.  Ventral 
valve.    (After  Zittel.) 


Fig.  499.  —  The  animal  of 
Discina,  as  seen  on  the  re- 
moval of  the  ventral  valve  and 
part  of  the  ventral  mantle- 
lobe.  /,  Expanded  surface  of 
the  peduncle.  (After  Wood- 
ward.) 


Fig.  500.  —  Ventral 
valve  of  Discina  Circe, 
from  the  Trenton  Lime- 
stone (Ordovician)  of 
Canada,  showing  the 
pedicle  -  groove.  (After 
Billings.) 


ventral  valve  and  its  hinder  margin,  in  the  centre  of  a  depressed  oval 
disc,  the  valve  itself  being  flat  or  concave.  The  species  of  Discina,  in 
the  general  sense,  range  from  the  Ordovician  to  the  present  day.  In 
the  genus  Treniatis  (fig.  495,  A)  both  the  valves  are  more  or  less  convex, 
and  the  general  shape  of  the  shell  is  sub-orbicular  or  transversely  oval. 
The  dorsal  valve  is  the  most  convex,  its  beak  being  marginal,  with  a 
false  "  area  "  below  it.    The  ventral  valve  is  flatter,  and  has  a  wide  mar- 


Fig.  501. — Crania  Ignabergetisis.  Cretaceous. 


ginal  slit  for  the  passage  of  the  peduncle.  The  surface  is  radiately 
striated,  and  is  ornamented  with  small  superficial  pits.  The  species 
of  this  genus  are  Ordovician  and  Silurian. 

Family  4.  Craniad^. — In  this  family  the  shell  is  calcareous, 
more  or  less  circular  in  shape  (fig.  501),  the  ventral  valve  being 
the  shallowest,  and  being  usually  fixed  by  the  substance  of  the  test 
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to  some  foreign  object.  The  dorsal  valve  is  conical  or  limpet- 
shaped,  and  the  shell  in  both  valves  is  tubulated.  In  the  interior 
of  each  valve  are  four  principal  muscular  impressions,  formed  by 
the  adductors,  and  in  the  interior  of  the  ventral  valve,  centrally,  is 
placed  a  triangular  protuberance,  which  serves  to  support  the  bases 
of  the  fleshy  arms.  The  family  ranges  from  the  Ordovician  to  the 
present  day. 

The  only  well-established  genus  in  this  family  is  Crania  itself, 
which  commenced  to  exist  in  the  Ordovician  period,  and  which  is 
represented  at  the  present  day  by  several  living  species.  The  shell 
in  Crania  may  be  smooth,  or  striated  with  radiating  ribs,  sometimes 
with  spines  or  foliaceous  expansions,  while  the  internal  margins  of 
the  valves  are  expanded  and  often  granulated.  The  ventral  valve 
is  fixed  by  its  lower  surface  to  foreign  bodies,  while  the  free  dorsal 
valve  is  more  or  less  conical  (fig.  501). 


In  the  sub-genus  Pseicdocrania  (Ordovician  to  Devonian),  the  shell  is 
only  slightly  inequivalve  and  is  free,  while  the  inner  margins  of  the 
valves  are  smooth.    In  this  family  may  perhaps  be  placed  the  singular 


T\%.^o'z.  —  Trimerella                    s°^—TrimereUa  Fig.     z,os,.  —Monomerella 

acuminata  —  cast.     Silu-  grandis — cast.    Silurian.  frisca—cs&X..  Silurian.  (After 

rian.  (After  Davidson  and  (After     Davidson     and  Davidson  and  King.) 

King.)  King. 


Ordovician  genus  Schizocrania,  in  which  the  shell  resembles  Crania  in 
general  characters,  and  is  fixed  by  the  flattened  ventral  valve,  while  the 
dorsal  valve  is  conical  and  is  radiately  striated.  The  ventral  valve,  how- 
ever, exhibits  a  triangular  notch  on  its  posterior  side,  extending  nearly 
to  the  centre,  and  there  are  six  muscular  impressions  in  the  dorsal 
valve. 

Family  5.  TRiMERELUDi^:. — This  family  is  related  to  that  of  the 
Obolida,  and  comprises  forms  in  which  the  shell  is  thick  and  cal- 
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careous,  with  unequal  valves  ;  the  beaks  usually  prominent,  or  some- 
times obtusely  rounded,  and  either  massive  and  solid,  or  divided  by 
a  partition  into  two  chambers.  There  is  a  well-developed  hinge-area 
(fig.  503),  and  a  wide  deltidium,  bounded  by  two  ridges,  the  inner 
ends  of  which  serve  as  teeth,  though  true  teeth  are  not  present. 
Each  valve  is  furnished  with  muscular  platforms,  which,  in  the 
typical  species,  are  elevated  and  doubly  vaulted.  The  principal,  or 
only,  genera  of  the  family  are  Trimerella,  Dinobolus,  and  Mono- 
merella,  and  the  family  is  confined  entirely  to  the  Ordovician  and 
Silurian  rocks.  The  differences  between  the  above-mentioned  genera 
depend  mostly  upon  internal  characters,  which  can  hardly  be  made 
clear  except  by  an  examination  of  actual  specimens,  and  as  these 
very  generally  occur  in  the  form  of  internal  casts,  the  study  of  the 
forms  of  this  group  is  attended  with  exceptional  difficulties. 

Order  II.  Articulata 
(^—CUstenterata,  Arthropomata,  Apygia). 

In  this  order  of  the  Brachiopods  the  valves  of  the  shell  are  hinged, 
usually  by  means  of  teeth  and  sockets ;  the  lobes  of  the  mantle  are 
not  completely  free ;  and  the  intestine  ends  blindly.  This  order 
includes  the  families  of  the  ProdiictidcB,  Strophomenida,  Koninck- 
inida,  Spiriferidce,  Atrypidcs,  RhynchonelHda,  Terebratulida,  Stringo- 
cephalida,  and  Thecidiida,  of  which  only  the  Rhy^ichonellida^  Tei-e- 
bratiilidce,  and  Thecidiidce  are  represented  by  living  forms. 

Family  i.  Productid/e. — In  this  family  the  shell  is  entirely  free, 
or  is  attached  to  submarine  objects  by  the  substance  of  the  ventral 
valve  or  by  means  of  spines.  The  valves  may  be  regularly  articulated, 
or  may  be  kept  in  place  by  muscular  action  alone.  There  is  a 
straight  hinge-line,  and  the  outer  surface  is  more  or  less  largely  fur- 
nished with  tubular  spines,  while  the  inner  surface  exhibits  numerous 
funnel-shaped  punctures.  The  arms  are  not  provided  with  calcified 
supports,  but  there  are  well-marked  muscular  and  vascular  impres- 
sions. The  ventral  valve  (fig.  505,  ve)  is  convex,  while  the  dorsal 
valve  {do)  is  concave,  and  is  furnished  with  a  prominent  cardinal 
process  {cd),  to  which  the  divaricator  muscles  are  attached.  The 
interior  of  the  dorsal  valve  exhibits  a  pair  of  large  central  dendritic 
adductor-impressions,  separated  by  a  median  ridge  {a  a),  a  pair  of 
reniform  vascular  impressions  (/),  and  two  shelly  prominences  {p), 
which  probably  served  to  support  the  bases  of  the  arms.  The 
interior  of  the  ventral  valve  exhibits  a  pair  of  large  dendritic  ad- 
ductor-impressions, situated  close  beneath  the  incurved  beak,  a  pair 
of  large  lateral  striated  divaricator-impressions  {d  d),  and  two  anterior 
depressions  (s)  which  probably  lodged  the  spiral  arms. 
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All  the  members  of  the  ProdudidcB  are  Palaeozoic,  the  earliest 
forms  appearing  in  the  Silurian,  while  the  last  are  found  in  the  Per- 
mian deposits. 

In  the  genus  Produda  (or  Produdus)  itself  (figs.  505-507)  the 
valves  are  not  articulated  by  teeth  and  sockets,  and  appear  to  have 
been  generally  free  in  the  adult  condition.  In  some  cases,  how- 
ever, where  the  shell  is  furnished  with  long  spines,  it  may  be  sup- 
posed that  these  structures  served  to  moor  the  animal  in  the  soft 
ooze  of  the  sea-bottom.  In  the  curious  Produda  compledens,  Mr  R. 
Etheridge,  jun.,  has  shown  that  the  shell  was  firmly  attached  by  the 


Fig.  505. — Structure  o{  Produda  gigantea,  from  the  Carboniferous  Limestone.  A,  Interior  of 
the  dorsal  valve  ;  b,  Interior  of  the  ventral  valve,  a  portion  of  the  projecting  beak  being  removed  ; 
c,  Ideal  section  of  both  valves,  in  place,  in  the  middle  line  ;  d.  Hinge-line  of  the  dorsal  valve. 
a  a.  Adductor  impressions  ;  d  d,  Divaricator  impressions  (in  the  ideal  fig.  c  the  letters  a  and  d 
indicate  the  adductor  and  divaricator  muscles  respectively) ;  i,  Reniform  vascular  impressions ; 
*,  Processes  supporting  the  bases  of  the  arms  ;  s,  Hollows  occupied  by  the  spiral  arms ;  ca. 
Cardinal  process  ;  h,  Hinge-line;  do,  Dorsal  valve  ;  ve,  Ventral  valve.    (After  Woodward.) 


twisting  of  some  of  the  spines  of  the  ventral  valve  round  the  column 
of  a  Crinoid.  In  the  still  more  singular  Produda  p-obosddea,  the 
ventral  valve  is  prolonged  beyond  the  dorsal,  and  its  edges  are 
rolled  together  and  form  an  elongated  tube,  by  which  the  shell  was 
attached  to  some  foreign  body.  The  shell  in  Produda  is  generally 
transversely  elongated  in  shape,  and  is  "  auriculate "  or  furnished 
with  ear-like  expansions.  There  is  a  straight  hinge-line,  usually 
shorter  than  the  greatest  width  of  the  shell,  the  hinge-area  being 
linear  or  wanting.  The  ventral  valve  is  convex,  with  a  large,  bent, 
and  imperforate  beak — the  dorsal  valve  being  concave,  and  follow- 
ing the  curve  of  the  former.    The  surface  is  ribbed  or  striated,  and 
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the  ribs  carry  a  larger  or  smaller  number  of  longer  or  shorter  tubular 
spines  which  are  especially  abundant  upon  the  auricular  expansions. 
The  species  of  Produda  range  from  the  Devonian  to  the  Permian, 
but  the  genus  is  essentially  and  especially  characteristic  of  the  Car- 
boniferous period. 

The  genus  Strophalosia  (fig.  508,  b)  ranges  from  the  Devonian  to  the 
Permian,  and  is  distinguished  from  Producta  chiefly  by  the  fact  that  the 


Fig.  506. — Dorsal  and  profile  views  of  Producta 
semireticulata.  Carboniferous. 


Fig-  507. — Dorsal  aspect  o{  Producta. 
horrida.    Permian.    (After  King.) 


valves  are  not  edentulous,  but  are  articulated  by  teeth  and  sockets  ; 
while  each  valve  has  a  distinct  hinge-area,  and  the  ventral  valve  has  a 
foramen  covered  with  a  deltidium.  Atdosteges,  again  (fig.  508,  a),  from 
the  Permian,  has  no  teeth  or  dental  sockets— in  this  respect  agreeing 
with  Producta— hnt  the  ventral  valve  has  a  wide  hinge-area,  pierced  by 
a  foramen,  which  is  covered  by  a  convex  pseudo-deltidium.  Aidostcges 
is  probably  only  a  sub-genus  of  Strophalosia,  but  the  shell  is  free,  whereas 


Fig.  508. — A,  Aulosieges  Wangenhcimii—Vz'cxms.n,  showing  tlie  liinge-area  and  deltidium ; _D, 
Strophalosia  Gold/ussi,  viewed  dorsally— Permian  ;  c,  Productella  onusta — Devonian — interior 
of  the  dorsal  valve,  showing  the  cardinal  process  (c),  the  muscular  scars  (;«)>  and  the  reniform 
vascular  impressions  (f).    (After  Davidson  and  Hall.) 

in  the  latter  the  shell  is  attached  by  the  beak  of  the  ventral  valve.  Lastly, 
in  the  Devonian  Productella  (fig.  508,  c)  the  valves  are  articulated  by 
teeth  and  sockets,  and  a  hinge-area  is  present  in  both  valves,  but  the 
latter  is  narrow  and  linear,  and  the  ventral  valve  is  extremely  convex 
and  gibbous. 

In  the  genus  Chonetes  (fig.  509)  the  shell  is  concavo-convex,  trans- 
VOL.  I.  2  T 
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versely  oblong,  with  a  straight  hinge-Hne.  The  hinge-line  is  as  wide  as 
the  shell,  or  the  shell  is  eared.  The  ventral  valve  is  convex,  the  dorsal 
concave,  and  both  have  a  distinct  hinge-area,  with  a  central  fissure, 
closed  in  the  ventral  valve  by  a  pseudo-deltidium.  The  upper  edge  of 
the  hinge-area  of  the  ventral  valve  is  furnished  with  a  row  of  delicate 


Fig.  sog.—C/ioiicles  Valinanzana.  Carboniferous. 


tubular  spines.  The  species  of  Chonetes  are  distributed  in  the  Silurian, 
Devonian,  and  Carboniferous  periods. 

Family  2.  Strophomenid.*:. — In  this  great  family  of  Brachio- 
pods  the  shell  is  rounded  or  subquadrate,  generally  compressed, 
plano-convex,  concavo-convex,  or  biconvex,  the  beaks  being  rarely 
prominent,  and  the  hinge-line  being  straight  and  long.  The  shell 
seems  usually  to  have  been  attached  by  a  muscular  peduncle.  There 
is  a  low  hinge-area  in  each  valve,  often  with  a  triangular  fissure, 
sometimes  closed  by  a  pseudo-deltidium,  beneath  the  beaks.  The 


Fig.  510. — Interior  of  the  dorsal  valve  (a)  and  ventral  valve  (b)  of  Orthis  siriatnla,  from  the 
Middle  Devonian  of  the  Eifel.  Hinge-area;  t,  Hinge-teeth;  a  a,  Adductor  impressions; 
d,  Impressions  of  the  divaricators  and  peduncle-muscles;  a,  Ovarian  spaces.    (After  Davidson.) 

ventral  valve  has  two  powerful  hinge-teeth  (fig.  510,  /) ;  and  the 
dorsal  valve  has  a  prominent  cardinal  process,  between  two  short 
brachial  processes.  The  interior  of  the  dorsal  valve  (fig.  510,  a) 
exhibits  four  adductor -impressions  .  (a),  and  well-marked  vascular 
impressions  which  enclose  wide  ovarian  spaces  (<?).  The  interior 
of  the  ventral  valve  (fig.  510,  b)  shows  two  narrow,  centrally-placed 
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adductor-impressions  (a),  flanked  by  fan-shaped  scars  P'^oduced 
by  the  conjoined  divaricators  and  peduncle-muscles,  the  whole 
enclosed  in  a  saucer-shaped  depression.  The  arms  are  devoid  of 
spiral  supports,  and  the  shell  is  usually  penetrated  by  microscopic 
tubuli,  which  are  comparatively  large  and  remote. 

The  three  principal  genera  of  the  Strophomenida  are  Strophomena, 


Fig.  51 1. — Orthis  calligram- 
ma,  var.  Davidsoni  ;    dorsal  Fig.  512. — Orthis  f  areata  ;  &ar&2\ 

and  side  view.    Ordovician.  side  view.  Ordovician. 

Orthis,  and  LeptcE7ia,  and  with  the  doubtful  exception  of  some 
Mesozoic  forms  of  the  last  of  these,  the  entire  family  is  confined  to 
the  Palaeozoic  period. 

In  the  genus  Orthis  the  valves  are  articulated  by  teeth  and 
sockets,  and  usually  are  more  or  less  transversely  oblong  (figs. 


Fig.  513.— a  and  a',  Orthis  {Plaiystrofhia')  lii/orata,  Ordovician  ;  Orthis  flabelluhim,  Ordo- 
vician ;  c  and  d ,  Exterior  and  interior  of  the  dorsal  valve  of  Orthis  stibquadrata,  Ordovician ; 
d,  Strophoviena  deltoidea,  Ordovician.    (After  Meek,  Hall,  and  Salter.) 


510-514).  There  is  a  straight  hinge-line,  generally  shorter  than 
the  width  of  the  shell.  Each  valve  has  a  hinge-area,  notched  in 
its  centre  by  a  triangular  fissure  through  which  the  fibres  of  the 
peduncle  were  transmitted.  The  shell  is  often  more  or  less  flattened 
or  depressed,  and  the  surface  may  be  smooth,  but  is  more  commonly 


660 


MOLLUSCOIDEA. 


ornamented  with  striee,  or  furnished  with  well-marked  longitudinal 
ribs.  The  species  of  the  genus  Orthis  begin  in  the  Cambrian,  and 
abound  in  the  Ordovician,  Silurian,  Devonian,  and  Carboniferous 
periods,  especially  in  the  first  two  of  these ;  but  the  genus  is  not 
known  to  have  survived  the  Carboniferous  period.  This  genus  is 
one  of  the  most  important  and  widely  distributed  groups  of  Palseo- 
zoic  Brachiopods,  and  the  species  belonging  to  it  may  generally  be 
distinguished  from  the  closely  related  StrophomencB  by  the  fact  that 
the  shell  is  seldom  flat,  one  valve  being  usually  much  more  convex 
than  the  other;  while  the  general  form  is  compact  and  not  ex- 
tended, and  the  hinge-line  is  often  shorter  than  the  greatest  width 


Fig.  514. — rt,  Dorsal  aspect  oi  Sirophomena  altemata,  from  the  Ordovician  of  North  America  ; 
b,  Ventral  aspect  of  Stro/>homena  filUcxta,  Ordovician,  North  ."Vmerica;  c,  Orthis  testudhi- 
aria,  Ordovician  ;  d  d',  Orthis  flicatella,  Ordovician ;  e  c'  e",  Leptcena  sericea,  Ordovician. 
(.'Vfter  Meek,  Hall,  and  the  Author.) 


of  the  shell.  The  muscular  scars  are  quadrate,  and  not  extended 
either  vertically  or  laterally.  Lastly,  the  "  cardinal  process  " — that 
is,  the  projection  of  the  dorsal  valve,  to  which  the  "  divaricator 
muscles"  are  attached  —  is  undivided  and  linear.  Though  the 
species  of  Orthis  most  nearly  resemble  certain  forms  of  Stropho- 
mena,  and  are  very  liable  to  be  confounded  with  these,  one  or 
two  species  (such  as  Orthis  biforata — 513,  a)  closely  simulate  the 
genus  Spirifera  in  general  form. 

In  the  sub-genus  Pla/ystrophia,  of  which  Orthis  biforata  of  the  Ordo- 
vician rocks  (fig.  513,  <2)is  a  characteristic  fonn,  the  shell  is  generally 
transversely  elongated,  with  a  long  hinge-line,  both  valves  convex,  and 
the  ventral  valve  with  a  deep  median  sinus.  A  hinge-area  and  triangu- 
lar deltidial  fissure  are  present  in  both  valves.  The  valves  are  radially 
plaited,  and  the  beaks  are  prominent  and  incurved.  The  sub-genus 
ranges  from  the  Ordovician  to  the  Carboniferous. 

The  genus  Skenidiuin  {^-g.  515,  D— -g)  is  in  many  respects  allied  to 
Orthis  but  the  ventral  valve  is  much  elevated,  with  a  high  triangular 
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area  in  the  centre  of  which  is  a  deltoid  foramen  often  partially  closed  by 
a  pseudo-deltidium  ;  while  the  dorsal  valve  is  furnished  with  a  prominent 
median  septum,  which  is  continuous  with  the  cardinal  process  superiorly, 
and  may  be  bifurcated  at  its  anterior  extremity.  The  species  of  ^keiii- 
dium  are  Ordovician  and  Silurian,  and  it  seems  probable  that  the  genus 
is  identical  with  the  Devonian  Myst7-ophora  of  Kayser. 

In  the  Silurian  and  Devonian  genus  Tropidolepttcs  (fig.  515,  A— C),  the 


D  E  F  G 

Fig.  515. — A,  Dorsal  view  of  the  shell  of  Tropidoleptus  carinatits,  Devonian  (Hamilton  group) 
of  North  America,  of  the  natural  size  ;  B,  Interior  of  the  dorsal  valve  of  the  same  ;  c,  Interior 
of  the  ventral  valve  of  the  same  ;  D,  Dorsal  aspect  of  Skenidinm  insigne,  from  the  Silurian 
(Lower  Helderberg)  of  North  America  ;  E,  Cardinal  aspect  of  the  same  enlarged,  showing  the 
high  area  of  the  ventral  valve,  and  the  triangular  foramen  partially  closed  by  a  pseudo-deltidium  ; 
F,  Base  of  the  same ;  g,  Interior  of  the  dorsal  valve  of  the  same,  showing  the  median  septum. 
(After  Hall.) 


shell  is  concavo-convex,  radiately  ribbed,  with  a  straight  hinge-line  and 
a  double  area,  that  of  the  ventral  valve  perforated  by  a  large  foramen. 
The  ventral  valve  carries  two  strong,  crenulated  and  diverging  teeth, 
and  the  dorsal  valve  has  two  correspondingly  crenulated  dental  sockets, 
a  well-marked  median  septum,  and  a  prominent  cardinal  process  which 
almost  entirely  fills  the  foramen  in  the  ventral 
valve.  The  species  of  Tropidoleptus  are  Silurian 
and  Devonian. 

In  the  genus  Orthisina  {=  Kliia77ibonites  and 
Hemipronites)  the  shell  resembles  that  of  Orthis, 
but  the  ventral  valve  is  pyramidal,  and  has  a 
very  high  area,  directed  more  or  less  at  right 
angles  to  the  median  plane  of  the  valves,  while 
the  dorsal  valve  is  furnished  with  a  smaller  area. 
In  both  valves  there  is  a  triangular  fissure  in  the  ,J'^-S},^--^V''';^'""- 
hinge-area,  covered  by  a  pseudo-deltidium,  that  of 
the  ventral  valve  being  often  perforated  by  a  peduncular  foramen. 
The  typical  forms  of  Orthisina  are  found  in  the  Ordovician  deposits. 

In  the  genus  Strophomena  (figs.  513,  514,  and  517)  the  shell  is 
depressed,  generally  semicircular,  the  hinge-line  as  long  as  the  width 
of  the  shell,  or  longer.  The  surface  may  be  smooth,  but  is  most 
commonly  striated  or  ribbed.  There  is  a  double  hinge-area,  which 
is  largest  in  the  ventral  valve.    Each  hinge-area  has  a  median  notch, 
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which,  in  the  ventral  valve,  is  partially  covered  by  a  deltidium.  The 
ventral  valve  may  be  convex  or  concave,  and  the  dorsal  valve  follows 
the  curvature  of  the  ventral  valve.  The  species  of  the  genus  St7-o- 
phomena  are  very  abundant  in  the  Ordovician,  Silurian,  Devonian, 
and  Carboniferous  formations,  often  attaining  a  large  size ;  but  they 
do  not  seem  to  have  survived  the  close  of  the  last-named  period. 

Speaking  generally,  the  species  of  Strophomena  may  be  distin- 
guished from  those  of  Orthis  and  Leptcena — both  of  which  they 


Fig.  ^i-j.—Strophoiiiena  antiquata.    Ordovician  and  Silurian. 


much  resemble  occasionally — by  attention  to  the  following  points  : 
The  shell  is  usually  flat  and  semi-oval,  its  length  and  breadth  being 
about  equal,  and  the  hinge-line  always  equalling  and  often  exceeding 
in  length  the  transverse  diameter  of  the  shell.  Rarely,  the  shell  is 
bent  and  transversely  extended,  as  in  Leptaina.  The  cardinal  pro- 
cess is  large  and  bifid ;  and  the  muscular  impressions  are  quadrate 
and  laterally  expanded. 

The  name  oi  Strophodonta  has  been  given  to  forms  of  StropJiomena 
in  which  the  hinge-line  is  crenulated,  and  there  is  no  fissure  in  the  hinge- 


Fig.  518. — Plectambonites  {Strop/wmena)  rhomboidalis.  Silurian. 


area  of  the  ventral  valve.  The  name  of  Plectambo7iites  {Leptagonia\ 
again,  has  been  given  to  forms  of  Sh-ophomcna  in  which  the  shell  is  con- 
cavo-convex, transversely  semicircular,  radially  striated,  and  often  con- 
centrically wrinkled  in  the  neighbourhood  of  the  beaks  (fig.  518).  The 
valves  in  these  types  are  generally  strongly  geniciilated,  the  umbonal 
region  being  flattened,  while  the  margins  of  the  shell  are  bent  towards 
the  dorsal  aspect.  Forms  belonging  to  this  group  are  found  in  the 
Ordovician,  Silurian,  Devonian,  and  Carboniferous  formations  ;  a  typical 
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.vnmnle  ind  one  of  very  wide  geographical  range,  being  the  familiar 

^^e  Bala  beds  (Ordovician),  and  survived  into  the  Carboniferous  period 

The  genus  s\n'ptorkyncMs  {Orthotetes)  compnses  ^^"^^^ J^ke^/r.^.^ 
mena  with  a  biconvex  or  concavo-convex,  radially  striated  shell.  The 
S'of  he  ventral  valve  is  long,  often  twisted,  with  a  high  area  and  a 
Seudo-deltidium  ;  the  area  of  the  dorsal  valve  being  hnear.  The  genus 
Fanges  from  the  Devonian  to  the  Permian,  charactenstic  speces  being 
the  5.  umbraculum  of  the  Middle  Devonian  and  the  S.  cremstria  of  the 
Carboniferous. 

In  the  genus  Leptcena  are  forms  smaller  than  the  majority  of  the 
StrophomencB,  but  in  many  respects  resembling  these.  The  shell  is 
more  or  less  completely  semicircular  (figs.  514,  ''ind  519),  trans- 
versely elongated,  with  a  double  hinge-area,  notched  in  the  centre, 
the  fissure  in  the  ventral  valve  having  a  deltidium, 
and  the  surface  being  generally  striated.  Speak- 
ing generally,  the  species  of  Leptana  can  usually 
be  separated  from  those  of  Strophoinena  or 
Orthis  by  the  form  of  the  transversely  elongated 
shell,  the  valves  of  which  are  strongly  bent,  so 
that  one  (the  dorsal)  is  always  very  concave,  and 
the  other  (the  ventral)  correspondingly  convex,  icea.  a,  Ventral  valve ;  b. 
Moreover,  the  muscular  impressions  are  elon-  J^^hf she^iiy^  b^do^vkir 
gated  instead  of  being  laterally  expanded,  as 
they  are  in  the  genus  Strophomena.  The  genus  LeptcBna  ranges 
from  the  Ordovician  to  the  Carboniferous.  A  few  forms  from  the 
Lower  Jurassic  rocks  have  also  been  referred  to  the  genus  Leptana, 
but  some  of  these  are  now  placed  in  the  succeeding  family,  in  the 
genus  Koninckella,  and  it  is  very  doubtful  if  the  others  are  properly 
referable  to  Leptcetia. 

Finally,  the  genus  Davidsonia  includes  certain  singular  Brachio- 
pods,  in  which  the  shell  is  thick  and  solid,  and  is  attached  to  foreign 
bodies  by  the  substance  of  the  ventral  valve.  The  ventral  valve  has 
a  wide  area,  with  a  triangular  fissure  covered  by  a  convex  deltidium ; 
and  though  there  are  no  calcified  brachial  supports,  the  position  of 
the  arms  is  indicated  by  two  spirally-grooved  elevations  in  the  in- 
terior of  the  valve.  The  species  of  Davidsonia  are  found  in  the 
Devonian  rocks,  and  the  genus  should  perhaps  be  referred  to  the 
following  family. 

Family  3.  Koninckinid^. — This  family  is  incompletely  known, 
and  includes  small  Brachiopods,  in  which  the  shell  is  plano-convex 
or  concavo-convex,  the  hinge-line  being  straight  or  curved,  and  a 
hinge-area  being  absent.  There  may  or  may  not  be  a  foramen  in 
the  beak  of  the  ventral  valve,  and  the  arms  are  supported  upon  two 
loosely-inroUed  spiral  lamellae,  the  apices  of  the  coils  being  directed 
towards  the  ventral  valve.    The  typical  forms  of  this  family  range 
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from  the  Devonian  to  the  Lias,  but  the  Silurian  genus  Coelospira 
may  possibly  belong  here. 

In  the  genus  Koninckiita,  comprising  only  the  K.  Leonhardi  (fig.  5^0) 
of  the  Upper  Trias,  the  shell  is  circular,  concavo-convex  in  form,  very 
thick,  with  a  smooth  surface  and  an  impunctate  shell-structure.  The 
hinge-line  is  straight,  with  teeth  and  sockets,  but  without  an  area  or 
deltidium.  The  ventral  valve  is  very  convex,  and  a  large  part  of  the 
cavity  of  the  shell  is  occupied  by  the  spirally-coiled  brachial  processes. 
Nearly  allied  to  Koninckina  is  the  Devonian  genus  Anoplotheca,  in 
which  the  spirals  for  the  arms  are  more  largely  developed  than  in  the 
former. 

Lastly,  the  genus  Koninckella  has  been  founded  by  Munier-Chalmas 
for  the  reception  of  some  of  the  small  Brachiopods  of  the  Lias  which 


Fig.  520. — Koninckina  Leonhardi,  from  the 
Trias  of  St  Cassiaii.  The  left-hand  figures 
show  the  ventral  and  dorsal  aspects  of  the 
shell,  of  the  natural  size.  The  right-hand 
figure  is  enlarged,  and  shows  the  spiral  brachial 
processes.    (After  Zittel.) 


Fig.  521. — h'on- 
inckclla  Hasina. 
Lias.  The  small 
cross  below  the 
figure  indicates  the 
real  size  of  the  shell. 


were  formerly  referred  to  Leptcena.  In  this  genus  the  shell  (fig.  521)  is 
concavo-convex,  smooth,  and  in  general  aspect  not  unlike  a  Lepfana,  but 
the  aims  are  supported  by  spiral  brachial  processes  of  two  or  three  coils, 
which  cany  lateral  calcareous  spines  for  the  support  of  the  cirri  of  the 
arms.    The  type  of  this  genus  is  the  Koninckella  Hasina  of  the  Lias. 

Family  4.  Spiriferid^. — In  this  family  the  shell  is  biconvex, 
its  minute  structure  being  sometimes  punctated,  sometimes  fibrous. 
The  arms  were  entirely  supported  upon  two  spirally-rolled  calcareous 
lamelte,  which  spring  from  the  hinge  of  the  dorsal  valve — the  bases 
of  the  spires  being  turned  towards  each  other,  while  their  apices 
are  directed  laterally  towards  the  cardinal  angles  of  the  shell  (fig. 
493)- 

The  family  of  the  SpiriferidcR  is  pre-eminently  Pateozoic,  but 
several  forms  extend  into  the  older  Secondary  rocks.  No  member 
of  the  family,  however,  has  yet  been  found  in  rocks  younger  than 
the  Lias.  Of  the  genera  of  the  family,  the  most  important  is  the 
genus  Spirifera,  or  Spirifer  (figs.  522,  523,  524,  and  526),  in  which 
the  valves  are  articulated  by  teeth  and  sockets,  and  the  shell  is  not 
punctated.  The  hinge-line  is  long  and  straight,  and  the  well-marked 
hinge-area  is  divided  across  in  each  valve  by  a  triangular  fissure, 
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which  in  the  ventral  valve  is  closed  more  or  less  completely  by  a 
pseudo-deltidium,  and  in  the  dorsal  valve  is  occupied  by  the  car- 
dinal process.  The  true  Spirifers  are  mainly  Silurian,  Devonian, 
and  Carboniferous,  and  the  forms  of  the  second  of  these  formations 
often  have  the  shell  winged,  or  drawn  out  at  the  lateral  angles  (fig. 
523).  In  the  Permian  rocks  a  few  species  of  the  genus  are  found. 
The  forms  included  under  the  name  of  Spiriferina  (fig.  525)  range 
from  the  Devonian  to  the  Lias,  and  differ  from  Spirifera  proper  m 


Fig.  s^2.—S/>iri/era  sculptihs.  Fig.  ii-i.—S/>irIfcra  inucronata. 

Devonian.  Devonian. 


the  fact  that  the  shell  is  punctated,  and  in  the  presence  of  a  strong 
median  septum  in  the  ventral  valve  between  the  dental  plates,  while 
the  surface  of  the  shell  is  usually  covered  with  small  tubular 
spines. 

Suessia,  of  the  Lias,  resembles  Spirifera  in  general  form,  and  in  the 
impunctate  structure  of  the  shell,  and  agrees  with  Spiriferina  in  the 
possession  of  a  median  septum  between  the  dental  plates  in  the  ventral 
valve,  while  the  "  crura"  of  the  bi-achial  spirals  are  united  by  a  transverse 
band.  The  Carboniferous  Syrijtgothyris,  again,  resembles  Spirife7-ina 
in  the  punctation  of  the  shell ;  but  the  upper  ends  of  the  dental  lamellae 


Fig.  ^■n.—Spiri/cra  Niagar-         Fig.  525. — Spiriferina  ros-  Fig.  526. — Spirifera  iri- 

ensis.    Silurian,  America.  traia.    Lias.  gonalis.  Carboniferous 

Limestone. 


are  connected  with  two  horizontal  plates,  which  bend  downwards  in  the 
middle  line,  and  form  by  their  apposition  a  tubular  fissure  beneath  the 
beak  of  the  ventral  valve. 

In  the  genus  Cyrtia  the  shell  resembles  Spirifera  in  most  respects  ; 
but  the  valves  are  very  unequal,  the  dorsal  valve  is  approximately  flat, 
and  the  ventral  valve  is  pyramidal,  with  a  very  large  triangular  hinge- 
area  and  a  long  and  narrow  foramen,  which  is  partially  closed  by  a 
pseudo-deltidium.  Cyriina  (fig.  527,  C  and  d)  resembles  Cyrtia  in  the 
shape  of  the  valves,  but  the  shell  is  punctate,  whereas  in  the  latter  it  is 
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impunctate.  The  genus  Cj^riia  is  Silurian  and  Devonian,  a  familiar 
species  being  the  C.  exporrecta  of  the  Wenlock  Limestone,  while  the 
species  of  Cyriina  range  from  the  Devonian  to  the  Trias. 

More  important  than  either  of  the  preceding  is  the  genus  Athyris 
(including  under  this  head  the  Spirigera  of  D'Orbigny),  which 


Fig.  527. — A,  Retzia  serpentina,  with  part  of  the  dorsal  valve  removed  to  show  the  spires  ; 
b,  Uncites  gryphiis,  with  the  spires  (,s),  from  the  Devonian  ;  c,  Side  view  of  Cyriina  heteroclita 
— Devonian;  D,  The  same  viewed  from  the  dorsal  aspect;  E,  Athyris  concentrica — Devonian; 
F,  Merista  /<yOTJ— Silurian ;  G,  Meristella  aiigiistifro}is—'Si\\\}.x\2LX\,  enlarged;  H,  Cast  of  the 
.same.    (After  Davidson  and  Hall.) 

ranges  from  the  Silurian  to  the  Trias.  The  shell  in  this  genus 
(figs.  527,  E,  and  528)  is  convex,  with  unequal  valves,  the  beak  of 

the  ventral  valve  being  incurved, 
and  either  perforated  by  a  small 
round  foramen,  or  having  the 
foramen  concealed  or  closed  in 
the  adult  state.  (The  name 
Athyris,  like  that  of  Atrypa,  is 
a  zoological  misnomer,  since  in 
both  genera  the  beak  of  the  ven- 
tral valve  is  really  perforated,  in 
the  young  state  at  any  rate.  Some 
authorities,  however,  retain  the  name  of  Spirigera  for  those  forms 
in  which  the  foramen  remains  throughout  life,  and  employ  that  of 
Athyris  for  those  in  which  this  aperture  becomes  closed  in  the  adult 
condition,  the  latter  having  the  additional  distinctive  character  that 
the  interior  of  the  dorsal  valve  is  partially  divided  by  a  longitudinal 
septum.)  The  spiral  supports  for  the  arms  in  Athyris  are  largely 
developed,  and  their  pointed  extremities  are  directed  towards  the 
lateral  angles  of  the  shell  (fig.  528,  c). 


Fig.  528. — Athyris  subtilita — Lower  Car- 
boniferous. The  right-hand  figure  shows  the 
interior  of  the  dorsal  valve,  with  the  spiral 
supports  for  the  arms.    (After  Dawson.) 
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Merista  (fi^.  527,  f),  of  the  Silurian  and  Devonian,  is  like  Athyris  in 
general  characters,  but  there  is  a  longitudinal  septurri  in  the  ventral  valve, 
t-hich  is  supported  by  strongly-arched  transverse  plates  together  form- 
ing what  is  known  as  the  "shoe-lifter  process."  Menstella  (fig.  527,  G 
and  H,  and  fig.  529)  closely  resembles  the  preceding,  but  the  septum  and 
supporting  arched  plates  are  wanting  in  the  ventral  valve.    The  genus  is 


Fig.  529.— a,  Cast  of  the  interior  of  the  ventral  valve     Meristella  nasiitajxom  the  Devonian 
(Original) ;  b,  Interior  of  the  ventral  valve  of  the  same  (after  Billings). 


Silurian  and  Devonian,  and  a  well-known  and  familiar  species  is  the 
Meristella  tiimida  of  the  Silurian  rocks. 

In  the  Silurian  and  Devonian  genus  Nticleospira,  the  shell  has  a  punc- 
tated structure,  with  a  short  hinge-line,  and  a  false  area  with  a  minute 
peduncular  foramen  beneath  the  beak  of  the  ventral  valve.  There  is  a 
low  median  process  in  the  interior  of  the  ventral  valve  ;  and  the  dorsal 


Fig.  530. — I.  Interior  of  a  specimen  of  Uncites  gryfihus,  from  the  Middle  Devonian,  in  which 
the  greater  part  of  the  dorsal  valve  has  been  removed.  The  spires  are  destroyed,  but  their 
"crura"  remain.  2.  Restored  interior  of  the  dorsal  valve  of  the  same:  a,  Cardinal  process; 
b.  Principal  stems  of  the  spires  (rf) ;  c,  Band  connecting  the  "  crura  "  of  the  spires  ;  e.  Pouch- 
shaped  expansions  of  the  beaks.    (After  Davidson.) 


valve  has  a  spatula-shaped  cardinal  process,  which  extends  upwards 
below  the  beak  of  the  ventral  valve,  and  to  the  base  of  which  the  "  crura" 
of  the  brachial  spires  are  attached. 

The  genus  Retzia  includes  a  large  number  of  species  which  range  from 
the  Silurian  to  the  Trias.  The  shell  in  this  genus  (fig.  527,  A)  is  oval, 
usually  radiately  striate  or  ribbed,  the  beak  of  the  ventral  valve  being 
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perforated  by  a  foramen,  below  which  is  a  dehidium.  The  shell-struc- 
ture IS  punctated,  and  the  brachial  spires  are  similar  to  those  of  Spirifera. 
The  names  of  Trematospira  and  Rhyttchosptra  have  been  proposed  for  a 
number  of  Silurian  and  Devonian  Brachiopods  which  are  closely  allied  to 
Retzia,  but  which  differ  from  the  typical  forms  of  this  genus  in  some 
secondary  characters. 

Lastly,  the  genus  Uncites  may  be  placed  in  this  family,  though 
its  characters  are  in  some  respects  peculiar.  The  valves  in  Uncites 
(figs.  527,  B,  and  530)  are  convex,  radially  striated,  and  of  an  im- 
punctate  structure.  The  beak  of  the  ventral  valve  is  very  promin- 
ent and  strongly  curved.  The  foramen  in  the  beak  of  the  ventral 
valve  disappears  early,  and  there  is  no  true  hinge-area,  but  a  large 
concave  deltidium  is  present,  which  partially  conceals  the  incurved 
beak  of  the  dorsal  valve.  The  margins  of  the  beaks  are  bent  in 
wards,  so  as  to  form  pouch-shaped  expansions  external  to  the  hinge. 
Well-developed  brachial  processes,  of  the  form  characteristic  of  the 
Spiriferidce,  are  present. 

The  genus  Uncites  is  confined  to  the  Devonian  rocks,  the  type  being 
the  familiar  U.  grypjms  of  the  Middle  Devonian  of  Europe. 

Family  5.  AxRYPiDyE. — In  this  family  the  shell-structure  is  im- 
punctate,  and  the  ventral  valve  has  an  incurved  beak,  with  a  curved 

hinge-line  and  no  hinge-area. 
The  essential  character  of  the 
family,  however,  is  that  the 
dorsal  valve  is  provided  with 
two  .spirally-coiled  brachial 
supports,  the  apices  of  which 
are  directed  towards  the  in- 
terior of  the  valve  (fig.  531). 
The  geological  range  of  the 
family  is  from  the  Ordovi- 
cian  to  the  Trias. 

The  type  of  this  family  is 
the  genus  Atrypa  itself,  in 
which  the  shell  (fig.  532)  is 
biconvex,  generally  radiately 
ribbed,  and  often  ornamented 
with  squamose  lines  of  gro\rth. 
Though  named  in  accordance 
with  the  belief  that  the  beak 
of  the  ventral  valve  was  imperforate,  a  small  foramen  is  really  pres- 
ent in  this  genus  (fig.  531),  sometimes  concealed,  and  sometimes 
bounded  in  front  by  a  small  deltidium.  The  spiral  brachial  pro- 
cesses are  large  and  conical,  and  are  directed  with  their  apices 


Fig.  531. — Atrypa  reticularis,  from  the  Silurian 
rocks  of  North  America,  enlarged.  The  greater 
part  of  the  dorsal  valve  has  been  removed,  to  show 
the  loop  and  spiral  brachial  processes.  (After  Hall.) 
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turned  into  the  hollow  of  the  capacious  and  ventricose  dorsal  valve. 
The  species  of  Atrypa  range  from  the  Ordovician  to  the  Trias  in- 
clusive, an  exceedingly  familiar  and  widely  distributed  species 


Fig  sv.-AtryPa  reticularis.    Silurian  and  Devonian  of  Europe  and  America. 
(After  Billings.) 

being  the  A.  reticularis  (fig.  532)  of  the  Silurian  and  Devonian 
rocks. 

The  Silurian  and  Devonian  genus  Cmlospira  is  generally  regarded  as  a 
close  ally  of  Atrypa.  The  brachial  supports  in  this  genus  are  of  few 
coils,  and  have  the  peculiarity  that  the  apices  of  the  spires  are  directed 
towards  each  other.  The  Ordovician  and  Silurian  genus  Zygospira 
is  also  nearly  related  to  Atrypa,  but  the  bra- 
chial spires  have  their  apices  directed  obliquely 
into  the  cavity  of  the  dorsal  valve,  and  point 
towards  each  other.  On  the  other  hand,  in 
the  genus  Dayia  (fig.  533)  the  spires  have 
their  apices  turned  obliquely  into  the  cavity 
of  the  dorsal  valve  in  such  a  manner  as  to 
point  away  from  each  other,  thus  facing  the 
sides  of  the  shell.  The  type  of  the  genus 
Dayia  is  the  famiHar  Silurian  Brachiopod 
formerly  known  as  Rhynchonella  7iavicula, 
but  now  termed  Dayia  navicula. 


Fig.  533. — Interior  of  the  dor- 
sal valve  of  Dayia  navicula,  Si- 
lurian, enlarged.  (After  David- 
son.) 


Family  6.  Rhynchonellid^. — In  this 
family  the  animal  is  free,  or  attached  by  a 
muscular  peduncle  issuing  from  a  foramen 
beneath  the  beak  of  the  ventral  valve. 

The  arms  are  spirally  coiled,  and  are  supported  at  their  origins  only 
by  a  pair  of  short,  curved,  calcareous  processes.  The  shell-struc- 
ture is  usually  fibrous  and  impunctate,  but  in  a  few  forms  it  is 
tubulated.  The  shell  is  biconvex,  usually  with  a  curved  hinge-line, 
and  a  prominent  pointed  beak  in  the  ventral  valve.  The  geolo- 
gical range  of  the  family  is  from  the  Ordovician  to  the  present 
day,  but  the  great  majority  of  the  genera  are  confined  to  the 
Palseozoic  rocks. 

The  type-genus  of  this  family  is  Rhyncho7iella,  in  which  the  valves 
are  more  or  less  convex,  smooth,  or  plaited,  and  united  by  teeth  and 
sockets.    The  shell  (fig.  534)  is  trigonal,  generally  with  a  sinus  in 
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the  ventral  valve  and  a  corresponding  fold  in  the  dorsal  valve  and 
having  the  beak  of  the  ventral  valve  acute,  incurved,  and  promi'nent 
The  foramen  is  situated  beneath  the  beak,  open  to  view  or  con- 
cealed, and  entirely  or  partially  completed  by  a  deltidium.  The 
numerous  species  of  Rhynchonella  begin  in  the  Ordovician  rocks 
and  the  genus  is  well  represented  in  the  Silurian,  Devonian,  and 
Carboniferous  rocks.    In  the  Secondary  series  the  genus  exhibits  a 


Fig.  Rhynchonella  cafax;  dorsal,  profile,  and  veiural  views.  Ordovician. 


marked  development  in  the  Jurassic  period ;  but  there  are  few  Ter- 
tiary species,  and  only  six  living  forms  are  known. 

The  Permian  Brachiopods  which  have  been  included  under  the  name 
of  Rhy7ichoporina  resemble  Rhynchonella  in  all  essential  respects,  but 
the  shell  is  punctated.  In  the  Silurian  genus  Eatonia,  hitherto 'only 
found  in  North  America,  the  teeth  in  the  ventral  valve  are  prolonged 
into  elevated  ridges  which  enclose  the  muscular  impressions,  these  latter 
being  divided  by  a  median  septum,  a  more  developed  septum  being  pre- 
sent in  the  dorsal  valve  as  well.  In  the  Triassic  genus  Dimerella, 
again,  there  is  a  large  triangular  foramen  beneath  the  beak  of  the  ventral 
valve,  and  the  dorsal  valve  has  a  prominent  median  septum  which  divides 
the  umbonal  half  of  the  cavity  of  the  shell  into  two  chambers.    In  Lcto- 


Fig.  535. — Leiorhynchus  Huroncnsis,  viewed  dorsally  (a),  ventrally  {b'),  and  in  profile  {c). 

Devonian.  (Original.) 

rhynchus  (fig.  535)  are  various  Devonian  Brachiopods,  very  closely  allied 
to  Rhyiichonella  proper,  but  having  the  plications  of  the  shell  obsolete 
on  the  lateral  angles,  while  well  marked  on  the  mesial  fold  and  sinus. 
The  beak  of  the  ventral  valve  is  pierced  by  a  foramen,  in  at  any  rate  the 
early  stages  of  growth,  and  there  is  a  well-defined  septum  in  the  dorsal 
valve.  Triplesia  (Silurian)  has  a  triangular  pedicle-notch  beneath  the 
beak  of  the  ventral  valve,  the  hinge-line  being  straight,  with  a  well- 
defined  hinge-area  ;  while  the  cardinal  process  in  the  dorsal  valve  is  pro- 
minent and  bifurcated,  and  the  shell  itself  is  trilobate.   In  the  Ordovician 
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crenus  Camarella  the  shell  is  almost  eqmvalve  the  ventral  valve  havmg 
In  incurved  imperforate  beak  ;  and  the  dental  lamellae  converge  to  form 
beneath  the  beak  of  the  ventral  valve  a  small  triangular  chamber,  from 
which  a  median  septum  is  continued.  A  similar  median  septum  is  con- 
tinued in  the  dorsal  valve  from  the  bases  of  the  brachial 
processes.  Lastly,  the  genus  Stenoschisma  {=Camaro- 
phoria,  King)  possesses  a  shell  like  that  of  Rhyncho- 
nella,  but  the  teeth  in  the  ventral  valve  are  supported  by 
converging  lamellae,  which  unite  to  form  a  low  median 
septum,  while  a  more  pronounced  septum  is  developed 
in  the  interior  of  the  dorsal  valve.  The  species -'of 
this  genus  are  abundant  in  the  Devonian  rocks  of  North 
America,  while  other  species  occur  in  the  Carboniferous 
and  Permian  rocks. 

All  the  preceding  forms  are  naturally  associated     Fig  •ii(>.-ste7f 

sr  o  -I  oschzsma  (Cam- 

with  one  another  by  their  structural  characters ;  but  arophoHd)  giobu- 
there  is  another  great  group  of  Brachiopods  usually  (After  King™'""' 
placed  in  the  RhynchonellidcR^  and  agreeing  with 
this  family  in  many  points,  of  which  the  genus  Fentamerus  is  the 
type,  and  which  presents  certain  distinctive  features  of  its  own. 
In  Fentamerus  (fig.  537)  the  shell  is  ovate,  the  valves  articulated  by 
teeth  and  sockets,  and  the  surface  generally  ribbed  or  striated,  but 
sometimes  smooth.  The  beaks  are  incurved,  that  of  the  ventral 
valve  conceahng  a  triangular  fissure.  Inside  the  ventral  valve  "  two 
contiguous  vertical  septa  coalesce  into  one  median  plate,  extending 


Fig.  S37. — Fentamerus  Knightii.    The  right-hand  figure  shows  the  internal  septa  and 
dental  plates  of  the  shell.  Silurian. 


from  the  beak  to  a  greater  or  less  distance ;  and  then  diverge  and 
form  the  dental  plates,  enclosing  a  triangular  chamber  of  much 
smaller  dimensions  than  the  lateral  ones  "  (Davidson).  The  small 
central  chamber  must  have  been  occupied  by  the  digestive  organs, 
and  the  spiral  arms  must  have  filled  the  great  lateral  spaces.  In 
the  interior  of  the  smaller  or  dorsal  valve  are  two  longitudinal  septa, 
which  often  form  a  chamber  corresponding  with  and  apposed  to  the 
median  chamber  in  the  ventral  valve.  The  Fe^itameri  are  confined 
to  the  Silurian  and  Devonian  deposits,  particular  species  being  often 
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restricted  to  definite  horizons,  while  some  forms  have  a  very  wide 
geographical  range.  Well-known  Silurian  species  are  P.  Knightii, 
P.  oblo7igiis  (fig.  538),  and  P.  U7idatiis,  while  P.  globus  and  P.  acuto- 
lobatus  are  Devonian,  and  the  familiar  P.  galeatus  is  found  in  both 
sets  of  deposits. 

In  the  typical  forms  of  Pentamerus  the  shell  is  more  or  less  globose, 
the  ventral  valve  is  much  the  largest,  and  the  median  septum  in  the  same 
valve  is  very  long.  In  certain  Silurian  species,  however,  which  have 
been  placed  in  Pefttamerus,  and  for  which  Mr  Billings  proposed  the 
name  of  Stricklandia  {  =  Stricklandi7tia),  the  two  valves  (fig.  539)  are 


Fig.  538. — Large  specimen  of  Pentamerus  oblongus.  Fig.   539.  —  Stricklandia. 

Silurian.    (Original.)  Davidsoni,  viewed  sideways 

and  dorsallj'.  Silurian. 
(After  Billings.) 


not  very  disproportionately  unequal,  the  shell  is  often  more  or  less  de- 
pressed, and  in  the  venti-al  valve  there  is  but  a  short  mesial  septum 
which  supports  a  V-shaped  chamber  beneath  the  beak ;  whereas  in  the 
dorsal  valve  there  are  only  two  short  socket-plates.  Pentamerella,  Ain- 
phigenia,  Gypidiila,  and  Anastt-ophia  are  other  generic  or  sub-generic 
titles  which  have  been  proposed  for  forms  more  or  less  closely  allied  to 
Pentamerus  itself  The  first  three  of  these  occur  in  the  Devonian,  but 
the  last  is  found  in  the  Silurian  deposits  of  North  America. 

The  genus  Poi-avibonites  occupies  a  doubtful  position,  being  some- 
times placed  in  the  present  family,  and  sometimes  referred  to  the 
Strophoine7iidce.  In  this  genus  the  shell  is  globose  and  almost  equivalve, 
with  a  mesial  fold  and  sinus  in  front ;  and  the  beak  of  the  ventral  valve 
has  a  small  foramen.  The  hinge-teeth  in  the  ventral  valve  are  supported 
by  strong  dental  lamellae,  which  unite  to  form  a  small  median  septum. 
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Family  7.  Terebratulid^. — The  shell  in  the  TerebratulidcR  is 
minutely  punctate  in  structure,  and  is  rounded  or  oval  in  form,  the 


Fig.  540. — Interior  of  the  ventral  valve  (a)  and  dorsal  valve  (u)  of  the  recent  IValdhcimia 
Jiavescens.  a'.  Beak  of  the  ventral  valve  with  the  foramen  {/);  Hinge-teeth;  Septum  of 
dorsal  valve  ;  I,  Brachial  loop  ;  s,  Dental  sockets  ;  a  a,  Adductor-impressions  ;  b  i,  Ventral  ad- 
justors ;  c  c,  Divaricator-impressions ;  I/,  Peduncular  muscles ;  c',  Cardinal  process.  (After 
Davidson.) 


surface  being  smooth  or  striated.  The  beak  of  the  ventral  valve 
(fig.  540,  a)  is  prominent,  and  is  perforated  by  a  foramen,  through 
which  passes  the  peduncle  of  attachment,  and  which  is  partially 
surrounded  by  a  deltidium  of  one  or  two  pieces.  The  arms  are 
supported  by  a  loop-shaped  brachial  process  (fig.  540,  /),  which 


Fig.  541. — a,  Tercbraiiila  qtiadrifida — Lias  ;  b,  Terebratiila  sflueroidnlis — Inferior  Oolite  ; 
c,  Terehratula  dig-ona—Hradford  Clay,  Forest  Marble,  and  Great  Oolite  (Jurassic).  (After 
Davidson.) 


varies  in  length  and  form  in  different  types  of  the  family,  and  which 
springs  from  the  hinge  of  the  dorsal  valve.  As  regards  its  geolo- 
gical range,  the  family  of  the  Terebratulidce  is  represented  in  de- 
posits as  old  as  the  Devonian,  or  even  the  Silurian ;  but  it  attains 
its  maximum  development  in  the  Mesozoic  and  Kainozoic  deposits, 
VOL.  I.  2  u 


-a 


674 


MOLLUSCOIDEA. 


Fig.  542. — Terebratula  saccnlus — Car- 
boniferous. The  right-hand  figure  shows 
the  interior  of  the  dorsal  valve  with  the 
loop.    (After  Dawson.) 


and  it  is  represented  at  the  present  day  by  a  number  of  living 
forms. 

In  the  genus  Terebratula  itself,  as  now  usually  restricted,  the 
shell  (fig.  541)  is  oval  or  circular,  with  a  smooth  surface,  and  either 
simply  rounded  in  front,  or  exhibiting  a  mesial  fold  in  the  ventral 
valve,  to  which  corresponds  a  sinus,  with  a  lateral  fold  on  each  side, 

in  the  dorsal  valve.  The  beak  of 
the  ventral  valve  is  short,  with  a 
wide  foramen,  below  which  is  a 
deltidium.  The  brachial  loop  (fig. 
542)  is  short,  and  does  not  extend 
to  more  than  a  third  of  the  distance 
between  the  hinge-line  and  the  an- 
terior margin  of  the  shell.  The 
oldest  forms  of  the  Terebratulce  ap- 
pear in  the  Devonian,  and  other 
forms  are  found  in  the  Carbonif- 
erous and  Permian  deposits.  These 
early  examples  of  the  genus  differ  from  later  types  in  the  possession 
of  strong  dental  supports  beneath  the  hinge  of  the  ventral  valve. 
Throughout  the  Secondary  rocks,  and  especially  in  the  Jurassic  and 
Cretaceous  formations,  the  genus  is  largely  represented,  while  there 
is  also  a  limited  number  of  Tertiary  types,  and  several  living  species 
are  known. 

In  Terebratulina  (fig.  543)  the  exterior  of  the  shell  is  ornamented  with 
dichotomous  radial  stri^,  and  the  brachial  loop  is  veiy  short,  and  is  con- 
verted into  a  simple  ring.    The  species 
of  Terebratulina  range  from  the  Jurassic 
to  the  present  day. 

The  genus  Waldheimia  is  the  type  of 
another  series  of  the  Terebratulida,  in 
which  the  brachial  loop  is  elongated,  its 
length  equalling  at  least  half  that  of  the 
shell  itself  (fig.  540).  In  addition  to  the 
presence  of  a  long  brachial  loop,  another 
distinctive  character  of  Waldheimia  is 
the  existence  of  a  more  or  less  developed 
median  septum  in  the  interior  of  the  dorsal  valve.  The  species  of  Wald- 
heimia appear  to  commence  in  the  Lias,  and  the  genus  is  well  represented 
at  the  present  day.  There  are  no  dental  plates  in  the  ventral  valve  of 
Waldheimia,  but  such  plates  are  developed  in  the  closely  allied  Zeilleria 
of  the  Jurassic,  Cretaceous,  and  older  Tertiary  formations. 

In  the  Silurian,  Devonian,  and  Carboniferous  genus  Centronella  (fig. 
?44)  the  shell  has  the  general  characters  of  Terebratula,  but  the  brachial 
loop'  consists  of  two  delicate  ribbon-like  lamella;,  which  extend  about 
one-half  the  length  of  the  shell.  "  These  lamella:  at  first  curve  gently 
outwards,  and  then  approach  each  other  gradually,  until  at  their  lower 
extremities  they  meet  at  an  acute  angle  ;  then,  becoming  united,  they 
are  reflected  backwards  towards  the  beak,  in  what  appears  to  be  a  thin, 
flat  vertical  plate.    Near  their  origin  each  bears  upon  the  ventral  side 


Fig.  S43. — Terebratulina  substriata. 
Upper  Jurassic,  of  the  natural  size. 
(After  Zittel.) 
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a  single  triangular  crural  process  »  (Billings).  The  species  of  this  genus 
seem  to  be  mainly  confined  to  the  Palasozoic  rocks  of  North  America ; 
but  European  forms  are 
known.  The  Silurian  and 
Devonian  genus  Leptoccelia 
seems  to  be  nearly  allied 
to  Centronella,  but  the  shell 
is  radiately-ribbed,  whereas  in 
the  latter  genus  it  is  smooth. 
The  Silurian  and  Devonian 
genera  Rensselceria  and  Me- 
gantcris  likewise  include 
ancient  types  of  the  Terebra- 
tulida. 

In  the  genus  Terebratella 
(fig.  545)  the  shell  is  some- 
times smooth,  sometimes  ra- 
diately-ribbed, and  there  is 
an  incomplete  deltidium  (;«)  below  the  foramen.  In  the  dorsal  valve 
is  a  well-developed  mesial  septum,  with  which  the  brachial  loop  becomes 
secondarily  connected  by  means  of  transverse  calcareous  processes,  one 
on  each  side.  The  genus  Terebratella  begins  in  the  Lias,  is  well  repre- 
sented in  the  Cretaceous  formation,  and  still  exists  at  the  present  day. 

Various  Mesozoic,  Tertiary,  and  Recent  Brachiopods  are  closely  re- 


Fig.  544.— Lateral  (a)  and  dorsal  {b')  views  of  Cen- 
tronella  glans-fagea,  from  the  Devonian  rocks  of 
North  America,  of  the  natural  size ;  c,  Brachial  loop 
of  the  same,  enlarged.  (After  Hall  — copied  from 
Zittel.) 


lated  to  Terebratella,  with  which  they  agree  in  the  fact  that  the  brachial 
loop,  in  addition  to  its  normal  attachment  to  the  hinge-line,  has  a  second- 
ary connection  with  a  median  septum  in  the  dorsal  valve.  Among  the 
forms  in  question,  Lyra  {Terebrirostra)  has  a  greatly  elongated  beak  to 
the  ventral  valve,  and  is  confined  to  the  Cretaceous  period.  The  genus 
Trigonosemus,  also  Cretaceous,  has  an  incurved  beak,  a  large  cardinal 
process,  and  an  extensive  hinge-area.  In  the  genus  Magax,  of  the  Cre- 
taceous period,  the  dorsal  septum  is  so  greatly  developed  as  almost  to 
divide  the  cavity  of  the  shell  into  two  halves  ;  while  in  Megerlia  (Chalk 
to  Recent)  the  brachial  loop  is  not  only  attached  to  the  hinge-plate,  but 
IS  doubly  connected  with  the  dorsal  septum.  The  Jurassic  and  Creta- 
ceous Kiiigena,  and  the  recent  Bouchardia  and  Kraussina  are  other 
types  belonging  to  the  same  group. 

Family  8.  ARGiOPiDyE. — In  this  family  there  is  a  large  foramen 
for  the  transmission  of  the  peduncle  of  attachment,  and  the  dorsal 
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valve  is  provided  with  one  or  more  sub-marginal  septa,  with  which 
the  brachial  loop  becomes  more  or  less  extensively  fused.  The 
shell-structure  is  punctate.  The  range  of  the  family  is  from  the 
Jurassic  period  to  the  present  day. 

The  type-genus  of  this  family  is  Argiope  itself,  which  ranges  from 

the  Upper  Jurassic  to  the  present 
day.  In  this  genus  the  shell  (fig. 
546)  is  transversely  oval,  with  a 
straight  hinge-line  and  an  area  to 
each  valve,  and  having  a  large  fora- 
men, with  a  rudimentary  deltidium. 
The  interior  of  the  dorsal  valve  is 
furnished  with  from  three  to  five 
sub-marginal  septa  is) ;  while  the 
brachial  loop  follows  the  margin  of 
the  shell,  and  becomes  attached  to 
the  septa,  thus  becoming  four-lobed,  being  at  the  same  time  partially 
confluent  with  the  shell.  Cistella  (Lias  to  Recent)  closely  resembles 
Argiope  in  general  characters,  but  there  is  only  a  single  septum  in 
the  dorsal  valve,  and  the  brachial  loop  is  two-lobed. 

Family  9.  SxRiNGOCEPHALiDiE.- — In  this  family  the  shell  is 
rounded ;  the  beak  of  the  ventral  valve  possesses  a  foramen  and 


Fig.  546. — Interior  of  the  dorsal  valve 
of  Argiope  decollata  (Recent),  enlarged, 
showing  the  sub-marginal  septa  {s)  and 
the  brachial  loop  (/).    (After  Davidson.) 


Fig.  547- — A,  Interior  of  the  dorsal  valve  of  Stringoccphalus  Btiriini,  Middle  Devonian ;  B, 
Shell  of  the  same  viewed  in  profile  and  showing  the  interior  :  a.  Adductor  impression  ;  /,  Cardin.il 
process  ;  A,  Hinge-plate  ;  c.  Crura  of  loop  (/) ;  d,  Dorsal  septum  ;  Ventral  septum  ;  Dental 
sockets.    The  radial  processes  of  the  loop  are  shown  in  A  by  dotted  lines.    (After  Davidson.) 

deltidium  J  the  cardinal  process  of  the  dorsal  valve  is  greatly  de- 
veloped ;  and  the  brachial  loop  is  marginal,  and  carries  internally- 
directed  radial  processes.  The  only  genus  comprised  in  this  family 
is  Strhigocephalus  itself,  which  is  confined  to  the  Silurian  and  De- 
vonian rocks. 


BRACHIOPODA. 


677 


The  type-species  of  Strmgocephalus  is  the  well-known  S.  Burti7ii 
of  the  Middle  Devonian  of  Europe.  In  this  well-known  species 
(figs.  547  and  548)  the  shell  is  sub-orbicular,  with  a  prominent  beak 
to  the  ventral  valve,  and  often  growing  to  a  great  size.  There  is  a 
large  foramen  below  the  beak  of  the  ventral  valve,  which  is  triangular 
in  the  young  shell,  but  ultimately  becomes  oval  and  reduced  in  size 
by  the  growth  of  the  deltidiura.  The  ventral 
valve  has  prominent  teeth,  fitting  into  corre- 
sponding sockets  (/)  in  the  dorsal  valve.  The 
cardinal  process  (p)  in  the  dorsal  valve  is  very 
prominent,  and  its  free  end  is  bifurcated  to 
receive  a  well-developed  median  septum  (&)  in 
the  ventral  valve.  A  corresponding,  but  much 
smaller  septum  id\  is  present  in  the  dorsal  valve.  Fig.  s^.'i.—stringoce- 
The  hmge-plate  {h)  of  the  dorsal  valve  gives  fan-reduced  in  size, 
origin  to  a  large  brachial  loop  (/),  consisting  of 
two  crura  (^r)  which  are  reflected  backwards  about  the  middle  of  the 
valve,  and  then,  bending  forwards,  give  origin  to  a  wide  ribbon- 


Fig.  s^9-—Tliccidiiim  pafillatum.    e,  Hinge-area;  «,  Hinge-teelh  of  ventral  valve 
r  r,  Granulated  border  of  the  interior  of  the  dorsal  valve.  Cretaceous. 

shaped  band,  which  is  sub-marginal  in  position,  and  gives  off  radiat- 
ing shelly  processes  along  its  inner  margin. 

Family  10.  THECiDiiDiE. — In  this  family  the  shell  is  usually 
fixed  to  the  sea-bottom  by  the  substance  of  the  beak  of  the  ventral 
valve ;  the  arms  are  united  in  the  form  of  a  bridge  over  the  visceral 
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cavity,  are  folded  upon  themselves,  and  are  supported  by  a  cal- 
careous loop  ;  and  the  mantle  is  strengthened  by  a  copious  develop- 
ment of  calcareous  spicula.  The  inner  layer  of  the  shell  is  fibrous, 
but  the  outer  layer  is  tubulated.  The  geological  range  of  the  family 
is  from  the  Carboniferous  to  the  present  day. 

The  type-genus  of  this  family  is  Thecidium  ( =  Thecided)  which 
commences  in  the  Upper  Trias,  is  well  represented  in  parts  of  the 
Jurassic  and  Cretaceous  rocks,  and  survives  under  two  specific  forms 
at  the  present  day.  In  this  genus  the  shell  (fig.  549)  is  plano- 
convex, and  is  fixed  by  the  substance  of  the  beak  of  the  ventral 
valve,  or  may  be  free  in  the  adult  condition.  The  hinge-line  is 
straight,  with  powerful  hinge-teeth  in  the  ventral  valve,  this  valve 
being  further  distinguished  by  the  presence  of  a  large  triangular 
hinge-area,  in  which  is  a  pseudo-deltidium.  The  margins  of  both 
valves  exhibit  internally  a  broad  granulated  and  thickened  border. 
In  the  dorsal  valve  is  a  prominent  cardinal  process,  flanked  by  the 
dental  sockets,  below  which  the  brachial  supports  unite  to  form  a 

slender  bridge.  The  loop  follows 
the  margin  of  the  shell,  generally 
forming  more  or  fewer  lobes,  and 
is  either  confluent  with  the  shell, 
or  is  connected  with  a  calcareous 
network  formed  by  the  largely 
developed  spicula  in  the  mantle. 

Besides  the  Liassic  types  in- 
cluded under  the  names  of  Etide- 
sella,  Davidsonella,  an^Baciryfiium, 
this  family  includes  the  remarkable 
Carboniferous  types  described  by 
Waagen  under  the  names  of  Old- 
hamma  and  Lyttonia.  In  these 
singular  forms  the  shell  is  of  large 
size,  flat  or  gibbous,  and  attached 
by  the  ventral  valve.  The  hinge- 
line  is  straight  and  short,  without 
c"  T  .  •     r  .t,      .  ,    ,     an  area  or  pseudo-deltidium.  In- 

Fig.  550. — A,  Interior  of  the  ventral  valve  j^.jv.ij^vy 

of  o/rf/ja/wwa  from  the  Carbonifer-  temally,  the  vcntral  valvc  exhibits 

ous  rocks  of  India;  B,  Cardinal  view  of  the  a      i     j  u  ..I 

dorsal  valve.  (After  Waagen.)  a  median  scptum,  flanked  on  DOtn 

sides  by  numerous,  transverse  and 
oblique,  lateral  septal  ridges.  The  dorsal  valve  is  rudimentary, 
"  forming  together  with  the  brachial  apparatus  one  strongly-lobed 
shelly  plate,  which  fits  between  the  external  septa  of  the  large  valve  " 
(Waagen).  These  abnormal  types  have  hitherto  been  detected  only 
in  the  Carboniferous  rocks  of  India,  and  they  are  regarded  by 
Waagen  as  forming  a  special  sub-family  of  the  ThecidiidcE. 
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CHAPTER  XXXV. 

UB-KINGD  OM  MOLL  USCA. 

GENERAL  CHARACTERS  OF  THE    MOLLUSCA  GENERAL  CHARACTERS 

OF  THE  LAMELLIBRANCHIATA. 

The  Mollusca  may  t>e  defined  as  soft-bodied,  bilaterally  symmetrical, 
7iot  definitely  segtnented  animals.  The  anterior  part  of  the  body  is 
very  generally  developed  iiito  a  distinct  head,  bearing  one  or  more  pairs 
of  soft  tactile  processes  or  tetitacles.  The  mouth  is  anterior,  the  ali- 
7!ientary  canal  is  co?npletely  shut  off  from  the  general  cavity  of  the 
body,  and  the  anus  is  pri?nitively  posterior.  The  nervous  system  con- 
sists of  a  S77iall  number  of  paired  ganglia.  A  distitict  vascular  sys- 
tem and  a  systemic  heart  are  present.  One  or  more  pairs  of  kid?ieys 
{sometijnes  a  single  kidney)  are  present  as  saccular  orgatis 
phridia  "),  which  open  internally  into  the  body-cavity,  attd  communi- 
cate with  the  exterior  by  a  pore  placed  near  the  anus.  Commonly 
there  is  an  external  or  internal  "  shell." 

The  body  of  a  Mollusc  exhibits  a  distinct  dorsal  and  ventral 
surface^  and  a  right  and  left  side.  The  dorsal  surface  is  covered 
by  a  fold  of  the  integument  which  constitutes  what  is  called  the 
"  mantle  "  or  "  pallium,"  and  which  may  be  greatly  expanded  later- 
ally, or  may  form  a  complete  sac  enclosing  all  the  viscera.  The 
so-called  "mantle-cavity"  or  "pallial  chamber"  is  the  space  in- 
cluded between  the  lateral  prolongations  of  the  mantle  and  the 
sides  of  the  body. 

From  the  ventral  side  of  the  body  there  is,  typically,  developed 
an  unpaired  median  muscular  mass,  which  constitutes  what  is  called 
the  "foot."  The  foot  (fig.  551,  f)  may  show  a  distinct  division 
into  an  anterior,  a  middle,  and  a  posterior  region ;  and  it  is  often 
furnished  with  distinct  lateral  prolongations  ("  epipodia ").  The 
foot  undergoes  remarkable  modifications  in  different  groups  of  the 
Mollusca. 

The  alimentary  canal  commences  at  the  mouth  (fig.  551,  m). 
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which  may  or  may  not  be  provided  with  an  apparatus  of  teeth,  or 
may  be  furnished  with  tactile  processes.  The  digestive  tube  is  com- 
monly of  considerable  length,  and  usually  shows  a  gullet,  into  which 
salivary  glands  pour  their  secretion,  a  stomach,  and  an  mtestine. 
The  rectum  terminates  at  the  anal  aperture  (fig.  5Si>  «)'  ^^^^J.^^ 
primitively  at  the  hinder  end  of  the  body,  but  which  in  many  lorms 
ultimately  becomes  shifted  further  forward.  The  blood  is  colour- 
less ;  and  a  definite  heart,  consisting  of  a  ventricle  and  one  or  two 


Fig.  551. — Diagram  of  a  Mollusc  (altered  from  Lankester).  ?«,  Mouth;  a,  Anus;  /.Liver; 
f.  Foot ;  sh,  Shell,  attached  to  the  mantle  ;  h.  Heart ;  pe.  Pericardium  ;  n,  Kidney,  opening  in- 
ternally into  the  pericardium,  and  externally  near  the  anus  (k);  br,  Gill ;  eg.  One  of  the_  cerebral 
ganglia,  connected  by  commissures  with  the  pleural  ganglioti  {pg)  and  the  pedal  ganglion  (fg)  ; 
vn,  Visceral  nerve-cord  extending  backward,  and  carrying  visceral  ganglia  (7',^). 


auricles,  is  always  present,  and  always  has  the  function  of  propell- 
ing the  aerated  blood  through  the  body. 

Respiratory  organs  are  not  always  developed,  the  function  of 
respiration  being  in  some  cases  discharged  by  the  thin  walls  of  the 
mantle-cavity.  In  the  majority  of  the  Molluscs,  however,  there  are 
definite  respiratory  organs,  a  portion  of  the  mantle  being  specialised 
for  this  purpose.  In  the  Latnellibranchiata,  and  the  branchiate  Gas- 
tropoda, the  breathing-organs  are  in  the  form  of  lamellar  or  pectin- 
ate gills ;  and  the  same  is  the  case  with  the  Cephalopoda.  In  the 
pulmonate  Gastropoda,  in  which  respiration  is  aerial,  a  pulmonary 
sac  or  air-chamber  is  produced  by  the  folding  of  a  portion  of  the 
mantle,  over  the  interior  of  which  the  pulmonary  vessels  are  dis- 
tributed, and  the  external  opening  of  which  is  placed  on  the  side 
of  the  neck. 

The  nervous  system  consists  of  paired  ganglia  united  by  com- 
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missures.  The  most  important  ganglia  are  (i)  a  pair  of  "  cerebral  " 
ganglia,  placed  above  the  gullet;  (2)  a  pair  of  "pedal"  ganglia 
placed  below  the  gullet,  and  supplying  the  foot  and  adjacent  parts ; 
and  (3)  a  group  of  "  visceral "  ganglia  placed  towards  the  posterior 
part  of  the  body. 

Reproductive  organs  are  always  present,  and  the  sexes  may  be 
distinct  or  united.  There  is  usually  a  well-marked  metamorphosis 
m  development,  and  the  embryo  very  commonly  passes  through  a 
"  trochosphere  "  stage,  in  which  it  swims  about  actively  by  means 
of  a  circlet  of  cilia  placed  in  front  of  the  mouth,  and  closely  re- 
sembles the  larva  of  many  Annelides.  The  young  Mollusc  pos- 
sesses a  glandular  involution  of  the  dorsal  integument,  which  pro- 
duces an  embryonic  shell,  and  this  may  either  be  cast  off  as  de- 
velopment proceeds,  or  may  remain  permanently  as  part  of  the 
shell  of  the  adult.  In  the  Spiral  Gastropods  the  embryonic  shell 
or  "  nucleus  "  is  placed  at  the  apex  of  the  permanent  shell,  whereas 
in  the  Bivalves  it  is  situated  at  the  beak  or  "  umbo." 

The  Molluscs  very  generally  develop  an  integumentary  skeleton 
in  the  form  of  a  "shell,"  which  in  all  forms,  except  in  the  Argonaut, 
is  secreted  by  the  mantle.  In  chemical  composition  the  shell  con- 
sists of  carbonate  of  lime  disseminated  throughout  an  organic 
matrix.  The  atomic  arrangement  of  the  carbonate  of  lime  differs 
in  different  cases,  some  Molluscs  having  the  shell  wholly  composed 
of  calcite,  while  in  others  it  is  wholly  composed  of  aragonite,  and 
in  many  forms  it  consists  of  an  inner  layer  of  aragonite  and  an 
outer  layer  of  calcite.  Very  generally  the  outer  surface  of  the  shell 
is  covered  by  an  easily  recognisable  horny  external  layer  (the  "  epi- 
dermis "  or  "  periostracum  "),  but  this  may  be  exceedingly  thin,  or 
may  disappear  altogether  in  the  course  of  growth.  Some  of  the 
more  important  points  in  the  microscopic  structure  of  the  shell  will 
be  briefly  noticed  in  dealing  with  the  different  groups  of  Molluscs. 
While  the  presence  of  a  shell  is  very  characteristic  of  the  Molluscs, 
there  are  many  so-called  "  naked "  forms,  in  which  the  adult  is 
either  totally  devoid  of  a  shell,  or  possesses  only  a  rudimentary 
shell  enclosed  in  the  substance  of  the  mantle. 

The  Mollusca  may  be  roughly  divided  into  two  great  sections, 
respectively  termed  the  Acephala  and  the  Encephala  (or  Cephalo- 
pho7-d),  characterised  by  the  absence  or  presence  of  a  distinctly 
differentiated  head.  The  headless,  or  Acephalous,  Molluscs  corre- 
spond to  the  class  Lamellibranchiata ;  also  distinguished,  at  first 
sight,  by  the  possession  of  a  bivalve  shell.  The  Encephalous 
Molluscs  are  more  highly  organised,  and  are  divided  into  the  two 
principal  classes  of  the  Gastropoda  (including  the  Pteropoda)  and 
the  Cephalopoda,  with  which  may  be  associated  the  two  small  and 
aberrant  groups  of  the  Polyplacophora  (Chitons)  and  Scaphopoda 
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(Tooth-shells).  The  shell  in  the  Encephalous  Molluscs  is  of  a 
very  different  nature  in  different  cases,  but  all  the  members  of  this 
section  possess  a  compHcated  series  of  lingual  teeth,  and  they  have 
for  this  reason  been  grouped  together  by  Professor  Huxley  under 
the  name  of  Odontophora. 

As  regards  their  distribution  in  space,  all  the  members  ot  the 
Mollusca  are  aquatic  in  their  habits  with  the  exception  of  a  portion 
of  the  Pulmonate  Gastropods,  many  of  these,  however,  being  in- 
habitants of  water,  though  others  are  strictly  terrestrial.  The 
water-inhabiting  Molluscs  may  live  in  the  sea,  or  in  brackish  or 
fresh  waters.  Owing  to  their  generally  living  in  water,  and 
owing  also  to  their  so  commonly  possessing  hard  structures,  whether 
external  or  internal,  no  fossils  are  more  abundant  or  more  import- 
ant than  the  remains  of  the  Mollusca.  As  regards  the  general  dis- 
tribution in  time  of  the  Molluscs,  all  the  principal  classes  (viz.,  the 
Lamellibranchiata,  Gastropoda,  and  Cephalopoda)  are  represented 
in  the  Upper  Cambrian  deposits,  and  it  is  therefore  clear  that  we 
have  at  present  no  knowledge  of  the  really  primordial  types  of  the 
sub-kingdom.  Speaking  generally,  the  chief  representatives  of  the 
Mollusca  in  Pateozoic  time  are  the  chambered  Cephalopods  {Tetra- 
bratichiata),  the  Dibranchiate  Cephalopods  apparently  not  having 
come  into  existence,  while  the  Lamellibranchs  and  Gastropods 
show  a  comparatively  limited  development.  In  Mesozoic  time, 
the  Dibranchiate  Cephalopods  make  their  first  appearance,  and 
undergo  a  vast  development,  while  the  Tetrabranchiate  division  of 
this  class  has  also  a  wonderful  representation.  The  Lamelli- 
branchs are  very  largely  represented  in  the  Mesozoic  deposits,  but 
the  Gastropods  still  play  a  subordinate  part.  In  Kainozoic  time, 
on  the  other  hand,  the  Cephalopods  undergo  an  extraordinary  re- 
duction, the  group  of  the  Tetrabranchiates  becoming  almost  extinct, 
while  the  Lamellibranchs  and  Gastropods,  the  latter  particularly, 
assume  a  predominant  position.  At  the  present  day,  the  Lamelli- 
branchs and  Gastropods  are  the  two  leading  classes  of  Molluscs, 
and  both  seem  to  have  attained  their  culminating  point  in  existing 
seas. 

Class  I.  Lamellibranchiata. 

The  Latnellibranchiata  ( =  Conchifera  or  Felecypoda)  are  often 
familiarly  spoken  of  as  the  "  Bivalve  Molluscs,"  and  are  characterised 
by  the  absence  of  a  distinctly  differentiated  head,  and  by  having  the 
tnantle  divided  into  two  lobes,  right  and  left,  each  of  which  secretes  a 
shelly  investment,  so  that  the  body  is  more  or  less  completely  enclosed 
in  a  bivalve  shell.  There  are  one  or  two  pairs  of  lamellar  gills  on 
each  side  of  the  body.  An  odontophore  is  wanting.  The  sexes  are 
distinct  or  united. 
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The  body  in  the  Lamellibranchs  is  bilaterally  symmetrical,  and  is 
enclosed  m  a  largely  developed  "  mantle "  or  "  pallium,"  which  is 

divided  into  two  lateral  halves,  the 
right  and  left  "  lobes  "  of  the  mantle. 
The  two  lobes  of  the  mantle  are 
united  along  the  dorsal  side  of  the 
body,  and  are  prolonged  laterally  as 
two  great  flaps,  which  conceal  the 
body,  and  enclose  inferiorly  a  cham- 
ber known  as  the  "mantle-cavity." 
The  lower  or  ventral  edges  of  the 
mantle-lobes  are  normally  free;  but 
in  many  Bivalves  they  become  more 
or  less  fused  with  one  another  (fig. 
552),  so  that  the  animal  is  enclosed 
in  a  complete  sac,  in  which  certain 
openings  are  left  anteriorly  and  pos- 
teriorly. Two  of  these  apertures  are 
at  the  posterior  end  of  the  animal, 
and  serve  to  permit  the  ingress  into 
the  mantle-cavity  of  the  water  required 
for  respiration  and  for  the  purpose  of 
obtaining  food,  and  the  egress  of  the 
same.  The  lower  or  ventral  aperture 
is  inhalant  in  function ;  the  upper  or 
dorsal  aperture  is  exhalant ;  and  the 
anus  is  always  placed  in  the  vicinity 
of  the  latter,  so  that  excrementitious 
matters  are  carried  away  in  the  out- 
going currents  of  water.  In  many  cases  these  two  openings  into 
the  mantle-sac  are  drawn  out  into  longer  or  shorter  muscular  tubes, 
which  are  known  as  the  "siphons."  In  those  Bivalves  which  have 
the  ventral  margins  of  the  mantle-lobes  free^  the  in-going  and  out- 
going currents  of  water  still  enter  and  leave  the  mantle-cavity  by 
openings  at  its  posterior  end. 

In  those  Bivalves  which  have  the  mantle-lobes  fused  along  their 
ventral  edges,  a  third  aperture  is  necessary  in  order  to  allow  of  the 
protrusion  of  the  "  foot."  This  aperture  is  always  placed  ventrally 
and  towards  the  anterior  end  of  the  animal.  In  the  forms  with 
free  mantle-lobes  no  special  opening  is  needed  for  the  protrusion  of 
this  organ. 

The  "  foot "  of  the  Bivalves  is  not  so  extensively  developed  as  in 
the  Gastropods.  Usually  it  forms  a  hatchet-shaped  muscular  organ, 
which  may  be  used  in  locomotion,  but  is  hardly  ever  adapted  for 
crawling.    In  other  cases  it  is  cylindrical  in  shape,  and  in  the 


Fig.  552.— Diagrammatic  vertical  and 
transverse  section  of  Mya  arenaria.  b. 
Back,  or  "  dorsal  margin  "  of  the  shell  ; 
J  s,  The  two  valves  of  the  shell,  right 
and  left ;  nt  7;/,  The  two  halves,  or 
"lobes,"  of  the  mantle,  producing  the 
shell ;  g  g,  The  gills,  two  pairs  on  each 
side  ;  The  heart;  i.  Intestine; /,  The 
foot. 
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sedentary  Bivalves  it  is  more  or  less  completely  aborted.  In  many 
cases,  especially  in  the  young,  there  is  developed  on  the  under 
surface  of  the  foot,  in  the  middle  Hne,  a  pecuhar  "byssal  gland^ 
This  gland  secretes  a  viscid  material  which  is  moulded  mto  threads 
by  grooves  on  the  external  surface  of  the  foot,  and  which  gives  rise 
to  a  tuft  of  silky  fibres  (the  "  byssus  "),  serving  to  moor  the  animal 
to  foreign  objects,  and  often  having  a  special  notch  or  aperture  in 
the  shell  for  its  emission. 

The  shell  of  the  Bivalves  is  the  result  of  the  deposition  of  lime- 
salts  in  the  outer  layer  of  the  mantle,  chiefly  along  its  ventral  mar- 
gins ;  and  as  the  mantle  is  divided  into  a  right  and  left  "  lobe,"  so 
the  shell  also  is  divided  into  a  right  and  left  "  valve."  The  outer 
surface  of  the  shell  is  usually  covered  by  thinner  or  thicker  horny 
"  epidermis  "  or  cuticle,  but  this  may  become  obsolete  in  the  adult. 
The  calcareous  tissue  of  the  shell  itself  is  very  generally  disposed  in 
two  distinct  strata,  of  which  the  outer  is  prismatic,  and  the  inner  is 

^^^^^^^  ^^^^^^ 


F'g-  553- — A,  External  surface  of  Pinna,  showing  the  ends  of  the  prisms  of  the  outer  shell- 
layer,  greatly  enlarged ;  B,  Polished  surface  of  mother-of-pearl,  enlarged  eighty-five  times. 
(After  W.  B.  Carpenter.) 

laminated.  The  outer  prismatic  layer  is  secreted  by  the  free  edges 
of  the  mantle-lobes,  and  grows,  therefore,  at  the  circumference  of 
the  shell  only.  It  consists,  in  the  majority  of  cases,  of  polygonal 
calcareous  prisms,  placed  side  by  side  in  close  contact,  and  directed 
perpendicularly  to  the  surface  of  the  shell.  Hence  sections  of  this 
layer  taken  parallel  with  the  surface  exhibit  the  transversely-divided 
prisms  as  a  pavement  of  hexagonal  or  polygonal  cells  ;  and  the  same 
appearance  is  seen  on  examining  the  surface  of  this  layer  under  a 
sufficient  magnifying  power  (fig.  553,  a).  The  prisms  of  the  outer 
layer  of  the  shell  vary  considerably  in  diameter,  length,  regularity, 
and  precise  mode  of  arrangement  in  different  Bivalves.    The  inner 
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layer  of  the  shell  is  laminated,  and  is  secreted  by  the  whole  outer 
surface  of  the  mantle.  Hence,  this  stratum  is  produced  in  successive 
layers  throughout  the  entire  life  of  the  animal,  each  new  layer  ex- 
tendmg  a  little  beyond  the  one  last  formed ;  and  in  this  way  are 
produced  the  concentric  "lines  of  growth,"  which  are  so  character-- 
istic  of  the  shells  of  the  Bivalves.  The  calcareous  lamina  compos- 
ing the  inner  layer  of  the  shell  are  disposed  approximately  parallel 
to  the  surface.  In  many  cases  (fig.  553,  b)  the  lamina  are  very 
dehcate,  and  are  more  or  less  crumpled  or  undulated,  so  that  when 
the  mmute  undulations  of  the  successive  layers  of  this  stratum  are 
exposed  on  the  surface,  the  rays  of  light  are  broken  up  in  such  a 
way  as  to  give  rise  to  the  iridescence  and  play  of  colours  character- 
istic of  "mother-of-pearl"  or  "nacre."  In  other  cases,  however, 
the  laminae  of  this  internal  stratum  are  thicker,  and  are  not  minutely 
undulated,  and  this  layer  then  assumes  a  "  porcellanous  "  character. 

As  regards  the  chemical  composition  of  the  shell  in  the  Bivalves  con- 
siderable differences  obtain  as  to  the  precise  condition  in  which  the 
carbonate  of  lime  presents  itself.  In  some  cases  (as,  for  example,  in 
Ostrea\  both  the  outer  and  inner  layers  of  the  shell  are  composed  of 
calcite,  whereas  in  others  both  layers  are  formed  of  aragonite.  In  other 
cases,  again  (as  in  Piiind),  the  outer  prismatic  layer  is  composed  of  cal- 
cite, while  the  inner  laminated  layer  is  formed  of  aragonite.  Owing  to 
the  greater  destructibility  and  instability  of  aragonite  as  compared  with 
calcite,  these  differences  in  composition  lead  to  considerable  differences 
in  the  mode  of  preservation  of  different  types  of  the  Bivalves.  Thus, 
forms  in  which  the  shell  is  wholly  composed  of  aragonite  are  often  repre- 
sented in  the  fossil  state  solely  by  moulds  and  casts  ;  while  in  those  in 
which  the  two  layers  of  the  shell  differ  in  composition,  the  inner  ara- 
gonite-layer  of  the  shell  may  have  been  wholly  removed,  while  the  outer 
calcite-layer  may  be  well  preserved. 

Though  the  Bivalves  agree  with  the  Brachiopoda  in  possessing  a 
shell  which  is  composed  of  two  pieces  or  valves  (small  accessory 
plates  are  present  in  Fholas,  &c.),  there  are,  nevertheless,  many 
points  in  which  the  shell  of  a  Lamellibranch  is  distinguished  from 
that  of  a  Brachiopod,  irrespective  of  the  great  difference  in  the 
structure  of  the  animal  in  each.  The  shell  in  the  Brachiopoda,  as 
we  have  seen,  is  rarely  or  never  quite  equivalve,  and  always  has  its 
two  sides  equally  developed  (equilateral) ;  whilst  the  valves  are 
placed  antero-posteriorly  as  regards  the  animal,  one  in  front  and 
one  behind,  so  that  they  are  "dorsal"  and  "ventral."  In  the 
Lamellibrajichiata,  on  the  other  hand,  the  two  valves  are  usually 
of  nearly  equal  size  (equivalve),  and  are  more  developed  on  one 
side  than  on  the  other  (inequilateral) ;  whilst  their  position  as 
regards  the  animal  is  always  /ateral,  so  that  they  are  properly 
termed  "  right "  and  "  left  "  valves,  instead  of  "  ventral "  and 
"  dorsal." 
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It  is  to  be  remembered,  however,  that  many  of  the  Bivalves,  such 
as  the  Oysters,  habitually  lie  on  one  side,  in  which  case  the  valves, 
though  really  right  and  left,  are  called  "upper"  and  "lower.  It  is 
to  be  borne  in  mind,  also,  that  the  two  valves,  especially  in  the 
attached  Bivalves,  may  be  very  unsymmetrical,  one  valve  being 
much  larger  or  deeper  than  the  other.  Lastly,  there  are  some 
cases  (e  g.,  Pedunadus)  in  which  the  shell  becomes  very  nearly 
equilateral,  the  line  drawn  from  the  beaks  to  the  base  dividing  the 
shell  into  two  almost  equal  halves. 

The  following  are  the  chief  points  to  be  noticed  in  connection 
with  the  shell  of  any  Lamellibranch  (fig.  554) :  Each  valve  of  the 
shell  may  be  regarded  as  essentially  a  hollow  cone,  the  apex  of 
which  is  turned  more  or  less  to  one  side ;  so  that  more  of  the  shell 
is  situated  on  one  side  of  the  apex  than  on  the  other.  The  apex 
of  the  valve  is  called  the  "  umbo,"  or  "  beak,"  and  is  mostly  turned 
towards  the  mouth  of  the  animal.    Consequently,  the  side  of  the 


shell  towards  which  the  umbones  are  turned  is  the  "  anterior  "  side, 
and  it  is  usually  the  shortest  half  of  the  shell.  In  some  Bivalves, 
however,  the  beaks  are  "  reversed,"  and  are  turned  towards  the 
posterior  side  of  the  shell.  The  longer  half  of  the  shell,  from  which 
the  umbones  turn  away,  is  called  the  "posterior"  side,  but  in  some 
cases  this  is  equal  to,  or  even  shorter  than,  the  anterior  side.  The 
side  of  the  shell  where  the  beaks  are  situated,  and  where  the  valves 
are  united  to  one  another,  is  called  the  "  dorsal "  side ;  and  the 
opposite  margin,  along  which  the  shell  opens,  is  called  the  "  ventral " 
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side  or  "  base."  The  length  of  the  shell  is  measured  from  its  an- 
terior to  its  posterior  margin,  and  its  breadth  from  the  dorsal  margin 
to  the  base. 

At  the  dorsal  margin  the  valves  are  united  to  one  another,  for  a 
shorter  or  longer  distance,  along  a  line  which  is  called  the  "  hinge- 
line."  The  union  is  effected  in  most  shells  by  means  of  a  series  of 
parts  which  interlock  with  one  another  (the  "  teeth  "),  but  these  are 
sometimes  absent,  when  the  shell  is  said  to  be  "  edentulous."  Pos- 
terior to  the  umbones,  in  most  Bivalves,  is  another  structure  passing 
between  the  valves,  which  is  called  the  "  ligament,"  and  which  is 
usually  composed  of  two  parts,  either  distinct  or  combined  with  one 
another.  These  two  parts  are  known  as  the  "  external  ligament " 
(or  the  ligament  proper)  and  the  "  cartilage,"  and  they  constitute 
the  agency  whereby  the  shell  is  opened ;  but  one  or  other  of  them 
may  be  absent.  The  ligament  proper  is  outside  the  shell,  and 
consists  of  a  band  of  horny  fibres,  passing  from  one  valve  to  the 
other  just  behind  the  beaks,  in  such  a  manner  that  it  is  put  upon  the 
stretch  when  the  shell  is  closed.  The  cartilage,  or  internal  ligament, 
is  lodged  between  the  hinge-lines  of  the  two  valves,  generally  in  one 
or  more  "  pits,"  or  in  special  processes  of  the  shell.  It  consists  of 
elastic  fibres  placed  perpendicularly  between  the  surfaces  by  which 
it  is  contained,  so  that  they  are  necessarily  shortened  and  compressed 
when  the  valves  are  shut.  To  open  the  shell,  therefore,  it  is  simply 
necessary  for  the  animal  to  relax  the  muscles  which  are  provided 
for  the  closure  of  the  valves,  whereupon  the  elastic  force  of  the 
ligament  and  cartilage  is  sufficient  of  itself  to  open  the  shell. 

Generally  the  hinge-line  is  curved,  but  it  is  sometimes  straight. 
The  beaks  are  mostly  more  or  less  closely  contiguous  ;  but  they  may 
be  removed  from  one  another  to  a  greater  or  less  distance,  and  in 
some  anomalous  forms  they  are  not  near  one  another  at  all.  In 
the  genus  Area  the  two  beaks  are  separated  from  one  another  by 
an  oval  or  lozenge-shaped  flat  space  or  area.  When  teeth  are 
present,  they  differ  much  in  their  form  and  arrangement.  In  many 
forms  (fig.  554)  the  teeth  are  divisible  into  three  sets — one  group, 
of  one  or  more  teeth,  placed  immediately  beneath  the  umbo,  and 
known  as  the  "  cardinal  teeth  " ;  and  two  groups  on  either  side  of 
the  preceding,  termed  the  "lateral  teeth."  Sometimes  there  may 
be  lateral  teeth  only ;  sometimes  the  cardinal  teeth  alone  are 
present ;  and  in  some  cases  {Arcida)  there  is  a  row  of  similar  and 
equal  teeth. 

While  the  opening  of  the  valves  of  the  shell  of  a  Lamellibranch 
is  effected  by  the  elastic  force  of  the  ligament,  the  closure  of  the 
valves  is  effected  by  the  contraction  of  one  or  two  powerful  muscles, 
which  are  known  as  the  "  adductor  muscles."  In  the  majority  of 
Bivalves — hence  termed  Dimyaria — there  are  two  adductor  muscles, 
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which  pass  from  the  inner  surface  of  one  valve  to  that  of  the  other, 
one  being  placed  anteriorly  in  front  of  the  mouth,  while  the  other 
is  situated  posteriorly  close  to  the  termination  of  the  intestine  (hg. 
555,  a  and  a').  Moreover,  among 
the  Dimyary  Bivalves  the  adductors 
present  two  markedly  different  con- 
ditions. In  one  group  of  forms  — 
hence  termed  Honiomyaria — the  an- 
terior and  posterior  adductors  are 
approximately  equal  in  size.  In  a 
second  series — hence  termed  Hetero- 
myaria  —  the  anterior  adductor  is 
very  small,  and  the  posterior  adduc- 
tor is  very  large.  Examples  of  this 
latter  condition  are  found  in  the 
Mussels,  Pearl-mussels,  &c.  On  the 
other  hand,  in  Ostrea,  Fecten,  and 
certain  other  Bivalves — hence  called 
Mo7ioinyaria  —  the  anterior  adductor 
is  absent,  and  the  posterior  adductor 
alone  remains.  The  adductors  leave 
distinct  "  muscular  impressions "  in 
the  interior  of  the  shell  (fig.  556), 
so  that  it  is  easy  to  determine,  by  a 
simple  inspection  of  the  dead  shell, 
whether  a  given  Bivalve  has  been 
"dimyary"  or  "monomyary." 

Besides  the  scars  left  by  the  ad- 
ductor muscles,  or  muscle,  there  are 
other  impressions  in  the  interior  of 
the  valves  which  are  produced  by 
the  attachment  of  muscles.  Thus, 
the  "  foot "  is  very  commonly  pro- 
vided with  "  pedal  muscles,"  which 
leave  small  scars  in  the  inside  of  the 
shell.  When  they  are  well  devel- 
oped, the  "  pedal  impressions "  are 
twofold,  consisting  of  an  impression 
formed  by  the  "protractor"  muscle 
which  exserts  the  foot,  and  of  another, 
posteriorly-placed  scar  formed  by  the 
"retractor"  muscle  which  withdraws 
the  foot  (fig.  556,  A,  pp  and  rp),  a  second  retractor  being  some- 
times inserted  behind  the  anterior  adductor. 

Again,  the  muscular  margin  of  the  mantle  is  attached  to  the 
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Fig.  555.— Anatomy  of  Alya  arcnciria. 
(After  Woodward.)  The  left  valve  of 
the  shell  and  the  left  mantle-lobe  are 
removed,  and  half  of  the  siphons  has 
been  cut  away,  a,  Anterior  adductor  ; 
d ,  Posterior  adductor ;  b.  Visceral  mass ; 
c,  Chamber  of  the  mantle-cavity  into 
which  the  anus  (v)  opens  ;  f.  Foot ;  g, 
Branchiae ;  h,  Heart ;  «/,  Cut  ventral 
edge  of  the  mantle  ;  o,  Mouth  ;  s,  In- 
halant siphon  ;  E.\halant  siphon  ;  t. 
Labial  palpi.  The  arrows  indicate  the 
direction  of  the  water-currents. 


690 


MOLLUSCA. 


interior  of  each  valve  along  a  line  running  at  a  little  distance  within 
and  parallel  with,  the  ventral  margin  of  the  shell.  In  this  way  is 
formed  a  more  or  less  well-marked  impression  in  the  interior  of  each 
valve,  which  is  termed  the  "  pallial  line"  (fig.  556,  m).  The  form 
assumed  by  the  "  pallial  line "  differs  in  different  Bivalves  accord- 
ing as  respiratory  "  siphons  "  are  present  or  absent.  In  all  those 
Bivalves,  namely,  in  which  the  mantle-lobes  are  free,  and  in  which 


rp' 


in 


Fig.  556- — A,  Interior  of  the  left  valve  of  Anodonta  cygnca ;  b,  Interior  of  the  right  valve  ot 
Artetnis  exokta  (after  Woodward);  c,  Interior  of  the  left  valve  of /"ecto:  z/ar/aj (after  Wood- 
ward), a,  Impression  of  the  anterior  adductor;  pa,  Impression  of  the  posterior  adductor;  «/, 
Pallial  line  ;  s,  -Sinus  in  the  pallial  line  caused  by  the  insertion  of  the  retractor  muscles  of  the 
siphons ;  pp.  Scar  of  the  protractor  muscle  of  the  foot ;  rp.  Scar  of  the  anterior  retractor  muscle 
of  the  foot ;  rp' ,  Scar  of  the  posterior  retractor  muscle  of  the  foot.  In  Pecten  varius  (c),  though 
the  shell  is  monomyary,  the  scar  left  by  the  posterior  adductor  (/a)  is  double,  and  there  is  a  large 
scar  {pe)  formed  by  the  muscular  base  of  the  foot. 

there  are  consequently  no  siphons,  the  "pallial  line"  runs  in  an  un- 
broken curve  round  the  lower  part  of  the  valve  (fig.  556,  a,  in). 
The  pallial  line  is  similarly  unbroken  in  those  Bivalves  which  possess 
short  siphons,  but  which  do  not  possess  a  specially  developed  "  re- 
tractor muscle  "  for  the  withdrawal  of  the  siphons  within  the  shell. 
The  name  of  Integropallialia  is  given  to  all  such  Bivalves  as  the 
above,  in  which  the  pallial  line  is  "  entire,"  or  unindented,  and  there 
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are  either  no  siphons  or  but  short  ones.  On  the  other  hand,  in 
those  Bivalves  which  have  long  respiratory  siphons  there  exists  on 
each  side  a  specially  developed  "  retractor  muscle,"  the  (unction  of 
which  is  to  withdraw  the  siphons  within  the  shell.  The  insertion  of 
this  siphonal  retractor  causes  an  indentation  in  the  pallial  line  pos- 
teriorly (fig.  556,  B,  s),  the  depth  of  this  depending  upon  the  size 
of  the  siphonal  muscles.  In  all  those  Bivalves,  therefore,  which 
possess  retractile  siphons,  the  pallial  line  is  deflected  posteriorly  into 
a  larger  or  smaller  "pallial  sinus"  or  "siphonal  impression;"  and 
those  Bivalves  in  which  this  sinus  exists  are  grouped  together  under 
the  name  of  Simipallialia. 

There  is  no  distinctly  differentiated  head  in  any  of  the  Lamelli- 
branchs  (hence  the  name  of  "  Acephalous  Molluscs "  commonly 
given  to  the  class),  and  the  mouth  is  simply  placed  at  the  anterior 
end  of  the  body.  It  is  furnished  with  ciliated,  leaf-like,  membranous 
processes,  or  "labial  palpi"  (fig.  555,  t\  which  are  two  or  four  in 
number,  and  serve  to  conduct  the  in-going  water-currents  to  the 
mouth.  The  mouth  is  not  furnished  with  any  arrangement  of  teeth, 
and  the  animal  lives  upon  the  microscopic  particles  of  nutrient 
matter  brought  to  the  mouth  by  the  in-going  currents  of  water, 
which  are  kept  in  movement  by  the  action  of  the  cilia  covering  the 
gills.  These  organs  (fig.  555,  ^)  are  leaf-like,  and  are  attached  by 
their  bases  to  the  sides  of  the  body,  their  free  ends  depending  into 
the  mantle-cavity.  Most  Bivalves  have  two  of  these  lamellar 
branchise  on  each  side  of  the  body,  but  the  external  pair  may  be 
wanting. 

As  has  been  already  mentioned,  the  arrangements  for  the  admis- 
sion of  water  to  the  gills,  and  its  expulsion  again  from  the  mantle- 
cavity,  are  essentially  the  same  in  all  Bivalves.  In  almost  all  cases 
the  in-going  current  of  water  enters  the  pallial  chamber  posteriorly 
and  ventrally,  while  the  out-going  current  escapes  posteriorly  and  dor- 
sally.  In  those  Bivalves  which  have  free  mantle-lobes  ("  Asiphonate 
Bivalves  "),  the  apertures  for  the  water-currents  are  simply  produced 
by  the  apposition  of  the  hinder  edges  of  the  mantle-lobes  to  each 
other.  On  the  other  hand,  in  those  Bivalves  which  have  the  mantle- 
lobes  united  ("Siphonate  Bivalves,"  fig.  555),  the  margins  of  the 
"  inhalant "  and  "  exhalant "  apertures  are  drawn  out  or  extended 
into  longer  or  shorter  muscular  tubes  or  "  siphons."  The  siphons 
may  be  separate,  or  they  may  be  united  to  one  another  along  one 
side,  and  they  can  usually  be  partially  or  entirely  retracted  within 
the  shell  by  means  of  special  muscles,  called  the  "  retractor  muscles 
of  the  siphons."  These  siphons  are  more  specially  characteristic  of 
those  Lamellibranchs  which  spend  their  existence  buried  in  the  sand, 
protruding  their  respiratory  tubes  in  order  to  obtain  water,  and  with 
it  such  nutrient  particles  as  the  water  may  contain.    As  has  been 
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previously  seen,  the  presence  or  absence  of  retractile  siphons  can  be 
readily  determined  merely  by  inspection  of  the  dead  shell. 

The  Lamellibrmichiata  are  wholly  aquatic,  living  in  either  salt  or 
fresh  water,  and  their  habits  are  very  various.  Some,  such  as  the 
Oyster  {Ostrea),  and  the  Scallop  {Pecten\  habitually  lie  on  one  side, 
the  lower  valve  being  the  deepest,  and  the  foot  being  wanting,  or 
rudimentary.  The  former  is  fixed  by  the  substance  of  the  valve,  but 
the  latter  swims  by  rapidly  opening  and  closing  the  shell.  Others, 
such  as  the  Mussel  {Mytilus)  and  the  Pinna,  are  attached  to  some 
foreign  object  by  a  "  byssus."  Others  are  fixed  to  some  solid  body 
by  the  substance  of  one  of  the  valves.  Many,  such  as  the  Myas, 
spend  their  existence  sunk  in  the  sand  of  the  sea-shore  or  in  the  mud 
of  estuaries.  Others,  as  the  Pholades  and  Lithodo7)ii,  bore  holes  in 
rock  or  wood,  in  which  they  live.  Finally,  many  are  permanendy 
free  and  locomotive. 

The  Lamellibranchiata  have  often  been  divided  into  two  primary 
sections,  according  as  "  siphons  "  are  or  are  not  developed.  In  one 
of  these  sections — Asipho7iida — the  mande-lobes  are  free,  and  there 
are  no  respiratory  siphons,  so  that  the  pallial  line  is  simple  and  is 
not  indented.  In  the  other  great  section — Siphotiida — the  mande- 
lobes  are  more  or  less  united,  and  respiratory  siphons  are  present. 
In  certain  groups  of  the  Siphonate  Bivalves  the  siphons  are  short, 
without  specially  developed  retractor-muscles,  and  the  pallial  line  is 
therefore  simple,  the  name  of  Litegropallialia  being  given  to  such 
forms.  On  the  other  hand,  in  many  types  of  the  Siphonate  Bivalves 
— hence  termed  Sinupallialia — there  are  long  siphons,  the  greatly 
developed  retractor-muscles  of  which  are  attached  to  an  indenta- 
tion or  bay  in  the  pallial  line.  This  classification  is  doubtfully 
natural,  and  is  largely  inapplicable  to  fossil  forms ;  for  which  reasons 
the  arrangement  adopted  by  Dr  Paul  Fischer  in  his  '  Manuel  de 
Conchyliologie '  has,  in  the  main,  been  here  followed  in  preference. 
Owing,  however,  to  the  great  importance  in  the  study  of  the  fossil 
Bivalves  of  the  various  internal  markings  of  the  shell,  it  may  be  of 
use  here  to  indicate  generally  the  principal  groups  of  Lamellibranchs 
which  agree  with  one  another  in  the  general  nature  of  the  impres- 
sions left  by  the  pallial  line  and  adductors  ;  a  guide  being  thus  given 
to  the  families  amongst  which  the  affinities  of  a  given  fossil  shell 
must  be  sought.  From  this  point  of  view,  the  Bivalves  fall  into  the 
four  following  sections,  the  families  of  which,  though  often  allied, 
have  no  necessary  zoological  relationship  with  one  another  : — 

(i.)  The  following  families  of  Lamellibranchiata  are  "  monomyary,'' 
and  have  an  "entire"  pallial  line,  no  siphons  being  developed— viz.,  the 
Ostreidce,  Attoiniidce,  Spondylidce,  Liinida:,  and  Pectinidcr.  This  group 
of  families  corresponds  with  the  Monomyaria  of  some  writers. 

(2.)  The  following  families  are  "  heteromyary,"  and  have  no  siphons,  the 
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pallial  line  being  "  entire"— viz.,  the  Aviculida  and  MylilidcB  (=  the 
Heteroiiiyaria  of  Bronn).  „      ,  ,  «     ^-  » 

(3.)  The  following  families  are  «  homomyary,"  and  have  an  entire 
pallial  line,  the  animal  being  in  some  cases  devoid  of  siphons,  while  in 
other  cases  short,  non-retractile  siphons  are  present— viz ,  the  Arad^, 
Nuculida:,  Modiolopsidce,  Trigoniida,  Unionida:,  Cardinidce,  CardthdCE, 
GrammysudcE,  AstartidcR,  CrassatellidcB,  ErycinidcB,  Galeomvuda,  In- 
dacnidce,  Cardiidcc,  LwiulicardiidcE,  Chaniidce,  RudistcE,  M egalodonhda , 
Cyprinidce,  Un^itlmidce,  UnicardiidcE,  and  TancrediidcE. 

(4.)  The  following  families  are  "  homomyary,"  and  are  provided  with 
retractile  siphons,  the  palhal  line  thus  becoming  "  sinuated''— viz.,  the 
VeneridcE,  Donacidce,  Psammobiidce,  Solenidce,  Mactridce,  Myidce,  Glya- 
vierida,  GasirocliCEnida,  Pholadidce,  TeredinidcE,  LncinidcE,  TellinidcE, 
Scrobiculariida,  SolemyidcE,  Arcomyidce,  Anatmidce,  Pracardiida  (?), 
Pholadomyida,  and  Clavagellidce. 

As  regards  their  general  distribution  in  time,  the  Lamellibranchs 
are  a  very  ancient  group,  the  earliest  representatives  of  the  class 
{Glyptarca,  &c.)  being  found  in  the  Upper  Cambrian  rocks.  Upon 
the  whole,  the  Asiphonate  Bivalves  are  more  characteristically  Pale- 
ozoic, while  those  in  which  the  mantle-lobes  are  united  and  there  are 
respiratory  siphons,  are  principally  found  in  the  Secondary  and  Ter- 
tiar)'  rocks.  One  of  the  principal  Palaeozoic  groups  is  that  of  the 
AviculidcB,  while  the  Mytilidce  are  also  largely  represented.  Mono- 
myary  types  appear  in  the  later  portion  of  the  Palseozoic  period, 
numerous  forms  {Avicidopeden,  &c.)  allied  to  the  recent  Scallops 
occurring  in  the  Carboniferous  rocks.  With  the  commencement  of 
the  Secondary  period,  in  the  Trias,  many  old  types  disappear,  and 
new  ones  take  their  places.  Monomyary  Bivalves  are  now  numer- 
ous, but  among  the  Dimyary  forms  the  Asiphonate  families  still  pre- 
dominate. The  forms  with  long  retractile  siphons  i^Sinupallialid) 
begin  with  a  few  types  in  the  Trias,  and  gradually  become  more 
numerous  as  we  pass  upwards.  The  Veneridce,  which  are  perhaps 
the  most  highly  organised  of  the  groups  of  the  Lamellibranchs,  ap- 
pear for  the  first  time  in  the  Jurassic  rocks,  and  increasing  in  the 
Tertiaries,  have  culminated  in  the  Recent  period.  The  singular 
group  of  the  Rudistce  is  exclusively  confined  to  the  Cretaceous 
period. 
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CHAPTER  XXXVI. 

LA MELLIBRA  NCHIA  T A— continued. 

DIVISIONS  OF  LAMELLIBRANCHIATA. 

Various  attempts  have  been  made  to  divide  the  Zamellibranchiata 
into  sections  equivalent  to  the  "  orders  "  of  the  higher  animals,  but, 
so  far,  little  success  has  attended  these  efforts,  and  no  arrangement 
which  has  hitherto  been  proposed  can  be  regarded  as  thoroughly 
satisfactory,  more  especially  from  a  palgeontological  point  of  view. 
In  what  follows,  the  Lainellibranchiata  are  divided  into  a  number  of 
sections,  whicl\  it  is  convenient  to  speak  of  as  so  many  "  orders," 
though  it  cannot  be  asserted  that  they  have  a  value  equivalent  to 
the  divisions  known  by  this  title  among  Vertebrate  animals.  As 
regards  these  primary  sections,  Dr  Paul  Fischer  has  been  followed, 
and  under  each  section  will  be  given  the  characters  and  geological 
range  of  the  more  important  families  included  in  it. 

Order  I.  Ostreacea. 

In  this  order  the  mantle-lobes  are  completely  free ;  a  single  ad- 
ductor muscle  (the  posterior)  is  alone  present,  the  animal  being  thus 
"  monomyary  "  ;  there  are  two  branchiae  on  each  side  of  the  body ; 
and  the  foot  is  wanting,  or  is  present  in  a  rudimentary  form  and 
secretes  a  "  byssus."  The  shell  is  inequivalve ;  the  hinge  is  eden- 
tulous ;  the  ligament  is  internal ;  and  the  pallial  line  is  "  entire," 
and  sometimes  not  distinct.  This  order  includes  the  two  families  of 
the  OstreidcB  and  Aiiomiida. 

Family  i.  Ostreid^. — In  this  family  the  shell  is  generally  in- 
equivalve and  fixed  to  foreign  bodies  by  the  substance  of  the  left 
valve,  but  is  in  other  cases  free ;  the  beaks  are  subcentral,  or,  in 
many  cases,  twisted ;  the  ligament  is  internal,  and  is  lodged  in  a 
triangular  cartilage-pit ;  the  single  muscular  impression  is  subcentral, 
or  excentric  and  posterior ;  the  pallial  line  is  not  distinct ;  and  the 
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shell-Structure  is  laminated.  This  family  is  exclusively  confined  to 
salt  water,  and  comprises  the  Oysters.  Numerous  Secondary  and 
Tertiary  representatives  of  the  family  are  known,  but  the  few  Palae- 
ozoic types  which  have  been  referred  here  are  probably  really  of  a 
different  nature. 

The  principal  genus  included  in  the  Osireidce,  as  here  understood, 
is  Ostrea  itself,  the  essential  characters  of  which  are  those  of  the 


family  itself  The  shell  described  by  De  Koninck  from  the  Car- 
boniferous Limestone  under  the  name  of  Ostrea  nobilisstma  has 
generally  been  quoted  as  the  oldest  known  type  of  the  genus  Ostrea, 
but  it  is  referred  by  Fischer  to  the  genus  Pachypteria  {?  Spondylida). 
In  the  Secondary  and  Tertiary  rocks,  however,  we  meet  with  a  vast 


I'"'g'  SS^-— Ostrea  {Aiectryonia)  Marsha.  Fig.  '.'sa.—Gryphaa  incurva.  Lias. 

Oxford  Clay  (Middle  Oolites). 


number  of  fossil  Oysters,  which  have  commonly  been  distributed 
among  several  more  or  less  well-marked  sections  of  the  genus,  of 
which  the  following  are  the  most  important.  In  the  typical  forms 
of  the  genus  {Ostrea  proper)  the  valves  are  pretty  nearly  of  the  same 
length,  the  lip  of  the  right  valve  is  not  serrated,  and  the  external 
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surface  is  marked  with  concentrically-disposed  foliaceous  ridges  or 
with  roughly  radial  ribs.  The  umbo  is  not  incurved,  and  below  it 
IS  a  transversely  striated  ligamental  pit.  The  Edible  Oyster  {O. 
edulis)  is  a  familiar  example  of  this  section  of  the  genus,  and  essen- 
tially similar  forms  are  known  to  have  existed  in  the  Jurassic  rocks. 
In  the  sub-genus  Alectryonia  (fig.  558)  both  the  valves  are  strongly 
ribbed  or  folded,  the  edges  of  the  valves  being  thus  indented  in  a 


Fig.  560. — Exogyra  (ujuila.    Lower  Greensand. 


zigzag  manner ;  while  the  adductor  impression  is  placed  far  back. 
Forms  of  this  type  began  to  exist  as  early  as  the  Trias,  and  the 
recent  O.  crista-galli  is  a  familiar  example  of  a  now  living  form  of 
the  group. 

In  the  sub-genus  Gryphcea  (fig.  559),  the  two  valves  are  of  un- 
equal length,  the  left  valve  fixed  in  early  life,  but  often  becoming 
free  in  the  adult  condition,  while  its  beak  is  prolonged  and  incurved, 
being  bent  either  forwards  or  backwards.  The  right  valve,  on  the 
other  hand,  is  small  in  size,  and  is  flat  or  concave  in  shape,  looking 
like  a  kind  of  operculum  to  the  left  valve.    The  species  of  Gryphaa 


Fig.  ^di.— Exogyra  virgtila.    Upper  Oolites. 


are  pre-eminently  Jurassic  and  Cretaceous,  but  a  few  Tertiary  and 
Recent  forms  of  the  group  are  known. 

In  the  sub-genus  Exogyra,  again,  the  shell  is  very  inequivalve 
(figs.  557,  560,  and  561),  and  is  fixed  by  the  substance  of  the  thick 
and  concave  left  valve,  the  right  valve  being  flat  and  resembling  an 
"  operculum  "  in  form.  The  beaks  of  both  valves  are  rolled  up, 
being  "  reversed  " — that  is  to  say,  turned  towards  the  posterior  side 
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of  the  shell— and  the  ligamental  area  is  oblique  and  narrow.  The 
species  of  Exogyra  are  abundant  in  the  Jurassic  and  Cretaceous 

deposits.  ,  ,    ,^    .  , 

The  name  of  Pernostrea  has  been  proposed  by  Munier-Chalmas 
for  certain  Jurassic  Oysters  which  differ  from  Ostrea  proper  chiefly 
in  having  the  ligament  contained  in  from  four  to  eight  transverse 
grooves  or  pits  (as  in  Pernd). 

Family  2.  Anomiid^.— In  this  family  the  shell  is  inequivalve, 
and  is  fixed  to  foreign  objects,  either  in  early  life  or  permanently, 
by  a  byssus,  which  traverses  a  notch  or  foramen  in  the  right  valve, 
and  is  ordinarily  calcified  at  its  termination.  The  muscles  of  the 
byssus  leave  one  or  more  impressions  on  the  interior  of  the  left 
valve.  There  is  an  internal  ligament;  the  hinge  is  edentulous; 
the  pallial  line  is  simple ;  and  the  shell  exhibits  a  laminated  struc- 
ture. The  range  of  the  family  is  from  the  Devonian  to  the  present 
day,  and  the  chief  genera  are  Anomia  and  Placuna. 

In  the  genus  Anomia  (fig.  562)  the  shell  is  suborbicular  and 
ostreiform,  the  left  or  upper  valve  laeing  convex,  while  the  right  or 
under  valve  is  flat  or  concave.    In  the  margin  of  the  right  valve,  near 


A  B 

Fig.  562. — Anomia.  Casanovei,  from  the  Eocene  Tertiai-y,  enlarged.  A,  Interior  of  the  left 
valve ",  D,  Interior  of  the  right  valve  :  «,  Foramen  for  the  passage  of  the  byssus  ;  in.  Impressions 
left  by  the  muscles  of  the  byssus  ;  in',  Adductor  impression.    (After  Hoernes.) 

the  hinge,  is  a  deep  notch  or  sinus,  which  in  process  of  growth  may 
be  converted  into  a  complete  foramen,  and  which  serves  to  transmit 
the  byssus,  by  means  of  which  the  shell  is  attached  to  foreign  bodies. 
The  end  of  the  byssus  is  calcified,  and  it  forms  a  solid  plug  which 
fills  up  the  notch  or  foramen  in  the  valve.  The  interior  of  the  right 
valve  shows  only  the  impression  of  the  single  adductor,  but  the  in- 
terior of  the  left  valve  exhibits  in  addition  one  to  three  scars  produced 
by  the  muscles  of  the  byssus.  All  the  living  forms  of  Atwmia  are 
marine,  and  the  genus  is  represented  in  past  time  by  numerous 
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Tertiary  species,  and,  more  rarely,  by  Cretaceous  and  Jurassic 
types.  The  Li)na?iomia  of  the  Devonian  rocks  is,  however,  very 
closely  related  to  Anoviia  proper,  from  which  it  diiifers  in  the 
pointed  shape  and  radial  striation  of  the  valves,  and  in  the  fact 
that  the  byssal  foramen  is  trigonal  in  form. 

The  extinct  genus  Placunopsis,  ranging  from  the  Carboniferous  Lime- 
stone to  the  Jurassic,  resembles  Anomia  in  many  respects,  but  the  right 
valve  is  not  perforated  ;  the  ligament  is  lodged  in  a  transverse,  sub- 
marginal  groove  ;  and  the  adductor  impression  is  large  and  subcentral. 
The  genus  Placima  comprises  flattened  and  cake-like,  orbicular  shells, 
which  are  unattached  to  foreign  bodies.  The  elastic  ligament  is  sup- 
ported by  two  diverging  ridges  in  the  right  valve,  with  corresponding 
grooves  in  the  left  valve.  The  typical  forms  of  the  genus  are  recent,  but 
types  of  no  more  than  sub-generic  value  occur  in  the  Tertiary  rocks. 
The  Jurassic  genus  Hypotreina  is  intermediate  between  Anomia  and 
Placuna,  since  it  possesses  a  byssal  foramen  which  is  completely  closed 
in  the  adult. 


Order  II.  Pectinacea. 

In  this  order,  the  mantle-lobes  are  completely  free;  there  is  a 
single  adductor  only;  there  are  no  siphons;  there  are  two  branchiae  on 
each  side  of  the  body ;  and  the  foot  is  rudimentary  and  often  bys- 
siferous.  The  shell-structure  is  tubulated  or  lamellated,  but  without 
a  proper  prismatic  layer.  The  shell  is  inequivalve  or  sub-equivalve  ; 
the  ligament  is  lodged  in  a  pit  between  the  beaks ;  the  hinge  is 
generally  toothed  ;  and  the  pallial  line  is  entire.  This  order  con- 
tains the  three  principal  families  of  the  Spondyltdce,  Li?>ndce,  and 
Pectmidce,  all  the  recent  forms  of  which  are  marine. 

Family  i.  Spondylid^. — In  this  family  the  shell  is  inequivalve. 


f  'g-  563. — Spondylus  spinosus.  Chalk. 


and  is  attached  to  foreign  bodies  by  the  beak  of  the  right  valve, 
which  is  larger  than  the  left.  The  hinge  of  each  valve  has  two 
teeth,  between  which  is  the  cartilage-pit.    The  adductor  impression 
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is  subcentral.  The  two  principal  genera  of  this  family  are  Spon- 
dylus  and  Plicaiula. 

The  genus  Spondylus,  comprising  the  "  Thorny  Oysters,"  has  an 
equivalve  shell,  the  right  valve  being  the  deepest,  and  serving  for 
the  attachment  of  the  shell  to  foreign  bodies  (fig.  563).  The  beaks 
are  separated  and  are  eared,  and  the  shell  is  covered  with  spines, 
foliaceous  expansions,  or  ribs  radiating  from  the  beak.  The  lower 
valve  has  a  triangular  hinge-area,  and  there  are  two  teeth  in  each 
valve.  The  Spondyli  seem  to  have  commenced  in  the  Jurassic 
period  (?  Trias),  are  abundant  in  the  Cretaceous,  and  have  con- 
tinued through  the  Tertiary  period  to  the  present  day. 


Fig.  564. — Plicaiula  flacunea.    Lower  Greensand. 


The  genus  Plicaiula  (fig.  564)  approaches  Spondylus  nearly  in 
having  an  inequivalve  shell,  which  is  attached  by  the  right  valve, 
and  by  having  two  hinge-teeth  in  each  valve.  The  shell,  however, 
is  rarely  eared,  the  hinge-area  is  obscure,  and  the  valves  are  not 
spiny,  though  they  may  be  plaited.  The  Plicatulce  extend  from  the 
Trias  to  the  present  day,  and  they  abound  to  such  an  extent  in 
parts  of  the  Lower  Greensand  (Cretaceous),  as  to  have  given  rise  to 
the  name  of  "  Argile  a  PHcatules  "  applied  to  the  beds  in  question. 
Lastly,  the  genus  Terqiiemia,  of  the  Triassic  and  Liassic  rocks,  re- 
sembles Spondylus  in  many  respects,  but  is  at  once  distinguished  by 
the  fact  that  the  hinge  is  edentulous.  In  this  respect  the  genus 
resembles  the  Oysters,  from  which  it  is'  separated  by  the  fact  that 
the  shell  is  attached  by  the  right  valve,  and  not  by  the  left.  Fischer 
also  includes  in  this  family,  with  doubt,  the  Carboniferous  genus 
Pachypteria. 

Family  2.  Limid^e. — The  shell  in  this  family  is  auriculate,  and 
equivalve  or  nearly  so,  and  it  may  be  free  or  may  be  attached  by 
a  byssus,  which  passes  out  by  a  sinuosity  in  the  right  valve  or  by  a 
notch  below  the  anterior  ears.  The  beaks  are  pointed  and  straight, 
and  a  portion  of  the  hinge-area  and  ligament  is  left  externally  visible  ; 
while  hinge-teeth  may  be  wanting  or  present.  The  earliest  types  of 
the  family  appear  in  the  Carboniferous  rocks  ;  there  are  numerous 
Secondary  and  Tertiary  forms ;  and  the  present  seas  contain  a 
limited  number  of  existing  species. 
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In  the  genus  Lima  or  Radula  the  shell  is  equivalve  and  free,  and 
the  beaks  are  separated  from  one  another  and  eared  (fig.  565).  'The 

surface  is  generally  adorned  with 
radiating  ribs  or  striae,  and  there  is  a 
median  cartilage-pit,  and  a  triangular 
hinge-area.  The  genus  (including 
Flagiostoma)  appears  to  occur  in  the 
Carboniferous,  is  abundantly  repre- 
sented in  the  Triassic,  Jurassic, 
Cretaceous,  and  Tertiary  rocks,  and 
exists  in  diminished  numbers  at  the 
present  day.  Lwiea,  ranging  from 
the  Trias  to  the  Recent  period, 
differs  from  Lwia  principally  in  hav- 
ing the  hinge-line  closely  toothed. 

Family  3.  Pectinid^. — In  this 
family  the  foot  is  tongue-shaped  and 
byssiferous ;  the  margins  of  the 
:anica.  mantlc-lobcs  carry  ocelli ;  and  the 
adductor  impression  is  a  little  ex- 
centric.  The  shell  is  sub-equivalve  or  equivalve,  nearly  equilateral, 
auriculate,  free  or  occasionally  attached  by  the  right  valve.  Gener- 
ally there  is  a  notch  under  the  ear  of  the  right  valve  for  the  passage 


Fig.  563. — Lima  {^Plagiostoiiia) ^ 
Lias. 


Fig.  ^(sb.—Pectcn  Islandiciis,  left  valve.    Post-Tertiary  and  Recent.  ^ 

of  the  byssus ;  and  the  cartilage-pit  is  internal,  of  triangular  shape, 
and  placed  between  the  beaks,  being  rarely  broken  up  into  detached 
pits.    All  the  members  of  this  family  are  marine,  its  earliest  forms 
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appearing  in  the  Devonian  rocks,  while  numerous  living  types 

exist.  .      u-  u  u 

The  genus  Hinnites  comprises  a  number  of  forms  m  which  the 
shell  is  free  when  young,  but  becomes  in  adult  life  attached  by  the 
right  valve,  the  shell  becoming  at  the  same  time  thick  and  irregular. 
The  left  valve  is  free,  and  the  hinge-line  is  edentulous.  Numerous 
fossil  forms  of  Hinnites  are  known,  the  earliest  appearing  in  the 
Trias,  and  the  genus  still  survives. 

In  the  genus  Fecten,  comprising  the  Scallops,  the  shell  (fig.  566) 
rests  upon  the  right  valve,  and  the  beaks  are  furnished  with  ears. 
The  anterior  ears  are  the  largest  and  most  prominent,  and  the  shell 
is  generally  furnished  with  ribs  radiating  from  the  umbos.  There 
is  a  single,  median,  triangular  cartilage-pit.  The  right  valve  is  the 
deepest,  and  is  notched  for  the  byssus  below  the  anterior  ear. 
Using  the  name  Fecten  in  its  modern  and  restricted  signification,  it 
is  probable  that  all  the  Paleeozoic  shells  so  named  are  really  refer- 
able to  allied  genera  {Avicidopeden  and  Fernopeden  more  especially). 
The  genus,  however,  is  largely  represented  both  in  the  Secondary 
and  Tertiary  deposits,  and  exists  under  numerous  and  varied  forms 
at  the  present  day. 

The  name  of  Entolium  has  been  given  to  forms  of  Fecten  in  which  the 
shell  is  smooth,  the  hinge-line  is  rendered  angular  by  the  outward  exten- 
sion of  the  ears,  and  there  is  no  byssal  notch  under  the  anterior  ear  of 
the  right  valve.  Numerous  forms 
of  this  type  occur  from  the  Ju- 
rassic onwards  ;  but  the  Palse- 
ozoic  shells  which  have  been 
placed  here  are  probably  refer- 
able to  allied  genera,  such  as 
Pernopecten.  In  the  genus  Per- 
nopeclen,  of  the  Devonian  and 
Carboniferous  rocks,  are  com- 
prised ancient  types  of  Scallops, 
with  small,  nearly  equal,  ears, 
the  central  triangular  cartilage- 
pit  being  flanked  by  a  row  of 
smaller  pits  on  each  side  (thus 
approaching  Penta),  and  the 
surface  being  nearly  or  quite 
devoid  of  radiating  ridges.  The 
genus  Crenipecten,  with  a  simi- 
lar geological  range  to  Perno- 
pecten, has  the  hinge  furnished 

with  a  row  of  small  cartilage-pits  along  its  entire  length,  no  central  pit 
being  present. 

Of  the  Palaeozoic  types  of  the  Fectinida,  the  most  important  is 
the  large  and  widely  distributed  genus  Aviculopecten,  which,  as  its 
name  implies,  affords  a  transitional  link  between  the  present  family 


Fig.  567. — Internal  cast  of  Aviculopecten. 
boniferous.    (After  M'Coy.) 


Car- 


702 


LAMELLIBRANCIIIATA. 


and  that  of  the  Aviculidce.  The  shell  in  this  genus  (fig  C67) 
has  the  general  form  and  aspect  of  that  of  Pecte7i  itself-  but 
the  anterior  ear  is  flattened,  and  smaller  than  the  posterior  one 
There  is  a  byssal  notch  beneath  the  anterior  ear;  but  there  is 
no  median  cartilage-pit,  and  the  ligament  is  confined  to  a  narrow 
facet  along  the  hmge-margin.  The  muscular  impression  and  pallial 
line  are  as  in  Fecten.  The  hinge-line  is  usually  shorter  than  the 
transverse  diameter  of  the  shell,  and  the  surface  is  generally  adorned 
with  radiating  ribs.  The  species  of  Aviculopecten  are  distributed 
between  the  Devonian  and  Permian,  but  they  are  most  characteristic 
of  the  Carboniferous  rocks,  in  which  they  are  extremely  abundant. 
In  the  absence  of  a  median  cartilage-pit,  and  the  lodgment  of  the 
ligament  in  a  groove  along  the  hinge-line,  the  genus  approaches  the 
Aviculida;,  but  its  shell  is  stated  by  Meek  to  have  the  corrugated  and 
laminated  structure  of  Fectejt,  and  not  the  prismatic  structure  of  the 
former.  The  genus  Streblopteria  of  the  Carboniferous  and  Permian 
rocks  comprises  forms  which  agree  with  Aviculopecten  in  having  the 
ligament  in  a  groove  along  the  margin  of  the  ears ;  but  the  posterior 
ear  is  hardly  marked  off  from  the  hinder  margin  of  the  shell,  and 
an  oblique  posterior  cardinal  tooth  is  present. 


Order  III.  Mytilacea 

(  =  Ileteromyaria,  Bronn). 

In  this  order  the  mantle-lobes  are  free,  the  pallial  line  is  entire,  and 
there  are  usually  two  adductor  muscles.  (In  the  Tertiary  genus  Dreis- 
senomya  the  pallial  line  is  sinuated ;  while  the  recent  genus  Prasina 
is  monomyary.)  The  anterior  adductor  is  small ;  the  posterior  is  of 
large  size.  The  foot  is  tongue-shaped  and  usually  byssiferous.  The 
shell  possesses  an  external,  often  largely  developed,  prismatic  layer, 
and  may  be  inequivalve  or  equivalve.  The  ligament  is  generally 
contained  in  several  marginal  grooves  or  in  an  oblique  furrow ;  and 
the  hinge  may  or  may  not  be  provided  with  teeth.  The  two  prin- 
cipal families  contained  in  this  order  are  the  Aviculidce  and  Mytilidce, 
and  the  recent  forms  are  in  part  marine,  and  in  part  inhabitants  of 
fresh  waters. 

Family  i.  Aviculida. — In  this  family  the  mantle-lobes  are  free, 
the  foot  is  small  and  byssiferous,  and  the  shell-structure  consists  of 
an  internal  nacreous  layer  and  an  external  prismatic  layer.  The 
anterior  adductor  ^  is  small,  and  leaves  its  impression  at  the  base  of 

^  The  muscle  which  is  here  spoken  of  as  the  "anterior  adductor"  is  sometimes 
regarded  as,  in  some  cases,  being  really  the  anterior  retractor  of  the  foot.  On 
this  view,  there  is  no  anterior  adductor  muscle  in  some  of  the  most  typical  forms 
of  the  Aviculidcr,  the  animal  being  monomyary. 
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the  anterior  ear ;  the  posterior  adductor  impression  is  large  and  sub- 
central.  The  shell  is  inequivalve  or  subequivalve,  oblique,  with  a 
straight  hinge-line,  and  furnished  on  one  or  both  sides  with  wing- 
like expansions  or  ears.  Under  the  anterior  ear  of  the  right  valve 
■    a  notch  or  aperture  for  the  transmission  of  the  byssus.  The 


IS 


family  of  the  Aviculidce.  is  a  very  large  one,  and  has  a  most  extensive 
development  in  past  time,  beginning  under  various  types  in  the 
Ordovician  rocks,  and  being  continued  thereafter  to  the  present 
day.  The  principal  forms  included  in  this  family  may  be  briefly 
considered  under  the  following  groups  : — 


Kig.  568.— Types  of  Aviailidie.  a,  Avicula  Cottaldina—Cxe.x.2.ce.o\ii;  d,  Avicula  contorta— 
Upper  Trias;  c,  Vulsella falcata—Kaz^x\e.\  d,  Pseudomonotis  sfeluticaria—Vermi&n;  e,  In- 
terior of  the  shell  of  the  same,  showing  the  adductor  impression  and  pallial  line  ;  F,  Posidonomya 
Becheri — Lower  Carboniferous. 

Firstly,  we  have  the  great  group  of  shells,  of  which  Avicula  itself 
(fig.  568,  A  and  e)  is  the  type.  In  this  genus  the  shell  is  oblique 
and  inequivalve,  the  right  valve  being  smaller  and  less  convex  than 
the  left.  The  right  valve  has  a  byssal  notch  under  the  anterior  ear, 
and  the  hinge  has  one  or  two  cardinal  teeth,  sometimes  with  an 
elongated  posterior  tooth.  The  ligament  is  partly  external,  partly 
contained  internally  in  a  deep  groove.  The  species  of  Avicula 
range  from  the  Ordovician  period  to  the  present  day,  numerous 
forms  of  this  genus  occurring  in  the  Secondary  and  Tertiary 
rocks. 

More  or  less  closely  allied  to  Avicula  are  the  PalEEOzoic  genera  Leiop- 
i^mrt  (Devonian  and  Carboniferous),  ^^7«o;>to7«  (Carboniferous),  Pteron- 
z/^j  (Devonian  and  Carboniferous),  Limoptera  (Devonian),  and  Eoiteria 
(Ordovician)  Also  related  to  Avicula  is  the  genus  Pseudomonotis  (Euini- 
crohs,  Meek),  in  which  the  shell  is  but  slightly  oblique,  and  is  inequivalve, 
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the  left  valve  convex,  with  a  prominent  beak.  The  hinge  is  nearly  or 
quite  toothless,  and  the  anterior  ear  is  small  or  undeveloped,  while  a  deep 
byssal  notch  in  front  is  present  (fig.  568,  D  and  e).  The  earliest  forms  of 
Pseudonionotis  are  found  in  the  Devonian  rocks,  but  the  genus  attains  its 
maximum  in  the  Triassic  and  Jurassic  rocks.  A  well-known  species  from 
the  Permian  rocks  of  Europe  is  P.  speluncaria  (fig.  568,  d).  In  the 
singular  Triassic  genus  Cassianella  (fig.  570,  D  and  E)  the  shell  is  thick 
and  very  inequivalve,  the  right  valve  being  flat  or  concave,  while  the  left 
is  strongly  convex.  The  hinge-line  is  straight,  with  few  teeth,  the  liga- 
ment being  lodged  in  a  triangular  groove  behind  the  beaks  ;  a  byssal 
notch  is  absent ;  and  the  shell  is  eared. 

Another,  but  limited,  group  is  that  represented  by  Vulsella  and 
Malleus,  together  with  some  Secondary  and  Tertiary  forms  of  small 
importance,  characterised  by  the  common  feature  that  the  ligament 
is  lodged  in  a  single  pit  extending  from  the  beak  internally.  In 
Vulsella  (fig.  568,  c)  the  shell  is  nearly  equivalve  and  earless,  the 
hinge  being  toothless,  and  a  byssal  notch  being  absent.  The  genus 
dates  from  the  Eocene  Tertiary,  and  still  survives.    On  the  other 


Fig.  569. — Perna  Mullcti  (a),  and  a  portion  of  its  hinge-line  (b).    Lower  Greensand. 


hand,  the  "  Hammer-oysters  "  {Malleus)  are  not  known  in  the  fossil 
state,  and  are  distinguished  by  their  very  long  ears  and  central 
beaks. 

A  third,  much  more  important,  group  of  the  Aviculida  is  that 
represented  by  Perna  and  its  allies,  all  of  which  have  a  straight 
hinge-line,  crossed  by  numerous  transverse  furrows  for  the  lodgment 
of  the  ligament.  In  Perna  (or  Melina)  itself  (fig.  569)  the  shell 
varies  in  form,  but  there  is  generally  a  long  posterior  ear ;  there  are 
numerous  close-set  cartilage-pits,  and  the  right  valve  has  a  byssal 
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notch.  The  genus  begins  in  the  Trias,  is  well  represented  in 
the  later  Secondary  and  Tertiary  deposits,  and  still  survives  under 
a  few  forms.  A  large  and  well-known  species  is  the  Perna  Mulleti 
of  the  Neocomian  rocks.  Allied  to  the  preceding  is  the  genus 
Gervillia  (fig.  570,  a),  in  which  the  shell  is  elongated  and  very 
oblique,  with  a  broad  and  wing-like  posterior  ear.  The  hinge-line 
is  furnished  with  numerous  cartilage-pits  (fig.  570,  b),  and  the 
anterior  ear  is  comparatively  small,  while  the  beaks  are  nearly  or 
quite  terminal  in  position.  The  species  of  Gervillia  abound  in  the 
Triassic,  Jurassic,  and  Cretaceous  rocks,  and  a  single  species  of  the 


Fig.  570.— Types  of  AviuUidiE.  A,  Gervillia  Hartiiianni—lSx-z.?, ;  B,  Part  of  hinge  of  the  same, 
enlarged;  c,  Hoemesia  yoannis-Aitsiriie,  slightly  enlarged— Trias ;  D  and  E,  Cassiandla  gry- 
phenta,  of  different  ages— Trias.   (After  Munster  and  Laube.) 


genus  is  found  in  the  Eocene  rocks.  In  the  Trias  are  found  various 
forms  of  the  closely  aWi&d  Hoemesia  (fig.  570,  c),  in  which  the  left 
valve  is  greatly  inflated,  with  a  strongly  incurved  beak,  while  the 
hinge-line  is  crenulated,  and  a  single  strong  tooth  exists  in  both 
valves.  Bakeivellia,  of  the  Permian,  resembles  Gervillia  in  general 
form,  but  the  hinge  is  provided  with  anterior  and  posterior  teeth, 
and  the  cartilage-pits  are  few  in  number.  The  Devonian  genus 
Aciinodesma  is  probably  a  still  older  relative  of  Gervillia. 

Nearly  related  to  both  Gervillia  and  Perna  is  the  important  and 
widely-distributed  genus  Inocerainus  (figs.  571,572),  which  is  entirely 
confined  to  the  Secondary  period,  and  is  mainly  characteristic  of  the 
Cretaceous  series.    The  shells  of  this  genus  are  inequivalve,  with 
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radiating  ribs  or  concentric  furrows,  and  with  prominent  beaks. 
The  shell  is  earless,  and  the  hinge-line  is  long  and  straight,  with 
numerous  cartilage-pits.    Some  of  the  Inocerami  attain  a  length  of 


Fig.  57 '  -—^ iwceramus  siilcatiis.    Gault  (Cretaceous). 

two  or  three  feet,  and  fragments  of  them  are  often  found  perforated 
by  boring  sponges.  The  shell  in  the  Inoceranii  consists  of  a  thin 
internal  nacreous  layer,  with  a  generally  very  thick  outer  prismatic 


Fig.  n-i.—InoceraimisprobUmatkus.  Chalk. 

Stratum,  but  either  the  internal  or  the  external  layer  may  be  destroyed 
in  the  process  of  fossilisation. 

The  Jurassic  and  Cretaceous  genus  Aucella  (fig.  573)  is  related  to  the 
preceding,  but  may  be  considered  as  the  type  of  a  separate  group  of  the 

Aviculida:.  In  this  genus,  the  shell  (fig. 
573)  is  very  inequivalve,  the  left  valve 
being  convex  and  the  right  valve  flat,  and 
the  laeaks  of  both  valves  being  inflated 
and  incurved.  The  ears  are  imperfectly 
developed ;  the  surface  is  concentrically 
striated ;  the  ligament  is  external  and 
linear ;  and  the  hinge  is  hardly  or  not  at 
Fig.  573. — Aucella  mosquensis,  all  toothed.  The  Carboniferous  genera, 
Upper  Jurassic,  Russia.  (After  zit-    Rutotia,  Posidoiiiella,  and  ApkaiHiia,  and 

the   Triassic   genus  Rhytichopterus^  are 
placed  by  Fischer  in  the  same  group  with  Aucella. 

The  genus  Monotis  is  the  type  of  another  group  of  the  Aviculida, 
in  which  the  shell  is  equivalve,  compressed,  with  small  beaks,  the 
ears  more  or  less  confluent  with  the  shell,  the  hinge  without  teeth, 
and  the  ligament  linear.  Monoiis  itself  is  confined  to  the  Trias, 
occurring  in  rocks  of  this  age  in  both  the  Old  World  and  the  New. 
Very  closely  related  to  the  preceding  are  the  Triassic  genera  Dao- 
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nella  (fig.  574)  and  Ralobia,  in  which  are  comprised  flat,  equi- 
valve,  radiately-striated  shells,  more  or  less  markedly  inequilateral 
in  shape,  with  a  straight  hinge-line,  without  a  ligamental  pit  or  teeth, 
and  with  no  ears.  Also  belong- 
ing to  this  group  is  the  remark- 
able genus  Fosidonomya  ( =  Po- 
sidonia),  in  which  the  shell  (fig. 
568,  f)  is  thin,  concentrically 
striated,  with  a  straight  hinge- 
line,  destitute  of  hinge-teeth, 
and  without  developed  ears. 
The  species  of  Fosidonomya 
range  from  the  Silurian  to  the  Fig.  574.- 
Jurassic  rocks,  and  have  a  gen- 
eral resemblance  in  shape  to  specimens  of  Estheria.  The  species 
of  this  genus  commonly  occur  gregariously,  and  particular  species 
are  commonly  characteristic  of  particular  horizons. 

The  important  Palseozoic  genus  Pterinea  is  the  type  of  another 
group  of  the  Aviculida,  in  which  the  shell  (figs.  575,  576)  is  equi- 


-Daonella  (Halobia)  Lominelli.  Trias. 


575-  — A,  Pterinea  sub/nUata, 
biliinan.  (After  M'Coy.)  u,  Int  erior 
of  the  left  valve  nf  Pterinea.  lavis,  De- 
vonian.   (After  Zittel.) 


Fig.  576. — Pterinea  (A7'icu/n)  tiemissa. 
Ordovician  rocks  (Hudson  River  group)  of 
North  America. 


valve,  inequilateral,  and  winged,  with  a  byssal  notch  below  the 
anterior  ear.  The  hinge  has  two  or  more  cardinal  teeth,  with 
oblique  lateral  teeth,  and  there  is  a  large,  longitudinally-striated 
ligamental  area  for  the  reception  of  the  internal  ligament.  The 
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small  impression  of  the  anterior  adductor  is  placed  below  the  an- 
terior ear,  and  the  surface  is  radiately  striated.  The  species  of 
Pterinea  have  a  wide  distribution  in  the  Ordovician,  Silurian,  De- 
vonian, and  Carboniferous  rocks.    The  Devonian  genus  Glyptodes- 

ma  is  allied  to  Pterinea,  but  the  liga- 
ment is  external,  and  the  hinge  has 
two  strong  lateral  teeth,  together 
with  numerous  irregular  transverse 
plications  along  its  margin. 

The  genus  Ambonychia  (fig.  577) 
is  the  type  of  another  group  of  the 
AvicuHdce,  and  is  widely  distributed 
in  the  Palfeozoic  rocks,  ranging  from 
the  Ordovician  to  the  Carboniferous. 
In  this  genus  the  shell  (fig.  577)  is 
equivalve  and  very  inequilateral,  the 
beaks  being  pointed,  and  placed  at 
the  anterior  end  of  the  long  straight 
hinge-line.  The  ligament  is  internal, 
and  is  lodged  in  longitudinal  grooves 
F\g.sn.-A,„bonych;arad;ata.  running  parallel  with  the  cardinal 
Ordovician.  margin.     There  is  no  anterior  ear, 

but  a  wide  byssal  aperture  is  present, 
while  the  posterior  ear  is  broad  and  aliform.  The  Devonian 
genera  Mytilarca  and  Gosseletia  may  be  placed  in  the  neighbour- 
hood of  Ambonychia. 

A  transition  between  the  Aviculida  and  the  Mytilida  is  effected 


Fig.  578. — Myalina  crassa,  interior  of  a  broken  right  valve,  showing  the  hinge. 
Carboniferous  Limestone.  (Original.) 

by  the  remarkable  genus  Myalina  (fig.  578),  in  which  the  shell  is 
inequivalve,  and  mussel-shaped,  with  terminal  beaks,  and  a  flat  and 
thickened  cardinal  area  marked  with  longitudinal  cartilage-grooves, 
and  sometimes  with  the  umbones  septate.    The  genus  Myalina  is 
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Stated  to  range  from  the  Silurian  to  the  Permian,  but  it  is  pnnci- 
pally  characteristic  of  the  Carboniferous  and  Permian  rocks. 
Though  the  shell  of  Myalitia  resembles  that  of  the  Mytilida  in 
form,  the  shell-structure  agrees  with  that  of  the  Aviculidce  in  the 
presence  of  a  well-developed  external  prismatic  layer. 

We  pass  naturally  from  the  Aviculidai  to  the  Mytilida  through 
the  genus  Pirma  and  its  allies,  which  have  often  been  regarded  as 
constituting  a  special  family  {FinnidcB).    In  Finna,  the  type-genus 


A  B 


.  Fig-  579- — A,  Pinna flabelliformis,  the  hinder  part  of  the  shell  being  broken  away,  reduced  in 
size ;  B,  Aviculopinna  membranacea.  From  the  Carboniferous  Limestone  of  Belgium.  (After 
De  Koninck.) 

of  this  group,  the  shell  (fig.  579)  is  equivalve  and  wedge-shaped; 
the  beaks  are  placed  quite  at  the  anterior  end  of  the  shell,  and  the 
posterior  end  is  truncated  and  gaping.  The  hinge  is  toothless,  and 
there  is  an  elongated  ligamental  groove.  The  shell  consists  almost 
entirely  of  the  external  prismatic  layer,  the  inner  nacreous  layer 
being  of  extreme  tenuity.  The  earliest  types  of  Pinna  appear  in 
the  Devonian  rocks,  and  some  of  these  have  been  separated  by 
Hall  to  form  the  genus  Palceopitma,  on  the  ground  of  the  convexity 
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of  their  valves  and  the  fine  striation  of  the  surface.  In  the  Car- 
boniferous rocks  the  genus  is  represented  by  large  forms  and 
numerous  later  types  are  known,  the  existing  species  having  a  wide 
range  in  space. 

In  the  Jurassic  and  Cretaceous  genus  TricJntes  the  shell  is  of  laree 
size  and  great  thickness,  with  a  marked  fibrous  structure,  the  valves  beine 
of  unequal  size,  with  twisted  beaks  and  undulated  margins.  The  hinjje 
line  is  linear  and  edentulous,  and  the  impression  of  the  posterior  ad- 
ductor IS  very  long  and  narrow.  Lastly,  in  the  Carboniferous  and  Per- 
mian genus  Aviculopinna  (fig.  579,  b),  the  beaks  are  placed  a  little  way 
behind  the  anterior  extremity  of  the  shell,  and  the  surface  is  nearly 
smooth,  and  is  marked  with  concentric  stria. 

Family  2.  Mytilid^. — In  this  family  the  foot  is  cylindrical, 
grooved,  and  byssiferous,  and  there  are  two  adductor  impressions^ 
that  of  the  anterior  adductor  being  small  and  terminal  in  position' 
while  that  of  the  posterior  adductor  is  of  large  size.  The  shell  is 
mostly  equivalve,  wedge-shaped  or  oval,  with  anteriorly-placed  beaks, 
not  alate,  and  without  a  byssal  notch ;  the  byssus  passing  between 
the  slightly  gaping  ventral  margins  of  the  valves.  The  cardinal 
margin  is  oblique ;  the  hinge  is  edentulous  ;  and  the  ligament  is 
long,  linear,  and  marginal.  The  pallial  line  (except  in  Dreissenomya) 
is  entire.  The  shell  is  composed  of  an  inner  nacreous  layer  and 
an  outer  cellulo-prismatic  stratum,  with  a  horny  epidermis.  The 
Mytilidce  are  partly  marine  and  partly  inhabitants  of  brackish  or 
fresh  water,  and  the  eariiest  types  of  the  family  appear  to  be  found 
in  the  Devonian  rocks. 

In  the  genus  Mytihis  are  the  true  "  Mussels,"  in  which  the  shell 
is  very  inequilateral  and  wedge-shaped,  and  the  beaks  are  terminal 

in  position.  Numerous  fossil 
forms  are  known,  commencing 
in  the  Trias,  and  the  genus 
is  largely  represented  at  the 
present  day.  The  Palseozoic 
shells  which  have  been  placed 
under  Mytilus  probably  belong 
really  to  other  genera.  The 
genus  Modiola,  comprising  the 
"  Horse  -  mussels,"  is  hardly 
separable,  so  far  as  the  shell 
is    concerned,   from  Mytilus 

Fig.  580.— Exterior  and  interior  of  the  left  valve    propCr,    the     principal  diffcr- 

offhe  Paris  uls"r""'^  ences -being  that  the  shell  is 

rather  oblong  than  cuneiform, 
and  the  beaks  are  rounded,  and  are  placed  a  little  behind  the 
anterior  extremity  (fig.  580).    The  genus  Modiola  appears  to  be  . 
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represented  in  formations  as  ancient  as  the  Devonian  and  Car- 
boniferous, but  most  of  the  fossil  species  are  Secondary  and  Ter- 
tiary, and  there  are  also  numerous  living  forms.  The  Recent  and 
Tertiary  genus  Septifer,  again,  differs  from  Mytilus  in  havmg  a  cal- 
careous shelf  within  the  beak  for  the  attachment  of  the  anterior 
adductor  muscle.  The  "Date-shells"  {Lithodomus)  are  nearly  re- 
lated to  Modiola,  and  are  distinguished  by  their  long,  cylindrical, 
anteriorly-inflated  shell,  and  by  their  habit  of  forming  perforations 
in  rocks,  in  which  they  live.  They  appear  to  date  from  the  Car- 
boniferous rocks,  and  are  known  to  palaeontologists  by  both  their 
shells  and  their  burrows.  Crenella,  of  the  Cretaceous,  Tertiary,  and 
Recent  deposits,  is  another  ally  of  Modiola. 

The  genus  Dreissetia  (including  Congeria)  comprises  Mussel- 
shaped  Bivalves,  with  terminal  beaks  (fig.  581),  and  a  small  byssal 
notch  in  the  right  valve,  but  differing  from  Mytilus  in  having  keeled 
valves,  and  in  the  fact  that  the  internal  lining  of  the  shell  is  not 
nacreous.  The  hinge  is  toothed,  and  the  anterior  adductor  is 
attached  (as  in  Septifer)  to  a  calcareous  shelf  within  the  beak. 
The  living  species  of  Dreissena  are  inhabitants  of  fresh  or  brackish 


Fig.  581. — Dreissena  (Congeria)  congloiiata,  from  the  Upper  Miocene  of  the  Vienna  basin. 

(After  Zittel.) 


waters,  and  have  a  very  wide  distribution.  Fossil  forms  of  the 
genus  are  found,  often  in  extraordinary  profusion,  in  the  Miocene 
and  Pliocene  deposits  of  Central  and  Eastern  Europe,  certain  of 
the  Tertiary  beds  of  Austria  and  Hungary  being,  for  this  rea^son, 
spoken  of  as  the  "  Congerien-schichten."  The  Miocene  genus 
Dreissenomya  is  related  in  most  respects  to  Dreissena.,  but  exhibits 
the  remarkable  feature  that  the  pallial  line  is  sinuated. 

It  is,  lastly,  probable  that  the  thin-shelled  Carboniferous  Bivalves 
which  constitute  the  genus  Anthracoptera  are  brackish-water  forms, 
and  are  allied  to  Dreissetia.    In  general  form  Anthracoptera  re- 
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sembles  Mya/ma,  but  it  is  destitute  of  the  thick  striated  hinge- 
plate  of  the  latter,  and  the  ligament  is  external. 


Order  IV.  Arcacea. 

In  this  order  the  mantle-lobes  are  completely  separate,  or  may 
form  two  respiratory  siphons ;  the  foot  is  byssiferous  or  grooved  • 
and  there  are  two  adductors.  The  shell  is  ordinarily  equivalve,  and 
the  hinge  is  furnished  in  both  valves  with  a  series  of  equal  and 
similar  teeth.  This  division  of  Bivalves  includes  the  two  families 
of  the  Arcidcz  and  Nuculida,  both  of  which  have  representatives  in 
rocks  as  ancient  as  the  Ordovician,  at  any  rate. 

Family  i.  Arcid^. — In  this  family  the  muscular  impressions 
are  nearly  equal,  the  foot  is  large,  .bent,  and  deeply  grooved,  and 
the  mantle-lobes  are  separate.  The  shell  is  equivalve,  and  the 
hinge  is  long  and  carries  numerous  comb-like  teeth.  The  ligament 
is  usually  external,  attached  to  a  striated  area  below  the  beak,  but 

it  may  be  internal,  and  contained  within 
a  single  groove.  The  family  of  the  Ar- 
cidcB  appears  to  be  represented  in  the 
Upper  Cambrian  deposits  {Glyptarcd) 
and  is  largely  developed  in  existing  seas. 

In  the  genus  Area  (fig.  582)  the  shell 
is  transversely  elongated  and  inequilateral, 
the  surface  being  generally  ornamented 
with  radial  ribs  or  striae.  The  hinge-line 
is  straight,  and  is  furnished  with  numerous 
transverse  equal  teeth.  The  beaks  are 
remote  from  one  another,  and  are  separ- 
ated by  an  oval  or  lozenge-shaped,  striated 
ligamental  area.  Taken  as  a  whole,  the 
genus  Area  ranges  from  the  Upper  Cambrian  to  the  present  day, 
the  oldest  types  {Glyptarca)  appearing  in  the  Lower  Tremadoc 
beds. 

The  genus  A7-ca  has  been  broken  up  into  numerous  sub-genera,  of 
which  the  two  most  impoitant  are  Carbonarca  and  Isoarca.  The  former 
of  these  comprises  some  types  from  the  Carboniferous  Limestone,  in 
which  the  beaks  are  tumid  and  incurved,  and  the  hinge  has  two  strong 
oblique  teeth  in  front,  and  numerous  transverse  teeth  behind.  The  forms 
included  under  the  head  of  Isoarca  belong  to  the  Jurassic  and  Cretaceous 
rocks,  and  have  an  elongated,  very  inequilateral  shell,  with  the  beaks 
near  the  anterior  end.  The  beaks  are  inflated  and  incurved,  and  the 
hinge-line  is  slightly  curved,  and  has  a  row  of  transverse  teeth  on  each 
side. 

Closely  allied  to  Area  is  the  genus  CueuUcea,  in  which  the  shell  is 
trapezoidal  and  ventricose ;  the  hinge-line  is  straight ;  and  the  hinge- 


Fig.  582. — Area  antiqua.  Permian. 
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teeth  are  few  and  oblique,  and  at  each  end  of  the  hinge  become 
parallel  with  the  cardinal  margin.  The  genus  Cucullcea,  in  the  wide 
sense,  ranges  from  the  Carboniferous  period  to  the  present  day,  but 
it  is  a  matter  of  great  difficulty  to  separate  the  fossil  forms  of  this 
genus  from  those  belonging  to  Area. 

The  genus  Oiciillcea  has  been  divided  into  sub-genera,  of  which  the 
two  most  important  are  Macrodon  and  Parallelodo7i.  In  the  fonner  of 
these  (fig.  583,  e)  the  shell  is  greatly  elongated,  with  a  long  hmge-line, 
the  portion  of  which  in  front  of  the  beaks  carries  a  number  of  short 


Fig.  583. — Types  of  Arcidie  and  Nuculida.    A,  Interior  of  Lyrodcsina  Cincinnatiensis,  show- 
ing the  hinge,  enlarged  three  times — Ordovician  (after  Hall)  ;  B,  Interior  of  Tellinomya  fiectun- 
showing  the  hinge  and  adductor  scars,  enlarged  twice — Ordovician  (after  Hall);  c,  In- 
terior of  the  right  valve  of  Pectuiiculus  subpilosus — Tertiary  ;  D,  Interior  of  the  valve  of  Lim- 
opsis  aurita — Pliocene ;  E,  Interior  of  Macrodon  Hirsonensis — Jurassic. 

oblique  teeth,  while  the  portion  behind  the  beaks  supports  a  few  elon- 
gated teeth  which  lam  nearly  parallel  with  the  cardinal  margin.  Forms 
of  this  type  are  not  uncommon  in  the  Secondary  rocks,  but  the  earliest 
representatives  appear  in  the  Devonian  rocks,  and  a  single  species  exists 
at  the  present  day.  The  sub-genus  P<irallelodo7i  is  very  closely  allied 
to  AfacrodoH,  possessing  the  same  elongated  posterior  teeth  directed 
parallel  to  the  hinge-line,  but  the  anterior  teeth  are  also  sub-horizontal. 
The  species  of  this  type  are  principally  Carboniferous  and  Permian. 

In  the  genus  Pectuiiculus  (fig.  583,  c),  the  shell  is  nearly  round  and 
almost  equilateral ;  the  beaks  are  separated  by  a  striated  ligamental 
area  of  triangular  form ;  the  hinge-line  is  curved ;  and  the  hinge- 
teeth  are  oblique  and  form  a  semicircular  row.  Pectunailus  is  a 
comparatively  modern  genus,  and  does  not  seem  to  have  come  into 
existence  before  the  Cretaceous  period.  Numerous  species  are 
known  in  the  Tertiary  rocks,  and  there  are  about  sixty  living  types 
of  the  genus. 
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Ltmopsts,  ranging  from  the  Trias  to  the  present  day,  has  an  orbicul-ir 
but  shghtly  obhque  shell  (fig.  583,  d),  with  a  central  td'ang ular  ca 
fl^  A  p7  °^  transverse  teeth  on  each  side  of  this.  Lastly  the  m!o- 
cene  and  Pliocene  genus  Nucu/ina  has  the  shell  oval  or  sibtrilonal 
with  the  anterior  s:de  abbreviated;  the  hinge-line  being  curved  and 
canymg  a  row  of  short  transverse  teeth  completed  posterior  y  by  one 
elongated  lamelliform  lateral  tooth. .  ^    ^cxiony  oy  one 


ex- 


Fig.  584. — Cardiola  cor- 
nucopia!, from  the  Devon- 
ian rocks  of  Germany,  of 
the  natural  size.  (After 
Zittel.) 


_  In  connection  with  the  present  family  we  may  consider  the 
tmct  genera  Cardiola  and  Cyrtodonta,  with  some  forms  allied  to  the 
last  of  these,  the  precise  affinities  of  these  being 
uncertain.  In  the  genus  Cardiola  (fig.  584) 
the  shell  is  thin,  equivalve,  and  oblique,  with 
convex  valves  and  prominent  incurved  beaks, 
and  having  the  surface  adorned  with  radiating 
grooves,  which  are  crossed  by  concentric  fur- 
rows in  such  a  way  as  to  give  rise  to  radiating 
rows  of  tubercular  eminences.  There  is  a  large 
triangular,  transversely-grooved  ligamental  area 
below  the  beak,  and  the  hinge-line  is  straight ; 
but  teeth  have  not  been  certainly  detected  in 
the  typical  forms  of  the  genus,  and  the  mus- 
cular impressions  are  unknown.  Numerous 
species  of  the  genus  have  been  recognised  in 
the  Silurian  and  Devonian  rocks,  a  character- 
istic species  from  the  former  system  being  the  well-known  Cardiola 
interrupta. 

The  shells  of  the  genus  Cyrtodofita  {Palcearca  of  Hall)  are  ventri- 
cose  and  very  inequilateral,  the  umbones  being  anterior  (fig.  585). 
The  hinge-area  is  undefined,  and  the  surface  is  generally  smooth. 
There  are  a  few  (three)  anterior  cardinal  teeth,  and  "  two  or  three 
remote  oblique  posterior  teeth  parallel  to  the  hinge-margin  "  (Salter). 
The  species  of  Cyrtodonta  appear  to  be  exclusively  confined  to  the 
Ordovician,  Silurian,  and  Devonian  rocks,  but  the  genus  is  said  to 
occur  in  the  Upper  Cambrian.  Va?mxemia  comprises  forms  of  the 
genus  with  nearly  terminal  beaks.  In  the  genus  Megaloinus,  again 
(fig.  586),  are  comprised  forms  essentially  similar  to  Cyrtodonta 
(possibly  identical  with  it),  but  having  an  excessively  thickened  and 
massive  shell,  which  is  usually  strongly  inflated.  The  valves  are 
equal ;  the  beaks  strongly  incurved  and  placed  anteriorly ;  the  hinge- 
line  furnished  with  three  or  four  (?)  strong  transverse  teeth  ;  and  the 
anterior  muscular  impression  extremely  deep.  The  forms  of  this 
genus  appear  to  be  confined  to  the  Silurian  rocks,  and  often  attain  a 
great  size,  but  they  usually  occur  in  the  state  of  casts  only. 

Family  2.  NucULiDiE. — This  family  comprises  a  number  of  marine 
Bivalves,  in  which  the  mantle-lobes  may  be  open,  or  siphons  may  be 
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present,  while  the  foot  is  discoid,  and  there  are  two  nearly  equal 
adductors.  The  shell  is  equivalve,  with  an  internal  or  external  liga- 
ment, but  without  a  ligamental  area ;  and  the  hinge  is  furnished 
with  numerous  narrow  teeth.  The  paliial  line  may  be  entire  or 
sinuated.  This  family  includes  two  related  groups,  typified  respec- 
tively by  Nucula  and  Nuculana  j^Leda),  the  former  group  being  char- 
acterised by  the  fact  that  the  paliial  line  is  entire  and  the  posterior 


Fig.  585. — Cyrtodonta  Hindi.    (Billings.)    Ordovician.    n,  Side  view       Dorsal  view. 

side  of  the  shell  is  short,  while  in  the  latter  the  paliial  line  is  more  or 
less  sinuated  and  the  posterior  side  of  the  shell  is  long. 

In  the  genus  Nucula  itself  (fig.  587)  the  shell  is  trigonal  or  oval, 
and  the  beaks  are  reversed  and  turned  towards  the  posterior  side  of 
the  shell,  which  is  also  the  shortest  side.  The  interior  of  the  shell 
is  nacreous  and  the  ventral  margin  may  be  smooth  or  finely  dentic- 
ulated. The  hinge  is  angulated,  and  shows  a  central  internal  carti- 
lage-pit, flanked  on  each  side  by  numerous  teeth.  The  Secondary 
and  Tertiary  rocks  have  yielded  a  considerable  number  of  species  of 
Nucula,  and  there  are  many  living  forms.  The  PaljEOzoic  shells 
which  have  been  referred  to  Nucula  probably  belong  really  to  other 
types  {Tellinomya,  &c.) 

In  the  neighbourhood  of  the  preceding  may  be  placed  the  Silurian  and 
Devonian  genus  Cuciillella  (fig.  589,  b),  in  which  the  hinge-line  is  straight 


7i6 


LAMELLIBRANCHIATA. 


or  slightly  curved,  and  the  hinge  is  essentially  similar  to  that  of  Nuciila 
except  that  the  ligament  is  external ;  but  there  exists  a  long  internal 
septum,  which  extends  from  below  the  beak  towards  the  anterior  muscu- 
lar impression     The  genera  Cleidophorus  (Ordovician  and  Silurian)  and 
Kedonia  (Cambrian  and  Ordovician)  appear  to  be  related  to  Cucullella 


Vig.  Mcgalomus  compressHS.    a,  Side  view  of  the  cast  of  the  shell,  natural  size  •  b  The 

same  viewed  from  above  :  ad,  Cast  of  the  adductor  impression  r  /,  Pallial  line.  (Original.) 

since  both  possess  a  vertical  internal  plate,  which  commences  in  front  of 
the  beaks,  and  is  continued  downwards  behind  the  anterior  adductor,  a 
deep  slit  being  left  in  the  cast  of  the  shell  by  its  removal. 

Also  in  the  neighbourhood  of  Nucula  may  be  placed  the  genus 
Tellinoinya  ( =  Ctenodotita,  Salter),  though  this  type  shows  decided 


affinities  with  Pectunculus  among  the  Arcidce.  In  Tellinoinya  (figs. 
583,  B,  and  588)  the  posterior  side  of  the  shell  may  or  may  not  be 
the  shortest,  and  the  ligament  is  external,  and  is  not  placed,  as  in 
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Nuada,  in  an  internal  pit.  The  shell  is  generally  oval  or  elon- 
gated, smooth,  or  marked  with  fine  concentric  lines ;  there  is  no 
liganiental  area  (as  there  is  in  Fedunmlus),  but  the  hinge  carries 
numerous  small  transverse  teeth.  The  species  of  Tellinoinya  range 
from  the  Ordovician  to  the  Carboniferous,  and  the  forms  placed  by 
Hall  under  the  genus  FalcBoneilo  are  probably  congeneric  with  the 
above. 

The  genus  Nuculana  {Leda)  is  the  type  of  another  group  of  the 
present  family,  which  is  distinguished  by  the  fact  that  the  shell  is 
more  or  less  produced  posteriorly,  and  also  usually  by  a  more  or 
less  marked  sinuation  of  the  pallial  line  (589,  a);  for  which  reasons 
these  forms  are  sometimes  considered  as  constituting,  a  separate 
family  {Nuculanida).    In  Nuculana  (Leda)  the  shell  (fig.  589,  a) 


Fig.  589. — Types  of  Nncniidce.  A,  Interior  of  the  right  valve  of  Nuculana  {Leda)  la-nceolata — 
Pliocene ;  E,  Cucidlella  ovaia — Silurian ;  c,  Yoldia  striatiila — Cretaceou.s,  enlarged ;  D,  In- 
terior of  the  left  valve  of  Yoldia  myalls — Pliocene. 


resembles  that  of  Nucula,  but  is  rounded  in  front  and  produced 
behind,  while  the  pallial  line  is  generally  more  or  less  indented.  The 
hinge  has  numerous  small  teeth  on  either  side  of  a  small  central 
cartilage-pit.  Various  species  of  the  genus  have  been  described 
from  the  Palaeozoic  rocks,  beginning  in  the  Devonian,  and  it  is 
abundantly  represented  in  the  Secondary,  Tertiary,  and  Post-Ter- 
tiary deposits,  as  well  as  by  living  forms.  Yo/dia  (fig.  589,  c  and 
d)  resembles  the  preceding  in  most  respects,  but  the  teeth  are  comb- 
like, and  there  is  a  large  pallial  sinus.  The  genus  is  perhaps  rep- 
resented as  early  as  the  Devonian  or  Carboniferous,  but  can  hardly 
be  distinguished  from  Nuculana  in  the  fossil  condition. 

In  the  neighbourhood  of  Nuculana  may  be  placed  the  Ordovician 
genus  Lyrodesma,  in  which  there  is  an  equivalve  oblique  shell,  truncated 
posteriorly,  with  an  external  ligament,  and  having  a  hinge  of  several 
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transverse  teeth  radiating  in  a  fan-shaped  manner  from  the  beak  (fi^j 
583,  A).  The  Ordovician  genus  Actinodonta  only  differs  from  Lyrodesvia 
in  having  a  longer  hinge-line,  and  in  the  fact  that  the  central  hintre-teeth 
are  short  or  obsolete.  ^ 


Order  V.  Submytilacea. 

This  order  is  defined  by  Fischer  as  comprising  marine  or  fresh- 
water Bivalves,  in  which  the  mantle-lobes  are  free,  with  thickened 
margins ;  the  foot  may  or  may  not  be  byssiferous,  and  there  are 
(except  in  Miilleria  only)  two  adductor  muscles.  The  shell  is 
almost  always  equivalve,  the  interior  of  the  valves  sometimes 
nacreous,  sometimes  not ;  the  hinge  is  furnished  with  teeth,  which 
are  differentiated  into  a  "  cardinal  "  and  two  "  lateral "  series  ;  the 
ligament  is  external;  and  the  pallial  line  is  simple.  Dr  Fischer 
includes  in  this  order  a  number  of  families,  of  which  the  most 
important  are  the  Modiolopsidce,  TrigoniidcB,  Unionida;,  Cardiniida, 
Carditidce,  Astartidce,  and  CrassatellidcE. 

Family  i.  Modiolopsid^. — In  this  family  the  shell  is  equivalve 
and  very  inequilateral,  the  beaks  being  placed  subterminally  towards 
the  anterior  end  of  the  shell.  There  are  two  adductor  impressions, 
of  which  the  anterior  is  smaller  than  the  posterior,  and  the  pallial 
line  is  entire.  The  ligament  is  external,  and  the  hinge  may  or  may 
not  be  furnished  with  teeth.  The  principal  genus  of  this  family  is 
Modiolopsis  itself  (fig.  590),  in  which  the  shell  is  elongated,  re- 


Fig.  59°. — Modiolopsis  viodiolaris.  Ordovician. 

sembling  that  of  a  Modiola  in  shape,  with  anterior  beaks,  and 
having  the  surface  smooth,  or  marked  by  fine  concentric  lines  of 
growth.  The  posterior  end  of  the  shell  is  broader  than  the  an- 
terior ;  the  hinge-line  is  long  and  nearly  straight,  and  there  is  a  long 
ligamental  groove  extending  to  the  posterior  extremity,  no  teeth 
being  apparently  developed.  The  impression  of  the  anterior  ad- 
ductor is  small  but  deep,  that  of  the  posterior  adductor  being  wide 
and  ill-defined.    The  species  of  Modiolopsis  are  Ordovician  and 
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Silurian.  The  Devonian  genus  Modiomorpha  is  closely  related  to 
Modiolofisis,  but  the  left  valve  has  a  single  cuneiform  tooth,  which 
fits  into  a  corresponding  cavity  in  the  right  valve. 

Family  2.  Trigoniid^. — The  members  of  this  family  are  marine, 
with  a  large  bent  foot,  which  does  not  secrete  a  byssus,  and  with 
free  mantle-lobes.  The  shell  (fig.  592)  is  equivalve,  subtrigonal, 
nacreous  internally,  with  an  external  ligament  placed  behind  the 
beaks,  and  a  simple  pallial  line.  The  hinge-teeth  are  few  in  number 
(fig.  591),  varying  from  one  to  three  in  each  valve.  The  only  living 
genus  in  this  family  is  Trigonia  itself,  but  various  extinct  types  may 
be  associated  with  this. 

In  the  genus  Trigonia  (figs.  591-593)  the  shell  is  thick,  nacreous 
internally,  trigonal  in  shape,  and  very  inequilateral,  the  beaks  being 


directed  backwards.  The  anterior  side  of  the  shell  is  rounded,  and 
the  posterior  side  is  produced  and  obliquely  truncated,  constituting 
a  special  "area,"  which  is  often  ornamented  differently  to  the  rest 
of  the  shell,  from  which  it  is  divided  off  by  a  more  or  less  pro- 
nounced ridge  running  from  the  beak  to  the  hinder  margin.  The 
so-called  "  escutcheon  "  is  a  smaller  area,  which  is  cut  off  from  the 
rest  of  the  shell  by  a  second  oblique  ridge  running  close  to  the 
dorsal  margin  of  the  shell 


behind  the  beaks.  The 
hinge  of  tTie  right  valve  is 
furnished  with  two  diverging 
teeth,  the  faces  of  which  are 
strongly  striated  \  while  that 
of  the  left  valve  has  a  strong 


central   tooth,  striated  on  Fig.  593- 7>/r-- Chaik. 

both  sides,  and  two  lateral, 

externally  striated  teeth.  The  surface  of  the  shell  is  rarely  almost 
smooth,  the  majority  of  species  exhibiting  a  characteristic  ornamen- 


Fig.  591. — Interior  of  the  left 
valve  of  Trigofiia  pectinata. 
Recent,  ff.  Hinge-line,  with 
teeth  and  sockets ;  a.  Anterior 
adductor  impression  ;  a! ,  Pos- 
terior adductor  impression. 


Fig.  592. — Trigonia  costaia,  from  the 
Jurassic  rocks. 
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tation,  consisting  sometimes  of  concentric  lines,  but  more  usually 
taking  the  form  of  radial  rows  of  tubercles  or  diverging  ribs.  By  the 
form  of  the  shell  and  the  ornamentation  of  the  surface  the  species 
of  Trigojiia  may  be  divided  into  a  number  of  minor  groups.  The 
earliest  types  of  Trigonia  appear  in  the  Lias,  and  the  genus  exhibits 
an  extensive  development  in  the  later  Jurassic  and  Cretaceous  for- 
mations. A  few  Tertiary  species  are  known,  and  the  Australian 
seas  are  inhabited  by  five  existing  forms. 

The  Triassic  genus  Myophoria  (fig.  594)  comprises  sub-triangular 
shells,  obliquely  keeled,  smooth,  concentrically  striated,  or  with  a 
partial  development  of  radiating  ribs.  The  left  valve  has  three,  and 
the  right  two,  cardinal  teeth.  In  the  genus  Schizodus  ( =  the 
Axinus  of  many  authors,  but  not  of  Sowerby)  are  comprised  a 
number  of  Carboniferous  and  Permian  Bivalves,  in  which  the  shell 
(fig-  595)  is  obliquely  ovate,  and  is  in  many  respects  externally 


Permian  rocks,  of  the  nat- 
I'^'g-  594- — Myophoria.  lineata.    Trias.  ural  size.    (After  Zittel.) 

similar  to  Myophoria,  except  that  the  surface  is  smooth  and  non- 
plicate,  while  the  posterior  side  is  bounded  by  an  obscure  oblique 
ridge,  and  is  not  markedly  angular.  The  right  valve  has  two  di- 
verging teeth,  and  the  left  valve  has  a  strong  central  tooth,  with  a 
smaller  marginal  tooth  on  each  side.  The  Devonian  genus  Cur- 
tonotus  and  the  Carboniferous  Dolabra  may  be  provisionally  asso- 
ciated with  the  present  family. 

Family  3.  Unionid^. — In  this  family  the  foot  is  large  and  com- 
pressed, not  byssiferous  except  in  the  fry;  the  mantle-lobes  are  more 
or  less  free,  being  usually  united  between  the  siphonal  apertures ; 
and  there  are  two  adductor  muscles.  The  shell  is  ordiiiarily  equi- 
valve,  nacreous  internally,  with  a  thick  epidermis,  and  a  large 
external  ligament.  The  hinge  may  be  edentulous  or  furnished  with 
well-developed  teeth,  and  the  pallial  line  is  entire.  All  the  members 
of  this  family  are  inhabitants  of  fresh  water,  and  they  are,  therefore, 
not  known  in  the  fossil  condition  except  in  fluviatile  and  lacustrine 
deposits.  If  Anthracosia  and  Carbotiicola  be  removed  to  the  Car- 
diniidce,  the  genera  Utiio  and  A?iodonia  are  the  only  types  of  this 
family  which  need  consideration  here. 
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Fig.  596. — Unio  Valdcnsis.    Wealden  (Lower 
Cretaceous). 


The  shell  in  the  genus  Uiiio  (fig.  596)  is  generally  oval  or 
elongated,  the  beaks  being  placed  towards  the  anterior  end,  and 
a  prominent  external  ligament 
being  present.  The  surface  is 
smooth,  concentrically  striated, 
or  in  some  cases  ribbed,  and 
is  covered  with  a  thick  horny 
epidermis,  which  is  often  de- 
stroyed over  the  beaks.  The 
hinge  of  the  right  valve  has 
two  anterior  lateral  teeth,  and 
a  long  laminar  posterior  lateral 
tooth;  while  that  of  the  left 
valve  has  a  single  anterior 
lateral  tooth,  a  cardinal  tooth, 
and  two  laminar  posterior  lat- 
eral teeth.  The  most  ancient  fossil  representatives  of  the  River- 
mussels  appear  in  the  Purbeck  beds  (Upper  Jurassic),  and  other 
forms  {Unio  Valdensis,  &c.)  are  found  in  the  Wealden  deposits.  A 
considerable  number  of  Tertiary  types  of  Unio  have  been  recognised, 
principally  in  the  Miocene  beds,  but  the  genus  attains  its  maximum 
at  the  present  day. 

The  genus  Anodonta  or  Anodon  comprises  the  living  Swan- 
mussels,  and  is  distinguished  from  Unio  by  the  tenuity  of  the  shell 
and  the  edentulous  character  of  the  hinge.  The  shell  forms  an 
elongated  oval,  compressed  in  the  young  condition  but  convex 
when  old,  with  anteriorly  placed  beaks ;  and  it  often  attains  a 
considerable  size.  The  earHest  undoubted  fossil  forms  of  this 
genus  appear  in  the  Eocene  Tertiary;  but  the  Upper  Devonian 
rocks  of  Ireland  and  Scotland  have  yielded  the  remains  of  a  large 
Bivalve  which  has  been  referred  here  under  the  name  of  Anodonta 
{Archanodontci)  Jukesi. 

Family  4.  Cardiniid^e. — This  family  was  proposed  by  Zittel 
to  include  a  number  of  Bivalves,  in  which  there  is  an  equivalve, 
oval,  or  trigonal  shell,  which  is  not  nacreous  internally,  and  in  which 
the  surface  is  smooth  or  concentrically  striated.  The  ligament  is 
external,  the  pallial  line  is  entire,  and  the  muscular  impressions  are 
deep  and  simple.  The  cardinal  teeth  are  generally  small,  but  the 
lateral  hinge-teeth  are  more  or  less  developed,  and  are  often  very 
thick.  The  forms  included  in  this  family  are  all  extinct,  and  present 
relationships  on  the  one  hand  to  the  Unionida  and  on  the  other 
hand  to  the  Astartidce.  From  the  fossils  with  which  they  are 
associated,  they  would  appear  to  have  been  marine,  or  to  have 
inhabited  brackish  waters. 

In  the  genus  Cardinia  (fig.  597,  b)  the  shell  is  trigonal  or  ovate, 
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very  inequilateral,  posteriorly  attenuated,  and  not  ventricose  The 
ligament  is  external,  in  a  deep  furrow,  and  the  cardinal  teeth  are 
feebly  developed  or  wanting,  while  there  is  a  single  prominent 
lateral  tooth  on  each  side.  The  surface  is  smooth  or  concentrically 
striated,  and  the  beaks  are  not  eroded.  The  genus  is  extinct,  and 
IS  confined  to  the  Triassic  and  Jurassic  rocks.  Trigonodus,  of  the 
Trias  (fig.  597,  c),  is  closely  allied  to  Cardinia,  but  the  cardinal 


Fig.  597-— Types  of  Cardmiida.  a,  Anthracosia  Lotineri,  from  the  Coal-measures  of  Ger- 
many ;b,  Interior  of  the  right  valve  of  Cardinia  Lister!,  Jurassic;  c,  Cast  of  the  interior  and 
hinge-line  of  r rtgonodus  Sandbcrgi,  from  the  Trias  of  Wurtemberg ;  d,  Interior  of  the  left  valve 
of  Gucrangeria  Davoiisti,  from  the  Inferior  Devonian  of  France.  (After  Zittel,  CEhlert,  and 
Woodward.)  ' 


teeth  are  more  fully  developed,  the  right  valve  having  one  and  the 
left  valve  two.  Various  Paleozoic  shells  have  been  referred  to 
Cardinia,  but  the  true  affinities  of  these  are  doubtful. 

We  may  place  in  this  family  the  Devonian  and  Carboniferous 
genus  Carbotiicola,  comprising  Unionoid  Bivalves,  with  thick  shells, 
an  external  ligament,  and  a  concentrically-striated  surface.  The 
beaks  are  not  eroded ;  and  the  hinge  has  a  thick  cardinal  tooth  in 
the  right  valve,  with  a  long  lamellar  lateral  tooth  on  each  side. 

The  genus  Anthracosia  comprises  a  number  of  thin-shelled 
Bivalves  in  which  the  shell  is  long-oval  and  inequilateral  (fig. 
597,  a),  and  the  surface  is  smooth  or  concentrically-striated.  The 
ligament  is  external,  and  the  hinge  seems  to  have  been  provided 
with  a  single  cardinal  tooth  in  each  valve,  without  lateral  teeth. 
The  Afithracosice  are  found  in  abundance  in  parts  of  the  Coal- 
measures  and  Lower  Permian  series,  and  they  may  perhaps  have 
been  inhabitants  of  brackish  water. 

Lastly,  we  may  place  here  the  Lower  Devonian  genus  Gueran- 
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geria,  of  CEhlert,  in  which  the  shell  (fig.  597,  d)  is  long-oval  and 
very  inequilateral,  with  small  subterminal  beaks,  and  a  concentri- 
cally-striated surface.  The  ligament  is  external ;  both  valves  have 
an  elongated  posterior  lateral  tooth ;  and  the  right  valve  has  a 
cardinal  tooth  which  fits  into  a  corresponding  socket  in  the  left 
valve. 

Family  5.  Carditid/E. — In  this  family  the  mantle-lobes  are  free, 
the  foot  is  byssiferous  or  is  grooved  inferiorly,  and  there  are  two 
adductor  muscles.  The  shell  is  equivalve,  solid,  cordate,  oval,  or 
transversely  elongated,  and  generally  adorned  with  .  radiating  ribs. 
The  pallial  line  is  entire ;  the  ligament  is  almost  always  external ; 
and  the  hinge  is  massive,  and  supports  one  or  two  oblique  cardinal 
teeth  and  sometimes  lateral  teeth  as  well.  The  members  of  this 
family  are  marine  in  habit,  and  the  two  most  important  recent 
genera  are  Venericardia  and  Cardita,  which  are  closely  related  to 
one  another,  and  are  separated  principally  by  characters  connected 
with  the  living  animal,  the  former  having  a  large  foot  which  is 
grooved  and  non-byssiferous,  while  in  the  latter  the  foot  is  short 
and  secretes  a  byssus. 

In  both  Venericardia  and  Cardita  the  shell  (fig.  598)  is  massive, 
more  or  less  cockle-shaped,  inequilateral,  and  adorned  with  radiat- 


Fig.  598. — Voiericardia  {Cardita)  planicosta.    Eocene  Tertiary. 


ing  ribs,  the  ventral  margin  being  denticulated  or  crenulated.  The 
ligament  is  external,  and  the  hinge-plate  is  thick  and  furnished  with 
powerful  cardinal  and  variably  developed  lateral  teeth.  The  genus 
Cardita  ranges  in  time  from  the  Trias  to  the  present  day;  while  the 
species  of  Venericardia  abound  in  the  Cretaceous  and  Tertiary  rocks, 
and  a  few  forms  still  survive. 

With  the  preceding  may  be  .associated,  provisionally  at  any  rate, 
a  number  of  wholly  extinct  genera.  Of  these  the  genus  Pleuro- 
phorus  (fig.  599)  possesses  an  oblong  shell,  with  anterior,  almost 
terminal  beaks,  and  a  massive  hinge.  Each  valve  has  two  diverg- 
ing cardinal  teeth,  with  a  single  elongated  lateral  tooth  placed 
posteriorly;  and  the  anterior  adductor  impression  is  very  deep, 
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and  is  bounded  behind  by  an  elevated  ridge.  The  species  of 
Pleurophorus  range  from  the  Devonian  to  the  Trias,  but  they  are 
most  characteristic  of  the  Permian  formation.  Possibly  allied  to 
the  above  is  the  Matheria  of  the  Ordovician  rocks  of  Canada,  in 

which  the  beaks  are  placed  anteriorly 
and  the  ligament  is  external;  and  the 
Silurian  genus  Anodotitopsis  may,  per- 
haps, also  find  a  place  here. 

In  this  neighbourhood  Dr  Fischer 
likewise  places  the  extinct  genera  Myo- 
co7icha  and  Hippopodiu7n.  In  the 
former  of  these  the  shell  is  thick  and 
mussel-shaped,  with  nearly  terminal 
beaks,  and  having  the  ligament  external  and  contained  in  a 
groove.  The  hinge  is  massive  and  curved,  and  in  the  right  valve 
carries  a  single  oblique  tooth.  The  anterior  adductor  impression 
is  deep,  and  the  pallial  line  is  entire.  The  species  of  Myoconcha 
are  essentially  characteristic  of  the  Secondary  rocks,  though  the 
genus  has  been  stated  to  occur  in  the  later  Palaeozoic  deposits. 
In  the  genus  Hippopodium  (fig.  600)  the  shell  is  oblong,  massive, 
and  ventricose,  with  nearly  terminal  incurved  beaks,  an  external 


Fig.  599.  —  Interior  of  the  left 
valve  of  Pletirophorus  costaius, 
from  the  Permian  rocks.  (After 
King.) 


Fig.  600. — Hijipopodium  ponderosum.  Lias. 


ligament,  and  an  entire  pallial  line.  The  hinge  carries  in  each 
valve  an  oblique  tooth,  which  becomes  obsolete  with  age.  The 
genus  is  confined  to  the  Jurassic  rocks,  a  familiar  species  being 
the  Hippopodium  ponderosum  of  the  Lias. 

Family  6.  AsxARTiDiE. — In  this  family  the  mantle-lobes  are  free, 
and  the  foot  is  long  and  pointed.  The  shell  is  equivalve,  thick, 
trigonal  or  oval,  with  a  more  or  less  distinct  "  lunule."  The  liga- 
ment is  external,  and  the  hinge  thick,  with  two  or  three  cardinal 
teeth  in  each  valve,  the  lateral  teeth  being  obsolete.  There  are 
two  adductor  impressions,  of  which  the  anterior  is  the  deepest,  and 
the  interior  of  the  shell  is  not  pearly.  The  members  of  this  family 
are  all  marine,  and  the  principal  genera  are  Astarte  and  Opis. 
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Fig.  601.  —  Interior  of  the 
right  valve  of  Astarte  detrita. 


In  the  genus  Astarte  (fig.  601)  the  shell  is  thick,  and  usually 
concentrically  furrowed,  subtrigonal,  rounded,  or  oval  in  form, 
inequilateral,  and  usually  with  a  well- 
marked  "lunule."  The  ligament  is  ex- 
ternal, and  there  are  two  cardinal  hinge- 
teeth  in  each  valve,  the  front  tooth  of 
the  right  valve  being  large  and  thick. 
The  genus  Astarte  is  stated  to  occur  in 
the  Palaeozoic  series,  from  the  Silurian 
onwards ;  but  the  affinities  of  the  supposed 
ancient  representatives  of  this  type  are 
uncertain.  From  the  Mesozoic  deposits 
numerous  species  of  Astarte  have  been  ob-  J"'^''^^"^- 
tained,  and  the  genus  attained  its  maximum  development  at  this 
period.  The  Tertiary  species  are  fewer  in  number,  and  about  a 
score  of  living  species  are  known.  The  Carboniferous  genus 
Astartella  and  the  Cypricardella  {Microdon)  of  the 
Devonian  and  Carboniferous  rocks  appear  to  be 
related  to  Astarte.  The  genus  Fachydoinus,  of  the 
Devonian  rocks  of  Australia  and  Tasmania,  may, 
perhaps,  also  be  placed  in  this  family. 

Of  the  remaining  genera  of  the  Astartidce,  the 
only  one  which  need  be  specially  noticed  is  Opts, 
of  which  numerous  species  are  found  in  the  Triassic, 
Jurassic,  and  Cretaceous  rocks.  In  this  genus  the  shell  (fig.  602) 
is  heart-shaped  and  keeled,  with  prominent  incurved  beaks,  a 
distinct  lunule,  and  a  single  cardinal  tooth  in  each  valve. 

Family  7.  Crassatellid^.  —  The  general  characters  of  the 
animal  in  this  family  are   similar  to  those  in    the  Astartidce. 


Fig.  602. — Inte- 
rior of  the  right 
valve  of  OJits  bum- 
lata.  Jurassic. 


Fig.  603. — Crassatclla  fonderosa.    Eocene  Tertiary. 

The  shell  also  agrees  with  that  of  the  Astartidce  in  being  equi- 
valve,  massive,  and  subtrigonal,  with  a  distinct  "  lunule."  The 
shell  is,  however,  more  or  less  produced  posteriorly,  and  the  liga- 
ment is  lodged  in  an  internal  groove.  The  type  of  this  family 
is  Crassatella  itself  (fig.  603),  in  which  the  shell  is  thick,  solid,  and 
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ventncose,  attenuated  posteriorly,  and  having  a  concentrically  fur- 
rowed surface.  There  is  a  distinct  "  lunule,"  and  the  hinge  is  broad 
with  strong  cardinal  teeth  and  feebly  developed  lateral  teeth  while 
there  is  a  well-marked  pit  in  the  hinge-plate  of  each  valve  for  the 
reception  of  the  internal  ligament.  The  genus  is  marine-  the 
earliest  forms  appearing  in  the  Cretaceous  rocks,  while  numerous 
Tertiary  and  about  thirty-five  Recent  species  are  known.  The  Cre- 
taceous genus  Crassatellina  has  been  associated  with  Crassatella, 
but  it  agrees  with  the  Astartidce  in  having  an  external  ligament. 

Order  VI.  Erycinacea. 

This  order  is  defined  by  Fischer  as  comprising  marine  Bivalves, 
with  a  byssiferous  foot,  and  without  respiratory  siphons,  but  with  the 
exceptional  character  that  the  branchial  aperture  is  placed  anteriorly, 
in  front  of  the  pedal  opening,  instead  of  being  placed  posteriorly 
below  the  exhalant  or  anal  aperture.  The  shell  is  small  and  thin, 
equivalve,  free,  the  hinge  being  toothed  or  toothless,  and  an  internal 
cartilage-pit  and  generally  an  external  ligament  being  present.  There 
are  two  adductors,  and  the  pallial  line  is  entire.  This  order  includes 
the  two  small  families  of  the  Erycinidce  and  Galeommidce. 

Family  i.  Erycinid^.— The  shell  in  this  family  is  small  and  thin, 
oval  or  trigonal  in  form,  equivalve,  mostly  inequilateral,  and  smooth  or 
finely  striated.  The  hinge  carries  one  or  two  cardinal  teeth,  but  lateral 
teeth  are  not  constant.  The  internal  ligament  is  contained  in  an  oblique 
groove  between  the  hinge-plates  of  the  valves,  and  the  external  ligament 
is  feebly  developed. 

The  genus  Erycina  includes  a  large  number  of  small  shells  which  are 
found  in  Tertiary  deposits,  and  are  specially  abundant  in  the  Eocene 
rocks.  A  single  species  has  been  described  from  the  Cretaceous  rocks 
of  North  America.  Very  closely  related  to  Erycina,  if  generically  separ- 
able from  it,  is  the  genus  Kellia,  which  is  not  known  in  the  fossil  condi- 
tion (as  distinct  from  the  preceding).  Related  genera  are  Lepton  and 
Montaciita,  both  of  which  are  known  by  Tertiary  forms,  and  still  survive. 

Family  2.  Galeommid^. — In  this  family  the  shell  is  small,  thin,  equi- 
valve, and  subequilateral,  and  is  more  or  less  gaping.  The  hinge  may 
be  edentulous,  or  may  be  provided  with  one  or  two  teeth  ;  and  the  liga- 
ment is  internal,  and  is  lodged  in  a  median  pit.  All  the  forms  included  in 
this  family  are  marine,  the  two  principal  genera  being  Galcojiuna  and 
Scintilla,  both  of  which  are  represented  by  living  forms.  The  oldest 
species  of  Galeomma  are  found  in  the  Pliocene  deposits,  while  Sciniilla 
appears  as  early  as  the  Eocene. 

Order  VII.  Cardiacea. 

The  Lamellibranchs  included  in  this  order  are  inhabitants  of  the 
sea  or  of  brackish  water,  and  possess  a  byssiferous  or  grooved  foot ; 
while  there  are  two  adductor  muscles.    (According  to  the  views  of 
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some  malacologists,  Tridacna  is  monomyary.)  The  shell  is  equi- 
valve  and  thick,  the  hinge  with  or  without  teeth,  the  ligament  exter- 
nal, and  the  pallial  line  simple  or  slightly  indented.  This  division 
includes  the  two  principal  families  of  the  Tridacnida  and  Cardiidce. 

Family  i.  Tridacnid^. — In  this  family  the  shell  is  equivalve, 
thick,  not  nacreous  internally,  and  usually  truncated  or  gaping  in 
front,  the  ventral  margin  being  undulated  or  dentate,  and  the  sur- 
face ribbed.  The  hinge  has  a  single  cardinal  tooth  and  one  or  two 
posterior  lateral  teeth  in  each  valve,  and  the  ligament  is  external. 
The  foot  is  finger-like  and  usually  secretes  a  byssus ;  the  mantle- 
lobes  are  extensively  united ;  and  the  impressions  of  the  adductors 
are  blended  together  and  are  subcentral  in  position.  (According  to 
some  authorities,  the  anterior  adductor  is  really  absent.) 

In  the  genus  Tridacna  itself  (fig.  604)  the  shell  is  massive,  of 
large  size,  and  subtrigonal  in  form ;  and  there  is  a  wide  byssal  aper- 
ture just  in  front  of  the  beaks.    On  the  other  hand,  in  the  closely 


Fig.  604. — Tridacna  media.   Tertiary.    Interior  of  right  valve. 


allied  Hippopus  the  shell  is  closed,  and  the  pedal  aperture  is  only 
indicated  by  small  serrations  of  the  margin  of  the  valves.  Tridacna 
is  only  known  in  a  fossil  condition  by  a  few  species  from  the  later 
Tertiaries.  The  Palaeozoic  Eurydesma  has  also  been  referred  to  this 
family. 

Family  2.  Cardiid^. — In  this  family  are  included  the  "  Cockles," 
in  which  the  mantle  is  open  in  front  to  allow  of  the  passage  of  a 
large  and  sickle-shaped  foot,  while  it  is  closed  behind  and  gives 
origin  to  two  longer  or  shorter  siphons.  The  shell  is  equivalve  and 
is  not  nacreous,  usually  heart-shaped  in  form,  with  radiating  ribs, 
and  with  the  ventral  margin  toothed  or  wavy.  The  ligament  is  ex- 
ternal, and  the  hinge  carries  one  or  two  cardinal  teeth  in  each  valve, 
usually  with  lateral  teeth  as  well.  There  are  two  adductor-muscles, 
and  the  pallial  line  is  entire  or  slightly  indented. 

In  the  genus  Carditim  are  comprised  the  true  Cockles,  in  which 
the  shell  is  ventricose,  the  beaks  pronounced,  and  placed  nearly  in 
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the  centre  of  the  dorsal  margin,  the  margins  crenated,  and  the 
palhal  hne  more  or  less  indented.  The  surface  is  adorned  with 
radial  ribs  or  striae,  which  often  carry  spines.  A  very  large  number 
of  recent  species  of  Cardium  are  known,  and  between  three  and 
four  hundred  fossil  forms  have  been  referred  here.  Certain  Pale- 
ozoic types  have  been  placed  under  this  head,  but  the  affinities  of 
these  are  doubtful.  On  the  other  hand,  the  genus  is  largely  repre- 
sented by  undoubted  types  throughout  the  Mesozoic  and  Kainozoic 
series.  The  genus  Cardimji  has  been  broken  up  into  numerous 
minor  groups,  most  of  which  can  be  with  difficulty,  or  not  at  all, 
recognised  in  the  fossil  condition.  Papyridea,  Lcevicardium,  and 
Lithocardium  are  Secondary  to  Recent  types  closely  allied  to  Car- 
dium proper.    Protocardia  (fig.  605)  has  the  posterior  slope  of  the 

shell  radiately  ribbed,  while 
the  rest  of  the  shell  is  con- 
centrically striated.  Hemi- 
cardium  has  keeled  valves, 
the  shell  appearing  cordate 
as  viewed  from  behind  or  in 
front.  Ly7miocardium  and 
Adacna  include  brackish- 
water  andfresh-water  Cockles, 

r.^^.(.os.-Cardiu.,iProtocardia)Hillanu,n.         ^"  ^^ich   the  Cardinal  tCCth 

Upper  Greensand.  are  Small  or  obsoletc ;  and 

the  species  of  the  former  are 
common  in  some  of  the  fluviatile  and  estuarine  deposits  of  the 
Upper  Tertiary  period.  The  recent  species  of  Adacna  are  found 
abundantly  in  the  Black  Sea  and  Caspian  Sea,  and  in  the  Sea  of 
Aral,  often  in  quite  brackish  water,  and  the  fossil  species  are  extra- 
ordinarily plentiful  in  the  Tertiary  deposits  of  Austria,  Hungary,  and 
Southern  Russia.  The  genus  is  remarkable  for  the  exceeding  vari- 
ability of  the  hinge  as  regards  the  number  of  teeth.  Byssocardium, 
again,  includes  Eocene  and  Miocene  Cockles,  in  which  the  shell  is 
truncated  anteriorly,  and  possesses  a  large  byssal  sinus. 

The  most  remarkable  of  the  early  types  of  the  Cardiida  is  the 
genus  Conocardiiim  (  =  Pleur or hy fichus),  which  ranges  from  the  Or- 
dovician  to  the  Carboniferous,  but  is  specially  characteristic  of  the 
Devonian  and  Carboniferous  formations.  The  shell  in  this  genus 
(fig.  606)  is  keeled,  and  very  oblique,  the  anterior  end  (sometimes 
regarded  as  the  posterior  end)  of  the  shell  being  short  and  abruptly 
truncated,  so  as  to  appear  as  a  cordate  flattened  area  when  the 
shell  is  viewed  from  the  front.  Just  below  the  beaks  the  shell  is 
produced  anteriorly  into  a  long  cylindrical  tubular  projection  or 
beak.  Posteriorly  the  shell  is  elongated  and  contracted,  the  valves 
being  widely  deficient  or  gaping  at  the  extremity.     The  hinge-line 
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is  long  and  straight ;  and  two  cardinal  teeth,  with  a  hinder  lateral 
one,  appear  to  be  present. 

F'VMiLY  3.  LuNULiCARDiiD^.— This  family  is  one  of  very  uncertain 
value,  and  embraces  only  the  imperfectly  understood  genus  Lunuli- 
cardium  of  Miinster.  In  this  genus  the  shell  is  obliquely  oval, 
equivalve,  and  inequilateral,  the  surface  being  adorned  with  radiat- 
ing ribs.    The  anterior  end  of  the  shell  is  truncated,  and  the  pos- 


Fig.  606.— A,  Conocarduim  giganteum,  showing  the  truncate  anterior  and  produced  posterior 
end  of  the  shell,  with  the  tubular  prolongation  of  the  former ;  B,  Conocardium  inflatum,  viewed 
from  above  :  c.  The  same  viewed  laterally.    Carboniferous.    (After  M'Coy.) 

terior  end  is  sub-alate.  The  cardinal  line  is  "  marked  by  a  lunate 
hiatus  in  each  valve,  which  was  probably  occupied  by  the  ligament " 
(Hall).  The  hinge  and  muscular  markings  are  unknown.  In  this 
genus,  as  in  Conocardiutn,  the  truncated  end  of  the  shell  is  some- 
times regarded  as  the  posterior  end.  The  species  of  Lunuiicardium 
are  found  in  the  Silurian  and  Devonian  rocks,  being  very  abundant 
in  the  Silurian  rocks  of  Bohemia. 

Order  VIII.  Chamacea. 

In  this  order,  represented  at  the  present  day  by  the  single  genus 
Chama,  the  mantle  is  closed,  the  mantle-cavity  communicating  with 
the  exterior  by  apertures  for  the  foot  and  for  the  in-going  and  out- 


730 


LAMELLIBRANCHIATA. 


going  currents  of  water;  and  the  foot  is  rudimentary.  The  shell  is 
irregular,  very  inequivalve,  always  attached  to  foreign  objects  by  the 
substance  of  one  valve.  In  structure,  the  shell  is  thick,  and  consists 
of  an  internal  porcellanous  and  an  external  prismatic  layer,  often 
with  special  and  remarkable  modifications  in  particular  types.  The 
hinge  is  thick,  and  is  provided  with  cardinal  teeth,  but  lateral  teeth 
are  wanting.  The  ligament  may  be  external  or  internal,  or  is  want- 
ing altogether.  The  pallial  line  is  entire,  and  the  two  adductors 
leave  well-marked  scars,  or  may  be  inserted  upon  special  internal 
calcareous  septa.  This  order  includes  the  two  families  of  the 
ChatnidcR  and  the  Rudista. 

Family  i.  Chamid^.— In  this  family  the  shell  is  inequivalve, 
and  is  generally  attached  to  foreign  objects  by  the  substance  of  one 
of  the  valves.  The  ligament  is  normally  external,  and  lies  in  a  deep 
groove,  but  it  may  become  more  or  less  completely  concealed  from 
view.  The  hinge  is  massive,  and  usually  carries  two  teeth  in  one 
valve  and  one  in  the  other.  The  adductor  impressions  are  very 
large,  and  the  pallial  line  is  entire.  The  family  includes  the  single 
recent  genus  Chama,  together  with  a  number  of  exceedingly  remark- 
able Mesozoic  Bivalves,  such  as  Diceras,  Reqiiienia,  Moiiopleura, 
Caprina,  Caprotina,  &c.  The  structure  of  these  latter  is,  however, 
so  complicated  that  they  cannot  be  advantageously  treated  of  here 
except  in  an  exceedingly  brief  manner ;  since  a  full  understanding 
of  their  characters  can  only  be  obtained  by  the  examination  of 
actual  specimens. 

In  the  genus  Chama  (fig.  607)  the  shell  is  attached  to  foreign 
objects  by  the  beak  of  the  left  valve,  or,  more  rarely,  by  that  of 
the  right  valve.    The  beaks  of  both  valves  are  incurved  and  are 

directed  anteriorly.  The  free  valve  is  the 
smallest,  and  the  surface  of  both  valves  is 
furnished  with  foliaceous  expansions,  derived 
from  a  thick  external  prismatic  layer,  below 
which  is  situated  an  internal  porcellanous 
layer.  The  massive  hinge  usually  carries  a 
single  tooth  in  the  free  valve,  articulating 
with  two  teeth  in  the  attached  valve.  The 
recent  species  of  Chama  are  all  inhabitants 
of  the  sea.  The  fossil  species  commence 
in  the  Cretaceous  rocks,  a  number  of  forms 
being  found  in  the  Tertiary  deposits. 

In  the  genus  Requienia  (fig.  608)  the  shell 
is  exceedingly  inequivalve,  the  right  valve 
being  small,  subspiral,  and  operculiform,  while  the  left  valve  is  of 
large  size  and  is  spirally  rolled  up,  its  beak  serving  for  the  attach- 
ment of  the  shell  to  some  foreign  body.    The  ligament  is  external, 


.   ,.  -Interior  of  the 

attacned  valve  of  Cliaiiia  la- 
mellosa.    Eocene  Tertiary. 
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and  is  prolonged  on  the  outside  of  the  left  valve  to  its  beak;  and 
the  hinge  is  edentulous  or  has  a  single  tooth.  The  genus  is  distin- 
guished from  Chama  by  its  generally  smooth  or  striated  surface,  and 
the  want  of  the  foliaceous  expansions  of  the  latter.  The  species  of 
Reqtiienia  are  exclusively  confined  to  the  Cretaceous  period. 

In  the  genus  Diceras  (fig.  609)  the  shell  is  slightly  inequivalve, 
the  beaks  being  very  prominent  and  spirally  rolled  up  in  both  valves. 


Fig.  608.  —  Requienia 
avzjjionia^  one  -  fourth  of 
the  natural  size,  a.  Point 
of  attachment.  Cretaceous 
roclis.    (After  Woodward.) 


Fig.  6og. 


-Diceras  arieiina.  Upper 
Jurassic. 


Either  the  right  or  the  left  valve  may  be  the  largest,  and  in  that  case 
serves  for  the  attachment  of  the  shell  to  foreign  bodies  by  means  of 
the  umbo.  The  ligament  is  external,  and  is  prolonged  to  the  apices 
of  the  beaks  in  external  furrows.  The  hinge  is  very  thick,  with  prom- 
inent teeth  (two  in  one  valve  and  one  in  the  other) ;  and  the 
muscular  impressions  are  bounded  by  long  spiral 
ridges.  The  species  of  Diceras  are  exclusively 
confined  to  the  Middle  and  Upper  Jurassic 
rocks,  abounding  especially,  in  some  regions,  in 
beds  of  the  age  of  the  Coral-rag  of  Britain. 

In  the  genus  Monopleura  (fig.  610)  the  shell 
is  very  inequivalve,  and  is  fixed  by  the  apex  of 
the  right  valve,  which  is  the  larger  of  the  two, 
and  is  conical  in  form,  being  either  straight,  or 
more  or  less  spirally  inrolled.  The  left  valve 
is  small,  and  either  flat  or  widely  conical,  with 
a  submarginal  umbo.  The  ligament  is  pro- 
longed externally  in  grooves,  which  run  to  the 
beaks  in  each  valve.  The  surface  is  generally 
radially  striated.  The  species  of  this  genus  are 
wholly  confined  to  the  Cretaceous  rocks,  and  principally  characterise 
the  lower  division  of  this  formation.  Closely  allied  to  Mojiopleura, 
and  also  confined  to  the  Cretaceous  rocks,  is  the  genus  Caproiina. 


Fig.  610. — Monofikura 
trilobata,  of  the  natural 
size,  viewed  from  behind. 
Cretaceous  rocks. 
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Here  also  must  be  placed  the  remarkable  Cretaceous  genera 
Caprina,  Plagioptychus  {=  CaJ>rina  in.  part),  and  Ichthyosarcolites 
{=Caprinella  and  Caprinula),  in  all  of  which  the  shell  (fig.  6ii) 
IS  very  inequivalve,  thick-walled,  and  either  fixed  by  the  apex  of 
the  right  valve,  or,  in  some  cases,  free.  In  all  these  forms  the 
shell-structure  consists  of  a  thin  external  prismatic  layer,  and  a 
greatly  developed  internal  laminated  or  porcellanous  layer,  the 
laminae  of  which  may  be  more  or  less  extensively  separated  by 
vacant  spaces  (the  so-called  "  water-chambers  ").  In  the  substance 
of  the  left  valve  in  these  genera  there  is,  further,  developed  a 


Fig.  tw.—Plagiopiychus  {Cafirina)  Aguilloni.    The  right-hand  figure  shows  the 
interior  of  the  left  valve. 

system  of  radial  canals  which  run  from  the  beak  to  the  free 
margin  of  the  valve,  where  they  terminate  in  foramina,  and  which 
are  sometimes  simple  and  sometimes  complex  in  their  arrangement. 

Family  2.  Rudist^e  {Hippuritida). — In  this  family  the  shell  is 
very  inequivalve  (fig.  612),  unsymmetrical,  massive,  the  two  valves 
being  dissimilar  in  structure  and  sculpturing.  The  shell  is  attached 
by  the  apex  of  the  elongated  right  valve,  which  is  conical  in  form ; 
while  the  left  valve  is  depressed,  often  operculiform,  and  has  a 
central  umbo.  There  is  no  ligament ;  but  the  free  upper  valve  is 
fixed  into  the  conical  lower  valve  by  powerful  teeth  and  processes, 
and  is  only  capable  of  movement  in  a  vertical  direction.  There  are 
two  large  adductor  impressions,  those  of  the  left  valve  being  upon 
prominent  apophyses.    The  pallial  line  is  simple  and  submarginal. 

The  shell-structure  in  the  Hippuritidce  is  exceedingly  peculiar,  and  has 
been  described  by  Zittel  as  follows  :  "  The  lower  valve  consists  of  two 
layers,  the  outer  of  which  is  formed  of  perpendicular  prisms  ha\  ing  a 
direction  parallel  to  the  long  axis  of  the  shell,  and  intersected  by  numer- 
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ous  transverse  lamella,  which  are  horizontal,  or  are  directed  somewhat 
obhquely  outwards  and  upwards,  the  intersection  of  the  two  series  giving 
rise  to  a  lattice-hke  structure  (fig.  614).  The  shell  splits  easily  along  the 
line  of  these  transverse  lamella,  the  upper  surfaces  of  vyhich— as  also  ot 
the  thickened  upper  margin  of  the  shell— exhibit  radially  disposed  vas- 
cular impressions.  The  inner  stratum  of  the  shell  is  white,  porcellanous 
and  laminated  in  structure.  Sometimes  the  parallel  lamelL^  are  sepa- 
rated by  vacant  spaces  (fig.  613),  thus  giving  rise  to  intervening  lacunae 
('  water-chambers ').  This  is  especially  the  case  in  Hippirntes,  m  which 
the  greater  portion  of  the  conical  lower  valve  is  formed  by  the  inner 
shell-layer.  The  two  shell-layers  separate  readily  from  one  another ;  and 


Fig.  6i2.  —  Hifipurites  Toiicnsi- 
anus,  A  large  individual,  with  two 
smaller  ones  attached  to  it.  Creta- 
ceous. 


Fig.  613.— Vertical  .section  of  a 
broken  shell  ai  Hippurites  organ- 
isa>!s,  without  the  body-chaml>er, 
showing  the  horizontal  partitions 
and  intervening  spaces  ("water- 
chambers"),  of  the  natural  size. 
(After  Zittel.) 


as  the  inner  one,  at  least  in  Spharulites  and  Radiolites^  resists  destruc- 
tion during  fossilisation  less  completely  than  the  outer  one,  it  commonly 
happens  that  only  the  outer  layer  is  preserved,  and  the  mould  of  the 
body-chamber  appears  to  be  separated  from  the  latter  by  a  vacant  space. 
Still  more  commonly,  the  inner  layer  has  undergone  transformation,  and 
has  been  replaced  by  crystalline  calcite.  The  upper  \zl\x&  consists,  like 
the  lower  one,  of  two  layers,  but  the  cellulo-prismatic  outer  stratum  is 
mostly  of  small  thickness,  and  in  Hippurites  is  traversed  by  a  compli- 
cated system  of  canals,  while  the  inner  porcellanous  and  laminated  layer 
is  frequently  converted  into  crystalline  calcite."  It  is  usually  supposed 
that  the  outer  layer  of  the  shell  in  the  Hippuritidce  corresponds  with  the 
external  prismatic  layer  in  such  Bivalves  as  Pinna;  but  it  differs  from 
the  latter  in  the  great  size  of  the  component  prisms,  and  in  the  fact  that 
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these  are  directed  parallel  to  the  surface  of  the  shell  instead  of  perpen- 
dicular  to  the  surface.  Moreover,  the  intersection  of  the  prisms  by  hori- 
zontal or  obhque  lamelte  gives  rise  to  an  altogether  uSq  ?  vesicular 
structure.    Further  the  prisms  in  the  outer  shell-layer  in  the  ordina?^ 

nrnhnl?  '"^'^J  -"^'rf  f  ^"  ^''^  Hippuriiidce  they  are  hollow,  and  we^^ 
probably  occupied  in  hfe  by  some  organic  infilhng. 

The  shell  oi  Hippurites  (fig.  612)  is  inversely  conical  or  cylin- 
drical, and  sometimes  attains  a  length  of  two  or  three  feet.  The 
shell  is  attached  by  the  larger  conical  valve,  and  is  closed  by  a  small 
depressed  free  valve,  with  a  central  umbo.  In  Radiolites  the  shell 
IS  inversely  conical,  bi-conical,  or  cylindrical,  with  dissimilar  valves. 
The  upper  valve  is  sometimes  flat,  sometimes  conical,  and  has  a 


Fig.  614  —Minute  structure  of  the  shell  of  Spharulites  (.Radiolites)  Moyfoni,  from  the  Upper 
Greensand,  Cambridge.  A,  Transverse  section,  enlarged  ten  times,  showing  the  large  hollow 
prisms  of  the  outer  layer  (;)  transversely  divided,  the  thin  inner  layer  (a)  being  converted  into 
crystalline  calcite ;  B,  Vertical  section,  similarly  enlarged,  showing  the  prisms  of  the  outer  layer 
with  their  intersecting  cross-partitions.  (Original.) 


central  or  lateral  umbo.  The  external  shell-layer  in  the  lower  valve 
is  exceedingly  thick,  and  is  made  up  of  hollow  calcareous  prisms, 
which  run  parallel  with  the  surface  and  are  intersected  by  close-set 
oblique  transverse  plates  (fig.  614);  while  the  inner  shell-layer  is 
comparatively  thin.  In  the  typical  forms  of  Radiolites  the  lower 
valve  commonly  exhibits  on  one  side  two  bands  running  from  the 
beak  to  the  upper  margin,  which  are  smooth  or  striated  differently 
from  the  rest  of  the  valve.  In  the  closely  allied  genus  Spharulites 
these  bands  are  wanting. 

The  Rudistce  are  not  only  entirely  extinct,  but  are  exclusively 
restricted  to  rocks  of  Cretaceous  age,  being  especially  characteristic 
of  the  middle  and  upper  divisions  of  this  formation,  particular  types 
commonly  being  confined  to  special  stratigraphical  horizons.  The 
Cretaceous  deposits  of  Britain,  Europe,  Algeria,  Asia  Minor,  Persia, 
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and  North  America  have  yielded  the  remains  of  these  singular 
Molluscs;  but  they  are  especially  abundant  in  Southern  Europe, 
where  they  often  give  rise  to  great  beds  of  marble  ("  Hippurite 
Limestones,"  "  Rudisten-Kalk  ").  In  all  the  Rudistce  the  two  valves 
of  the  shell  are  more  or  less  conspicuously  dissimilar  in  shape  and 
size,  and  often  in  external  sculpturing  or  internal  structure.  They 
appear  to  have  lived  in  shallow  water,  and  to  have  grown  in  great 
beds  or  banks,  much  as  Oysters  do. 

Order  IX.  Conchacea. 

In  this  order,  the  inhalant  and  exhalant  openings  of  the  mantle 
are  usually  prolonged  into  siphons ;  the  foot  may  or  may  not  be 
byssiferous ;  and  there  are  two  adductor  muscles.  The  shell  is 
equivalve,  regular,  and  free ;  the  ligament  is  almost  always  external ; 
the  hinge  has  cardinal  teeth,  generally  with  lateral  teeth  as  well ; 
and  the  pallial  line  is  usually  sinuated,  but  may  be  entire.  The 
Bivalves  included  in  this  order  are  mostly  marine,  but  sometimes 
inhabit  brackish  or  fresh  waters.  The  principal  families  included 
under  this  head  by  Fischer  are  the  Megalodontida,  Cyprinidce, 
Venerida,  Cyrenidce,  U?iguHnidce,  Unicardiidce,  Tancrediidce,  Don- 
acidcB,  Psammobiida^  and  Solenida. 

Family  i.  Megalodontid^. — In  this  family  the  shell  (fig.  615)  is 
equivalve,  very  thick,  and  mostly  smooth  or  concentrically  striated, 


Fig.  61s.— Megalodon  cucullatus,  from  the  Middle  Devonian  of  Paffralh.  (After  Zittel.) 


the  beaks  being  turned  to  the  anterior  side  of  the  shell.  The  hinge- 
plate  is  very  broad,  each  valve  carrying  one  or  two  strong  cardinal 
teeth,  with  feebly  developed  lateral  teeth.  The  ligament  is  external, 
and  the  posterior  adductor  impression  is  placed  upon  a  more  or  less 
prominent  ridge.  All  the  genera  of  this  family  are  extinct,  the  prin- 
cipal type  being  Megalodon  itself.    In  this  genus  (fig.  615)  the  shell 
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is  massive,  with  subspiral  beaks  and  an  external  ligament.  The  right 
valve  has  two  striated  cardinal  teeth,  and  the  left  valve  has  one,  par- 
tially-divided cardinal  tooth.  The  species  of  Megalodon  range  'from 
the  Devonian  to  the  Trias,  a  familiar  species  being  the  M.  cucul- 
latus  of  the  Middle  Devonian  rocks.  Allied  to  the  preceding  is  the 
Jurassic  genus  Fachyrisma,  in  which  the  shell  is  thick  and  pon- 
derous, and  the  umbones  are  subspiral. 

Family  2.  Cyprinid^. — In  this  family  the  mantle-lobes  are  united 
behind  by  a  curtain  pierced  by  two  siphonal  orifices,  and  the  foot  is 
thick  and  tongue-shaped.    The  shell  is  equivalve,  thick,  the  beaks 

directed  anteriorly  and  often  inrolled, 
and  the  hinge  is  furnished  with  cardinal 
and  lateral  teeth.  The  ligament  is  ex- 
ternal, and  the  pallial  line  is  entire. 

The  principal  genus  in  this  family  is 
Cyprma  itself,  in  which  the  shell  is 
large,  strong,  and  rounded,  with  a  thick 
epidermis,  and  a  strong  external  liga- 
ment. The  hinge  carries  two  cardinal 
teeth  in  each  valve,  with  a  single  lateral 
tooth  posteriorly,  and  variably  developed 
anterior  lateral  teeth  (fig.  616).  The 
genus  Cyprina  is  represented  in  recent 
seas  by  the  familiar  C.  Islandica^  and 
there  are  numerous  Secondary  and  Ter- 
tiary species,  commencing  in  the  Lias. 

The  genus  Isocardia  (fig.  617)  comprises  the  "Heart-cockles," 
in  which  the  shell  is  cordiform  and  inflated,  and  the  beaks  are 

The  ligament  splits  in  front,  and  is  con- 
tinued in  two  separate  furrows  as  far 
as  the  beaks.  The  hinge  in  each  valve 
possesses  two  cardinal  teeth  and  a  pos- 
terior lateral  tooth.  The  genus  Isocardia 
is  represented  by  living  forms,  and  the  fossil 
species  date  from  the  Jurassic  rocks. 
Most  of  the  Jurassic  "  Heart  -  cockles," 
however,  belong  to  the  related  genus  Atiiso- 
cardia,  in  which  the  beaks  are  approximated 
and  the  ligament  is  not  .split. 

Cypricardia  {=Trapeziuvi)  has  a  trapezoi- 
dal shell,  usually  radiately  striated,  the  hinge 
with  three  radiating  cardinal  teeth  and  a  pos- 
terior lateral  tooth  in  each  valve,  and  the  posterior  side  often  keeled. 
The  true  Cypricardicc  are  probably  wholly  Mesozoic  and  Kainozoic,  and 
a  few  recent  species  of  the  genus  are  known.  It  is  possible,  however, 
that  the  Palaeozoic  genera  Cypricardinia  (Silurian  to  Carboniferous)  and 


Fig.  616. — A,  Hinge  of  Cyprina 
twnida,  Pliocene;  n,  Hinge  of  Cyp- 
rina Saussuri,  Cretaceous. 


remote  and  subspiral. 


Fig.  617, 


— Isocardia  crassa. 
Pliocene. 
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Goniophora  (Silurian  and  Devonian)  should  find  a  place  in  the  neigh- 
bourhood of  Cypricardia. 

Family  3.  VENERiDiE. — In  this  family  the  animal  is  free  and 
locomotive ;  the  mantle  has  a  large  anterior  opening  for  the  foot ; 
and  respiratory  siphons,  which  may  be  separate  or  more  or  less 
united,  are  developed.  The  foot  is  tongue-shaped  and  compressed, 
in  some  cases  grooved  and  byssiferous.  The  shell  (fig.  618)  is 
regular,  suborbicular  or  oblong,  equivalve,  and  furnished  with  an 
external  ligament.  The  hinge  usually  carries  three  diverging  car- 
dinal teeth,  and  the  development  of  the  lateral  teeth  is  variable. 
The  pallial  line  usually  shows  a  deeper  or  shallower  sinus,  but  in 
some  cases  is  entire.'  The  Veneridce.  are  all  marine,  and  the  family 
includes  some  of  the  most  highly  organised  and  most  beautifully 


Fig.  618. — Venus  cincta,  from  the  Miocene  rocks  of  Austria.    (After  Zittel.) 


coloured  examples  of  the  entire  class  of  the  Lamellibranchiata.  No 
Palaeozoic  representatives  of  the  family  have  been  as  yet  detected. 

In  the  genus  Venus  (fig.  6 1 8)  the  shell  varies  greatly  in  form  and 
in  surface-ornamentation,  and  is  principally  distinguished  by  its  wide 
hinge-plate,  furnished  in  each  valve  with  three  diverging  cardinal 
teeth.  The  genus,  in  its  typical  form,  appears  to  begin  in  the 
Jurassic  rocks,  and  the  Tertiary  rocks  have  yielded  a  large  number 
of  forms,  while  about  two  hundred  species  are  known  to  exist  at  the 
present  day.  Very  nearly  related  to  Ve7ius  is  the  genus  Cytherea 
{Meretrix),  which  is  largely  represented  at  the  present  day,  and  has 
numerous  fossil  forms,  commencing  in  the  Jurassic  rocks. 

In  the  genus  Dositiia  {Artemis)  the  shell  is  orbicular,  compressed, 
and  concentrically-striated,  with  a  deep  "  lunule  "  and  a  deep  and 
pointed  pallial  sinus  (fig.  556,  b).  The  earliest  fossil  forms  appear 
m  the  Cretaceous  rocks.  Venerupis,  again,  has  the  shell  radiately 
ribbed,  and  at  the  same  time  furnished  with  concentric  ridges,  the 
general  form  of  the  shell  being  oblong.  In  Tapes,  lastly,  the  shell 
IS  oblong,  with  anteriorly  placed  beaks,  a  concentrically-striated 
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surface,  and  a  broad  pallial  sinus.  The  genus  is  known  by  Cre- 
taceous, Tertiary,  and  Recent  species. 

In  the  singular  genus  Thetis,  now  usually  included  here,  the  shell 
is  gibbous  and  very  thin,  and  there  is  an  exceedingly  deep,  angular, 
pallial  sinus,  which  extends  nearly  to  the  beaks.  The  known  species 
of  this  genus  are  found  in  the  Cretaceous  rocks.  Finally,  the  genus 
Petricola,  now  usually  regarded  as  the  type  of  a  separate  family, 
comprises  Bivalves  which  differ  from  the  Veneridce  in  their  habit  of 
burrowing  into  rocks  or  sand,  or  in  being  fixed  into  crevices  by  a 
byssus.  The  shell  in  this  genus  is  thin  and  tumid,  with  a  short 
anterior  side  and  a  deep  pallial  sinus.  The  range  of  the  genus  is 
from  the  Cretaceous  period  to  the  present  day. 

Family  4.  CvRENiDiE. — In  this  family  the  mantle  is  open  in 
front ;  a  single  siphon  is  present,  or,  more  usually,  two  more  or  less 
united  ;  and  the  foot  is  large  and  tongue-shaped.  The  shell  is  sub- 
orbicular,  closed,  with  a  thick  epidermis  and  a  concentrically-striated 
surface,  the  hinge  with  cardinal  and  lateral  teeth,  and  the  ligament 
external.  The  pallial  line  is  simple  or  slightly  sinuated.  The 
members  of  this  family  inhabit  fresh  or  brackish  waters,  and  their 
remains  are  commonly  found  in  estuarine  or  lacustrine  deposits  of 
Mesozoic  and  Tertiary  age. 

In  the  genus  Cyrena  (fig.  619)  the  shell  is  thick,  and  rounded 
or  subtrigonal,  the  beaks  being  commonly  eroded.  The  hinge  in 
each  valve  has  three  cardinal  teeth,  and  a  single  lateral  tooth  in 

front  and  behind.    The  forms 
which  are  included  under  the 
name  of  Corbicula  differ  from 
,  Cyrena  proper  principally  in 

v(  the  fact  that  the  lateral  teeth 

s^'  ^^^^      are  elongated  and  are  trans- 

Fig  ti<).-Cyrc,iaaniiqua.    Eocene.  VCrSCly  Striated.      The  OldcSt 

representatives  of  these  two 
types  appear  in  the  Jurassic  rocks,  and  there  are  numerous  living 
forms,  the  Cretaceous  and  Tertiary  rocks  having  also  yielded  many 
characteristic  species. 

The  genus  Sphceriuni  {Cydas)  comprises  fresh-water  forms  in 
which  the  shell  is  of  small  size,  thin,  more  or  less  orbicular,  and 
nearly  equilateral.  The  right  valve  has  one  cardinal  tooth,  often 
bifid,  and  the  left  valve  has  two.  The  genus  Pisidium  differs  from 
the  preceding  in  little  except  that  the  shell  is  inequilateral,  the 
anterior  side  being  the  longest.  Both  these  types  are  now  in  ex- 
istence, and  the  earliest  fossil  forms  commence  in  the  Eocene 
Tertiary. 

Family  5.  Ungulinid/E. — In  this  family  the  mantle-lobes  are  free ; 
and  the  foot  is  long  and  vermiform,  and  does  not  secrete  a  byssus.  Tlie 
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shell  is  equivalve,  slightly  inequilateral,  orbicular  in  form,  and  more  or 
less  tumid.  The  hinge  has  usually  two  cardinal  teeth  in  each  valve, 
without  lateral  teeth.  The  Hgament  is  wholly  or  partially  internal,  and 
the  pallial  line  is  entire. 

The  type-genus  of  this  little  group  is  Ungulina,  which  is  represented 
by  living  species  and  by  a  few  Tertiary  forms. 

Family  6.  Unicardiid^.  —  In  this  family  the  shell  is  equivalve, 
slightly  inequilateral,  oval  or  rounded,  and  concentrically  striated.  The 
hinge  carries  a  single  cardinal  tooth  in  each  valve  ;  the  ligament  is  lodged 
in  an  external  marginal  groove  ;  the  adductor  impressions  are  elliptical ; 
and  the  pallial  line  is  entire.  The  genus  Unicardiuni  is  the  type  of  this 
family,  and  its  species  range  from  the  Trias  to  the  Chalk.  Fischer 
also  includes  here  his  genus  Pseiededmondia,  of  the  Carboniferous  rocks, 
founded  for  the  reception  of  certain  forms  of  Edmondia  in  which  the  liga- 
ment is  external,  and  is  placed  in  a  marginal  groove. 

Family  7.  Tancrediid^. — This  family  includes  transversely  triangu- 
lar shells,  resemljling  Dojiax  in  form,  with  an  external  ligament,  and  an 
entire  pallial  line.  The  hinge  has  in  each  valve  two  cardinal  teeth  (some- 
times only  a  single  tooth  in  one  valve),  with  lateral  teeth  as  well,  at  any 
rate  posteriorly.  The  type  of  this  family  is  the  extinct  genus  Taiicredia, 
in  which  the  shell  is  attenuated  in  front,  and  obliquely  truncated  behind. 
The  species  of  this  genus  range  from  the  Trias  to  the  Chalk. 


Family  8.  Donacid^. — In  this  family  the  animal  is  marine  or 
estuarine  in  habit,  with  a  large  foot,  and  short  separate  siphons. 
The  shell  is  equivalve,  more  or  less  wedge- 
shaped,  close,  and  non -nacreous.  The 
hinge  carries  one  or  two  cardinal  teeth  in 
each  valve,  with  inconstant  lateral  teeth  ; 
the  ligament  is  external ;  and  the  pallial 
line  is  deeply  indented. 

In  the  genus  Donax  (fig.  620),  the  shell  ,      ,  ,  . 

,        Y  ^       1        r  ,    ■■  ' 'S    620. —  Interior   of  the 

IS  wedge-shaped,  the  front  rounded  and  ■''ght  valve  of  Doimx  rctusa. 
produced,  and  the  posterior  side  short  and 

obliquely  truncated.  There  are  numerous  living  species  of  this 
genus,  and  a  small  number  of  fossil  forms,  the  oldest  undoubted 
types  appearing  in  the  Eocene  deposits.  The  Jurassic  genus 
Isodonta  [Soiverbya)  may  be  placed 
in  the  neighbourhood  of  Donax. 

Family  9.  Psammobiid^. — This 
family  includes  marine  Bivalves, 
with  long  separate  siphons  and  a 
tongue -shaped  foot.  The  shell  is 
transversely  elongated,  equivalve, 
sub-equilateral,  slightly  gaping  at 
both  ends,  with  an  external  ligament,  and  a  deeply  sinuated  pallial 
line  (fig.  621).  The  hinge  usually  carries  two  cardinal  teeth  in 
each  valve,  but  there  are  no  lateral  teeth. 

The  type  of  this  family  is  the  genus  Psainmobia,  in  which  the 


Fig.  621. — Interior  of  the  right  valve  of 
Psamttwbia  rudis.  Eocene. 
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shell  is  oblong,  compressed,  and  nearly  equilateral  (fig.  621). 
There  are  many  recent  species  of  this  genus,  together  with  a 
moderate  number  of  Tertiary  forms,  but  the  earliest  appearance  of 
the  genus  seems  to  be  in  the  Cretaceous  rocks.  The  Jurassic 
genus  Quenstedda  appears  to  be  nearly  allied  to  Psanwiobia. 

Family  10.  Solenid^. — In  this  family  respiratory  siphons  are 
present,  and  are  usually  short  and  more  or  less  united,  but  may  be 
longer  and  separate.  The  foot  is  very  large,  and  more  or  less 
cylindrical  in  shape;  and  the  branchiae  are  prolonged  into  the 
branchial  siphon.  The  shell  is  transversely  elongated,  more  or 
less  gaping  at  both  ends,  equivalve,  and  covered  with  epidermis. 
The  hinge  is  variable,  carrying  from  one  to  three  cardinal  teeth  in 
each  valve,  without  lateral  teeth.  The  ligament  is  external,  and 
the  pallial  line  is  more  or  less  sinuated.  The  recent  members  of 
this  family  are  all  marine  or  estuarine  in  habit,  and  the  group  attains 
its  maximum  development  at  the  present  day. 

Of  the  genera  of  this  family,  Solecurtus  (fig.  622)  has  an  elongated 
shell  with  subcentral  beaks,  the  dorsal  and  ventral  margins  being 


B'ig.  622. — Solecurtus  Deshayesi.    Eocene.  Fig.  623. — Interior  of  the  right  valve  of 

(After  Zittel.)  Siliqua polita.  Recent. 


nearly  parallel,  and  the  surface  generally  marked  with  oblique  lines. 
The  genus  begins  in  the  Cretaceous  rocks  and  still  survives.  In 
the  genus  Siliqua  (fig.  623)  the  shell  agrees  in  form  with  that  of  Sole- 
curtus, and  also  has  the  beaks  placed  a  little  in  front  of  the  centre, 
but  an  oblique  internal  rib  runs  from  below  the  beak  to  the  ventral 
margin.  This  genus  ranges  in  time,  as  does  the  preceding,  from  the 
Cretaceous  to  the  present  day.  Cultellus,  ranging  from  the  Eocene 
to  the  present  day,  resembles  the  preceding  in  most  characters,  but 
the  beaks  are  placed  very  far  forwards,  and  the  shell  thus  becomes 
very  inequilateral.  In  tihe  genera  Ensis  and  Sokn  are  included  the 
typical  "  Razor-shells,"  in  which  the  shell  is  greatly  elongated,  with 
the  beaks  placed  almost  at  the  anterior  end  of  the  shell,  and  with 
both  extremities  widely  gaping.  Etisis  begins  in  the  Tertiary  rocks 
and  is  represented  at  the  present  day,  its  chief  distinction  from  Solen 
being  that  the  shell  is  somewhat  curved,  whereas  in  the  latter  it  is 
straight.  Solen  itself  is  said  to  occur  in  deposits  as  old  as  the 
Devonian,  but  the  earliest  undoubted  species  are  found  in  the 
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Trias,  and  the  genus  still  survives.  The  Carboniferous  genus 
Soknopsis,  with  prominent  beaks  and  a  closed  anterior  end,  and 
the  Devonian  Palczosolen  may  represent  ancient  types  of  the  Solen- 
idce.  .  Here  also,  perhaps,  may  be  placed  the  Paleozoic  genus 
Orthonota,  the  typical  forms  of  which  are  Devonian,  though  species 
have  been  described  from  rocks  as 
old  as  the  Ordovician  (fig.  624).  In 
this  genus  the  shell  is  greatly  elongat- 
ed and  very  inequilateral,  the  anterior 
end  being  rounded  and  the  posterior 
end  truncate,  and  the  beaks  being 
close  to  the  anterior  end.  The 
muscular  impressions  and  pallial  line 
have  not  been  made  out;  and  the  T\z-(>2A—Ori/ionota{Orthodesma)far- 

,  .  .  ,      ■  r     i.1     1  i_    i.  allela.  Ordovician. 

hmge  IS  only  miperfectly  known,  but 

is  apparently  edentulous.  The  hinge-line  is  straight,  and  in  the 
typical  forms  of  the  genus  is  continued  in  a  straight  line  in  front  of 
the  beaks.  In  one  group  of  forms,  however,  sometimes  distinguished 
under  the  name  of  Orthodesnia,  the  hinge-line  is  bent  or  contracted 
in  front  of  the  beaks,  and  is  straight  behind  (fig.  624). 


Order  X.  Myacea. 

In  this  order  the  mantle-lobes  are  united,  a  pedal  aperture  exist- 
ing in  front  and  two  siphons  behind.  The  siphons  are  long,  and 
may  be  united  or  separate.  The  foot  may  or  may  not  be  byssiferous, 
and  there  are  two  adductor  muscles.  The  shell  is  free,  equivalve 
or  inequivalve,  with  an  internal  or  external  ligament,  and  a  variable 
pallial  line,  while  the  characters  of  the  hinge  also  differ  in  different 
families  of  the  order.  The  chief  families  of  this  order  are  tlje 
MactridcE,  Myida,  Glycimerida,  and  Gastrochccnidce. 

Family  i.  Mactrid^. — In  this  family  the  mantle  is  more  or 
less  open  in  front ;  the  siphons  are  united,  with  fringed  orifices ; 
and  the  foot  is  compressed.  The  shell  is  equivalve,  trigonal,  gen- 
erally gaping  behind ;  the  ligament  being  typically  internal  and 
lodged  in  a  deep  triangular  pit  between  the  beaks.  The  left  valve 
has  a  widely  bifurcated  cardinal  tooth,  which  is  received  between 
the  diverging  branches  of  a  right  cardinal  tooth ;  and  lateral  teeth 
are  usually  present  in  addition  in  front  and  behind.  The  pallial 
line  is  usually  deeply  sinuated.  The  members  of  this  family  are 
all  marine,  and  the  two  principal  genera  are  Mactra  and  Lutraria. 

In  the  genus  Mactra  (fig.  625)  the  shell  is  trigonal  in  form, 
slightly  gaping  behind,  with  a  short  pallial  sinus.  The  internal 
ligament  is  contained  in  a  triangular  pit,  but  there  is  also  an 
external  ligament  lodged  in  a  groove.     The  recent  species  of 
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Madra  live  buried  in  sand  or  mud.  The  fossil  forms  begin  in  the 
Jurassic  rocks  but  the  genus  does  not  show  any  extensive  develop- 
ment till  the  Tertiary  rocks  are  reached. 

In  the  genus  Lutraria  the  shell  is  oblong  and  gaping  at  both 
ends ;  the  palhal  smus  is  deep,  and  the  internal  ligament  is  sup- 
ported by  a  prominent,  spoon  shaped 
cartilage-plate.  The  earliest  undoubted 
fossil  forms  of  this  genus  appear  in  the 
Tertiary  rocks,  and  about  thirty  living 
species  are  knoM'n. 

Family  2.  Mvm^. — In  this  family 
the  mantle  is  almost  entirely  closed, 
but  there  exists  in  front  an  aperture  for 
the  small  triangular  foot,  while  poste- 
riorly are  two  long  siphons,  more  or  less 
completely  united  with  one  another  (fig. 
555),  and  partly  or  wholly  retractile. 
The  shell  is  inequivalve,  thick,  gaping 
posteriorly,  and  not  nacreous  internally. 
The  internal  ligament  is  supported  upon 
a  spoon-shaped  process  developed  from 
the  hinge-plate  of  the  left  valve.  The 
members  of  this  family  are  marine  or  estuarine  in  habit,  and  the 
principal  genera  are  Mya,  Corbiila,  and  NecBra. 

In  the  genus  Mya  the  shell  is  oblong,  inequivalve,  and  gaping  at 
both  ends.  The  left  valve  is  the  smallest,  and  it  carries  an  internal 
ligament  supported  upon  a  prominent  cartilage-process  (figs.  626, 


Fig.  62s.— Mnctra  podolica 
ocene    Tertiary,  Austria. 
Zittel.) 


.  Mi- 
(After 


Fig.  627.- — Portion  of  the  hinge 
Fig.  626. — Mya  trimcata.    Post-Pliocene  of  Mya  areiiaria,  showing  the  car- 

and  Recent.  tilage-process. 

627).  The  Myas  live  buried  vertically  in  sand  or  mud.  They  are 
not  known  to  have  existed  before  the  period  of  the  Middle  Tertiary 
(Miocene),  and  almost  all  the  fossil  species  are  in  existence  at  the 
present  day. 

In  Co7-lmla  (fig.  628)  the  shell  is  inequivalve,  the  left  valve  the 
smallest,  and  with  a  prominent  cartilage-process ;  but  the  shell  is 


MYACEA. 


743 


Fig.  628. — Corbtila  pisum,  viewed  from 
the  left  and  right  sides.  Eocene. 


gibbous,  and  does  not  gape  at  its  ends,  whilst  the  palhal  sinus  is 
small  The  recent  species  of  Corbula  live  partly  in  the  sea,  and 
partly  in  estuaries  or  at  the  mouths  of  rivers.  There  are  numer- 
ous fossil  forms  of  the  genus,  espe- 
cially in  the  Cretaceous  and  Ter- 
tiary rocks;  but  the  oldest  forms 
appear  in  the  Trias. 

The  genus  Necera  is  allied  to  Cor- 
bula, but  the  shell  is  nearly  equi- 
valve,  the  right  valve  being  slightly 
the  smallest,  and  the  shell  is  pro- 
duced and  open  posteriorly.  The 
earliest  types  of  Neara  appear  in  the  Upper  Jurassic  rocks,  and 
the  genus  still  survives. 

Family  3.  Glycimerid.e. — In  this  family  the  mantle-lobes  are 
united,  and  there  are  long  siphons,  which  are  united  wholly  or  in 
great  part.  The  shell  is  equivalve  or  nearly  so,  gaping  at  both  ends, 
and  covered  with  a  thick  epidermis,  which  is  prolonged  over  the 
siphons.  The  hinge  has  one  or  two  weak  cardinal  teeth,  or  is  tooth- 
less. The  ligament  is  external,  and  the  palhal  sinus  varies  in  depth. 
The  Bivalves  included  in  this  family  are  all  marine,  and  are  either 
free  or  burrow  in  mud. 

In  Glychneris  {  =  Panopaa)  the  shell  (fig.  629,  a)  is  thick,  oblong, 
inequilateral,  and  gaping  at  both  ends.    A  single  cardinal  tooth  is 


Fig.  629.— A,  Interior  of  the  right  valve  of  Glycimcris  {PanoficBo)  Americana,  from  the 
Miocene  rocks  of  North  America,  one-third  of  the  natural  size  ;  b,  interior  of  the  left  valve  of 
Cyrtodaria  (Glycimcris)  siliqua,  Arctic  seas,  two-thirds  of  the  natural  size.   (After  Woodward.) 

present  in  each  valve ;  the  palhal  line  is  continuous,  and  the  pallial 
sinus  is  very  deep.  Several  Recent  species  of  Glycimeris  are  known, 
and  there  are  also  various  Tertiary  forms,  the  earliest  types  of  the 
genus  seeming  to  occur  in  the  Cretaceous  rocks.  Ahied  to  the  pre- 
ceding is  the  genus  Cyrtodaria  (=  the  Glycimeris  of  many- authors), 
in  which  the  shell  agrees  generally  with  that  of  Glycimeris,  but  the 
pallial  line  is  interrupted,  and  the  pallial  sinus  is  very  slight  (fig. 
629,  b). 

In  the  genus  Saxicava  (fig.  630)  the  animal  burrows  in  rocks,  or 
fixes  itself  in  crevices  by  means  of  a  byssus.    The  adult  shell  is 
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fant/"'^Th^^t"^'  i"^q"ivalve,  irregular,  and  often 

gaping.    The  hinge  is  generally  edentulous,  and  the  pallial  line  is 

interrupted.     The  genus   seems  to 
commence  in  the  Eocene  Tertiary, 
and  has  continued  to  the  present  day.' 
Family  4.  Gastroch^nid^.  —  In 

  this    family   the    mantle -lobes  are 

F.v «      c-    •  ,  .  united ;    there    are    lone  siohons 

Post-Pliocene  and  Recent.         joincd  together ;  and  the  foot  is  of 
,      .  small   size,   finger-shaped,  and  not 

byssiferous.  The  shell  is  equivalve,  inequilateral,  thin,  wedge- 
shaped,  and  gaping  in  front.  The  beaks  are  placed  anteriorly, 
and  the-,anterior  side  of  the  shell  is  short.  The  hinge  is  toothless  • 
the  ligament  is  external ;  and  the  palHal  sinus  is  deep.  The  mem- 
bers of  this  family  burrow  in  rocks,  corals,  &c.,  or  bury  themselves 
in  mud ;  and  a  longer  or  shorter  shelly  tube,  to  which  the  shell 
itself  is  commonly  cemented,  is  often  developed.  The  tubes  and 
shells  of  Gastrochcena  are  not  very  rarely  found  in  the  fossil  state 
in  rocks  of  Secondary  and  Tertiary  age,  and  a  number  of  living 
species  are  known.  The  allied  genus  Fistularia  ranges  from  the 
Cretaceous  rocks  to  the  present  day. 

Order  XI.  Adesmacea. 

In  this  order  the  mantle-lobes  are  united,  and  there  are  long 
siphons  joined  along  almost  their  entire  length.  The  foot  is  gener- 
ally well  developed,  and  there  are  two  adductor  muscles.  The  shell 
consists  essentially  of  two  valves,  but  accessory  plates  or  an  adven- 
titious calcareous  tube  may  be  developed  in  addition.  A  portion 
of  the  cardinal  margin  is  reflected  above  the  beaks,  and  the  um- 
bonal  cavity  is  divided  internally  by  a  prominent  process.  The 
hinge  and  ligament  are  not  developed.  The  members  of  this  order 
are  inhabitants  of  the  sea  or  of  brackish  waters,  and  they  all  form 
perforations  in  stone  or  wood.  The  order  is  divided  by  Fischer 
into  the  two  closely  related  families  of  the  Pholadida  and  Teredinidce. 

Family  i.  Pholadid^. — In  this  family  the  animal  is  club-shaped 
or  worm-like,  with  a  short  truncated  foot,  and  long  siphons  united 
to  near  their  extremities.  The  shell  is  gaping  at  both  ends,  with  a 
portion  of  the  cardinal  margin  reflected  over  the  beaks,  and  usually 
having  the  dorsal  region  protected  by  one  or  more  accessory  plates. 
The  members  of  this  family  are  almost  exclusively  marine,  and  form 
burrows  in  stone  or  wood.  In  some  cases  (as  in  Pholas  itself)  the 
young  are  similar  to  the  adult ;  whereas  in  other  cases  {Pholadidea, 
Teredina,  &c.)  a  marked  metamorphosis  takes  place  in  development. 
This  metamorphosis  consists  essentially  in  the  formation  of  a  cal- 
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careous  plate  which  fills  up  the  anterior  vacuity  in  the  valves,  and 
in  the  production  from  the  hinder  end  of  the  shell  of  cup-shaped 
appendices  which  may  coalesce  to  form  a  longer  or  shorter  tube. 

In  the  genus  Pholas,  the  shell  is  cylindrical  or  oval,  and  the  front 
portion  of  the  valves  is  marked  with  conspicuous  radiating  ridges 
or  rows  of  spines.  The  valves  are  edentulous  ;  and  there  is  no  liga- 
ment, or  a  rudimentary  one.  The  pallial  sinus  is  very  deep,  and  the 
dorsal  margin  of  the  shell  is  protected  by  accessory  valves.  The 
Pholades  inhabit  burrows  which  they  form  for  themselves  in  clay, 
peat,  or  rock,  and  they  are  known  in  the  fossil  condition  not  only 
by  their  shells  but  also  by  their  burrows,  the  latter  affording  useful 
indications  of  the  existence  of  old  shore-lines.  Various  extinct 
forms  are  known  from  the  Tertiary  rocks,  and  the  genus  appears  to 
be  represented  in  the  Cretaceous  and  Jurassic  deposits. 

In  the  recent  genus  Pholadidea  the  shell  has  a  transverse  furrow,  and 
the  anterior  vacuity  of  the  valves  becomes  filled  up  with  a  callous  plate. 
In  the  genus,  or  sub-genus,  Parapholas,  again,  the  anterior  aperture  be- 
comes similarly  closed  by  a  callous  plate,  but  the  valves  show  two  ob- 
lique furrows  running  from  the  beaks  to  the  ventral  margin  (fig.  631). 


Fig.  631. — Parapholas  iiiersa,  viewed  from  one  side  and  above.  Cretaceous. 
(After  Stoliczka.) 

The  species  of  Parapholas  range  from  the  Cretaceous  rocks  to  the  pres- 
ent day.  In  the  allied  Martesia  the  anterior  vacuity  is  also  closed  by  a 
callous  plate,  and  the  beaks  are  covered  by  a  simple  shield-like  lamina. 
The  living  species  of  Martesia  burrow  in  wood,  and  the  earliest  fossil 
forms  have  been  detected  in  the  Carboniferous  rocks.  The  recent  genus 
Xylophaga  also  comprises  wood-boring  forms,  and  is  represented  in  rocks 
as  ancient  as  the  Jurassic  and  Cretaceous  by  allied  types  {Xylophagella). 
Lastly,  Fischer  places  in  this  family  the  Eocene  genus  Teredina,  in  which 
there  is  a  globular  shell,  the  anterior  vacuity  of  which  is  closed  by  a  cal- 
lous plate,  while  the  beaks  are  covered  by  a  dorsal  plate,  and  the  valves 
are  fused  with  a  long  calcareous  tube,  developed  posteriorly. 

Family  2.  Teredinid^e. — This  family  includes  only  the  single 
genus  Teredo,  the  characters  of  which  are,  therefore,  those  of  the 
family.  In  Teredo,  the  shell  is  "  globular,  open  in  front  and  behind, 
lodged  at  the  inner  extremity  of  a  burrow  partly  or  entirely  lined  by 
shell ;  valves  three-lobed,  concentrically  striated,  and  with  one  trans- 
verse furrow ;  hinge-margins  reflected  in  front,  marked  by  the  anterior 
muscular  impressions ;  umbonal  cavity  with  a  long  curved  muscular 
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process  (Woodward).  Species  of  Teredo  occasionally  reach  a  very 
large  size,  and  they  are  known  in  the  fossil  state  both  by  their  shells 
and  by  their  burrows  in  wood.  The  genus  seems  to  have  com- 
menced m  the  Lias,  and  is  well  represented  at  the  present  day 
Numerous  Tertiary  species  are  known,  but  the  recognition  of  the 
existence  of  the  "  Ship-worms  "  in  past  time  very  generally  depends 
simply  upon  the  presence  of  their  filled-up  burrows  in  fossil  wood 


Order  XII.  Lucinacea. 

This  order  includes  marine  Lamellibranchs,  with  typically  but  a 
single  branchia  on  each  side  and  vnth  two  adductor  muscles,  the 
mantle-lobes  being  more  or  less  free,  and  the  foot  usually  vermiform. 
The  shell  is  free,  non-nacreous,  the  hinge  with  cardinal  and  lateral 
teeth,  and  the  pallial  line  entire.  The  only  family  included  in  this 
order  is  that  of  the  LiicifiidcB,  the  precise  limits  of  which,  as  regards 
fossil  forms  more  particularly,  are  still  uncertain. 

Family  i.  Lucinid^. — The  mantle-lobes  in  this  family  are  open 
below,  with  one  or  two  siphonal  apertures  behind,  and  the  foot  is 
elongated,  cylindrical,  or  strap-shaped.  The  shell  is  orbicular  and 
free,  with  one  or  two  cardinal  teeth,  and  generally  a  single  lateral 
tooth  on  each  side.    The  ligament  is  partially  or  wholly  internal,  or 


_  Fig.  632. — A,  Interior  of  the  right  valve  of  Corbis  peciuitciilus — Eocene ;  B,  Interior  of  the 
right  valve  oi  Diplodo)ita  lupinus — Miocene;  c,  Interior  of  the  left  valve  of  Lucitia  striatula — 
Jurassic. 


in  some  cases  {Diplodontd)  external.  The  anterior  adductor  impres- 
sion is  usually  elongated.  Taken  as  a  whole,  the  family  is  principally 
Secondary,  Tertiary,  and  Recent,  its  Palaeozoic  representatives  being 
mostly  imperfectly  understood,  and  referred  here  with  doubt.  In 
Lucina  itself,  the  type  of  the  family  (fig.  632,  c),  the  shell  is 
rounded,  with  a  lunule  beneath  the  beak ;  the  ligament  is  in  a  deep 
groove,  sometimes  nearly  or  quite  internal ;  and  the  teeth  have  the 
typical  arrangement  of  the  entire  group,  though  some  are  occasion- 
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ally  obsolete.  Little  can  be  said  with  certainty  as  to  the  Pateozoic 
shells  usually  referred  to  Lucina,  but  the  genus  is  abundantly  repre- 
sented in  Secondary  and  Tertiary  deposits ;  and  ancient  representa- 
tives of  the  genus  have  been  described  from  the  Silurian  and  De- 
vonian rocks.  Corbis  (fig.  632,  a),  with  many  species  from  the 
Trias  onwards,  is  very  like  Lticina,  but  has  the  surface  concentri- 
cally furrowed,  with  denticulate  edges.  Diplodonta  (Cretaceous  to 
Recent)  has  two  cardinal  teeth  in  each  valve,  the  anterior  in  the 
right  and  the  posterior  in  the  left  being  bifid  (fig.  632,  b).  Lastly, 
the  genus  Axinus  of  Sowerby  may  perhaps  be  referred  here,  though 
the  hinge  is  toothless  or  has  only  a  feeble  tooth  in  the  right  valve. 
The  range  of  this  genus  is  from  the  Eocene  to  the  present  day. 

Order  XIII.  Tellinacea. 

In-  this  order  the  foot  is  very  large  ;  there  are  two  adductor 
muscles ;  there  is  only  a  single  gill  on  each  side ;  and  the  siphons 
are  long  and  completely  separate.  The  shell  is  free,  non-nacreous, 
the  hinge  with  cardinal  and  lateral  teeth,  and  the  pallial  line  deeply 
sinuated.  This  order  includes  the  two  families  of  the  Tellifiidce  and 
ScrobiculariidcB,  all  the  members  of  which  are  marine  in  habit. 

Family  i.  Tellinid^. — In  this  family  the  shell  is  free,  usually 
equivalve  and  closed,  with  smooth  margins.  The  hinge  has  at  most 
two  cardinal  teeth  in  each  valve,  with  a  lateral  tooth  on  each  side, 
or  without  lateral  teeth.  The  ligament  is  external,  and  the  pallial 
sinus  is  very  deep. 

The  principal  genus  in  this  family  is  Tellina  itself,  which  includes 
about  three  hundred  living  species  and  a  considerable  number  of 
fossil  forms,  mostly  from  the 
Tertiary  rocks.  In  this  genus 
the  shell  is  oval  or  transversely 
elongated,  very  slightly  inequi- 
valve,  the  anterior  side  being 
rounded,  and  the  posterior  side 
often  angulated.  The  beaks  are 
often  placed  nearly  in  the  mid- 
dle of  the  shell ;  the  ligament  is 
prominent  and  external ;  and  the  pallial  sinus  is  very  broad  and 
deep.  The  oldest  undoubted  forms  of  Tellijia  appear  in  the  Lower 
Cretaceous  rocks. 

Family  2.  Scrokiculariid^. — In  this  family  the  animal  agrees 
with  that  of  Tellina  in  general  structure,  and  the  characters  of  the 
shell  are  in  most  respects  the  same ;  but  the  ligament  is  internal, 
and  is  lodged  in  a  pit  below  the  beaks,  an  external  ligament  being 
sometimes  imperfectly  developed  as  well.    The  two  principal  genera 
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are  Scrobicularia  and  Semele,  both  of  which  are  represented  by  Ter- 
tiary and  Recent  species. 


Order  XIV.  Anatinacea. 

This  order  includes  marine  Bivalves  with  a  moderate  -  sized 
grooved,  or  byssiferous  foot,  distinct  siphonal  oriiices,  a  single 
branchia  on  each  side,  and  two  adductor  muscles.  The  shell  is 
thm,  usually  with  a  pearly  internal  layer  and  a  finely  granulated 
external  layer.  The  hinge  may  or  may  not  carry  teeth,  and  the 
palhal  Ime  is  mostly  sinuated,  but  may  be  entire.  The  principal 
families  included  in  this  order  are  the  SokmyidcB,  Arcomyida,  Anat- 
tmdcB,  Grammysndce,  PrcBcardiidcB,  Fholadomyidce,  and  Clavagellidce. 

Family  l  Solemyid^.— This  family  includes  the  single  genus 
Sokfuya,  which  ranges  from  the  Devonian  to  the  present  day.  In 
this  genus  the  shell  is  equivalve,  inequilateral,  transversely  elongated, 
obtuse  and  gaping  at  both  ends,  with  the  epidermis  prolonged 
beyond  the  ventral  margin.  The  beaks  are  inconspicuous;  the 
ligament  is  partly  internal  and  partly  external ;  the  hinge  is  tooth- 
less, or  has  a  single  cardinal  tooth  in  each  valve;  and  the  pallial 
line  is  obscure.  The  Devonian  and  Carboniferous  genus  Clino- 
pistha  appears  to  be  related  to  Solemya. 

Family  2.  Arcomyid^. — The  forms  included  in  this  family  are 
all  extinct,  and  have  usually  been  included  in  the  Pholadomyida, 
from  which  they  are  distinguished  by  the  finely  granulated  character 
of  the  exterior  of  the  shell.    The  shell  is  equivalve,  inequilateral, 


very  thin,  with  an  edentulous  hinge,  but  with  a  thickened  cardinal 
margin.  The  ligament  is  external  and  prominent,  and  the  pallial 
line  is  sinuated.  The  principal  genera  included  in  this  family  are 
Arcomya  (fig.  634),  Goniomya,  and  Pleuromya,  all  of  which  are  con- 
fined to  the  Secondary  rocks,  the  first  and  last  ranging  from  the 
Trias  to  the  Chalk,  while  Goniomya  is  Jurassic  and  Cretaceous. 
Family  3.  AnatiniDyE. — In  this  family  the  mantle-lobes  are  more 
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or  less  united ;  there  are  long  siphons,  more  or  less  extensively  con- 
joined, and  the  foot  is  of  small  size.  The  shell  is  thin,  usually 
nacreous  internally,  and  commonly  granulated  externally,  and  as  a 
rule  somewhat  inequivalve.  The  ligament  is  wholly  or  partially  m- 
ternal,  usually  in  a  spoon-shaped  cartilage-pit,  flanked  by  one  or  two 
cardinal  teeth,  and  often  containing  a  detached  ossicle.  The  palhal 
line  is  usually  sinuated.  All  the  members  of  this  family  are  inhabi- 
tants of  the  sea. 

In  Anatina  itself  (fig.  635)  the  shell  is  oblong,  very  thin,  gaping 
behind,  and  having  the  beaks  turned  towards  the  posterior  side  of 
the  shell,  which  is  more  or  less  attenuated. 
The  hinge  of  each  valve  carries  a  spoon- 
shaped  cartilage-process,  and  the  beak  is 
usually  supported  by  an  oblique,  back- 
wardly  directed  internal  ridge.  The  pal- 
lial  line  is  deeply  sinuated.  The  earliest 
undoubted  forms  of  Anatina  are  found 
in  the  Lower  Cretaceous  rocks,  and  the 
genus  survives  at  the  present  day.  The 
genus  Thracia,  ranging  from  the  Trias  to 
the  present  day,  is  in  most  respects  very 
similar  to  Anatina^  but  the  shell  is  inequi- 
valve (the  right  valve  being  larger  than 
the  left),  and  there  is  a  short  external 
ligament,  in  addition  to  the  internal  car- 
tilage.   In  Pandora  the  shell  is  also  thin 

and  inequivalve,  but  it  does  not  gape  behind.  The  species  of  this 
genus  range  from  the  Eocene  to  the  present  day ;  and  the  species 
of  the  allied  genus  Lyonsia  have  a  similar  range  in  time.  Lastly, 
the  Cretaceous  genus  Liopistha  appears  to  belong  here,  though  the 
pallial  line  is  apparently  not  sinuated.  Numerous  Palaeozoic  Bivalves 
have  been  referred  to  the  Anati?ndcB,  but  most  of  these  are  character- 
ised by  an  entire  pallial  line  and  an  external  ligament,  and  may  be  pro- 
visionally placed  in  the  family  of  the  Grammysiidce.  It  is  possible, 
however,  that  the  genus  Allorisma  (fig.  636,  c)  should  find  a  place 
in  the  Anaiinida,  with  which  it  agrees  in  the  possession  of  a  sinu- 
ated pallial  line,  and  in  having  the  external  surface  of  the  valves 
granulated.  The  shell  in  this  genus  is  transversely  elongated,  equi- 
valve,  with  anteriorly-placed,  almost  terminal  beaks,  and  a  concen- 
trically-striated surface.  The  hinge  is  edentulous,  and  an  external 
ligament  is  present.  The  species  of  Allorisma  range  from  the 
Devonian  to  the  Permian  rocks. 

Family  4.  Grammysiid^. — This  family  comprises  a  number  of 
Palaeozoic  Bivalves  which  differ  from  the  typical  Anatinidai  in  hav- 
ing an  entire  pallial  line,  and  also  in  the  fact  that  the  ligament  is 


Fig.  635. — Anatina  spatulata. 
Kimeridge  Clay  (Upper  Oolites.) 
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external.  The  shell  in  the  forms  included  here  is  equivalve,  oval 
or  transversely  elongated,  convex,  and  thin.  The  hinge  is  edentu- 
lous, and  the  cardinal  border  is  straight.  Fischer  regards  this  family 
as  representing  in  the  Palaeozoic  deposits  the  Arcomyidce  of  the 
Secondary  period,  but  the  affinities  of  most  of  the  genera  provision- 
ally associated  with  Grammysia  must  be  regarded  as  very  uncertain. 

In  the  Silurian  and  Devonian  genus  Grainmysia  (fig.  636,  b)  the 
shell  is  transversely  elongated,  equivalve,  with  the  beaks  placed  very 


far  forwards  and  incurved,  a  deep  "lunule"  being  present  below 
them.  The  hinge-line  is  straight,  and  the  hinge  is  edentulous  ;  and 
a  single  or  double  fold  extends  backwards  from  the  beaks  to  the 


The  following  Palaeozoic  genera  agree  with  Grammysia  in  more  or 
fewer  characters,  and  may  be  provisionally  associated  with  it,  though 
they  diverge  in  important  respects  from  the  above  general  definition  of 
the  family  GrammysiidcE.  In  Cardioviorpha  (Silurian  to  Carboniferous) 
the  shell  is  shaped  like  that  of  Isocardia,  with  approximated,  almost  ter- 
minal beaks,  and  a  simple  pallial  line.  The  hinge  is  toothless,  and  there 
is  an  elongated  groove  for  the  external  ligament.  In  the  genus  Lepfodo- 
mus,  with  a  similar  geological  range  to  the  preceding,  the  shell  (fig.  636,  d) 
is  thin  and  elongated,  with  tumid  incurved  beaks,  a  well-marked  posterior 
slope,  and  a  deep  "lunule."  The  hinge  is  toothless,  and  the  surface  is 
marked  with  concentric  ridges  which  split  anteriorly.  The  widely  distrib- 
uted Carljoniferous  genus  Edmondia  has  "a  transversely -oval,  equi- 
valve, edentulous  shell,  with  an  internal  lamellar  cartilage-support.  The 
dorsal  margins  are  erect  and  simple,  and  the  pallial  line  is  entire  "  (R. 
Etheridge,  jun.)  In  the  genus  Sanguinolifes,  principally  if  not  exclu- 
sively Carboniferous  in  its  range,  the  shell  is  "  transversely  oblong  and 
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equivalve,  but  very  inequilateral,  possessing  an  external  ligamerit,  and  a 
strong  external  oblique  posterior  ridge,  the  pallial  line  being  entire  (K. 
Etheridge  jun.)  The  Carboniferous  genus  Anthracomya,  in  which  there 
is  a  thin  concentrically-striated  oblong  shell,  with  anterior  beaks  and  an 
external  ligament,  may  perhaps  also  find  a  place  here.  The  Devonian 
genus  PalcEanatina  (fig.  636,  a)  more  probably  belongs  to  the  Anattmda, 
since  the  shell  is  inequivalve  (the  left  valve  being  larger  than  the  right), 
and  there  are  indications  of  the  presence  of  an  internal  ligament ;  but  the 
form  of  the  pallial  line  has  not  been  clearly  ascertained.  The  Devonian 
genus  Ciinitaria  also  occupies  an  uncertain  position  ;  and  there  are 
various  other  Palseozoic  types  which  may  possibly  be  referable  to  this 
family,  but  which  cannot  be  discussed  here. 

Family  5.  PRiECARDiiD^. — This  family  has  been  constituted  by 
Hoernes  for  the  reception  of  a  number  of  Silurian  Bivalves,  of  which 
the  genus  FrcBcardium  is  the  type.  The  forms  here  in  question 
have  thin  equivalve  or  inequivalve  shells,  which  have  a  marked 
general  resemblance  to  the  Cockles,  but  which  are  without  the 
characteristic  teeth  of  the  CardiidcB  —  the  hinge  being,  in  fact, 
edentulous,  or  furnished  with  transverse  folds.  The  adductor 
impressions  and  pallial  line  in  Prcecardium  and  its  allies  are  un- 
known ;  but  Fischer  suggests  that  the  genus  Cardiola  may  possibly 
be  found  to  belong  to  this  singular  group. 

Family  6.  PholadomyiDjE. — In  this  family  the  mantle-lobes  are 
united ;  and  there  are  very  long  siphons,  conjoined  along  their 
entire  length.  The  foot  is  small,  and  a  single  gill  is  present  on 
each  side.  The  shell  is  equivalve,  inequilateral,  thin,  convex, 
adorned  with  radiating  ribs,  pearly  internally,  but  not  granulated 
externally.  The  hinge  is  toothless ;  the  ligament  is  external ;  and 
the  pallial  line  is  sinuated.  This  family  has  close  relationships 
with  the  ArcomyidcE  and  also  with  the  Anatinida,  and  the  only 
genus  included  in  it  by  Fischer  is  Fholadotnya  itself,  which  is 
extremely  abundant  in  the  Jurassic,  Cretaceous,  and  Tertiary  rocks, 
but  is  only  known  at  the  present  day  to  be  represented  by  two  or 
three  species,  all  of  which  inhabit  great  depths  in  the  sea. 

In  Pholadomya  (fig.  637)  the  shell  is  equivalve,  oblong,  and 
gaping  posteriorly,  thin,  ven- 
tricose,  and  adorned  with 
radiating  ribs  on  the  sides. 
The  anterior  side  of  the  shell 
is  short  and  rounded,  and  the 
beaks  are  prominent.  The  hinge 

is    toothless,    and    the    cardinal        Fig.  d-^T.—Flwladomya  aqnivalvis.  Chalk. 

margin  behind   the   beaks  is 

often  folded  in  so  as  to  give  rise  to  an  elongated  false  area  or 
escutcheon. 

Family  7.  Clavagellid^. — In  this  family  the  mantle-lobes  are 
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united,  and  there  are  long  conjoined  siphons,  with  a  single  branchia 
on  each  side.  The  shell  is  in  the  young  state  similar  to  that  of 
Thraaa,  but  one  or  both  of  the  valves  ultimately  become  fused 
with  a  secondarily-produced  adventitious  calcareous  tube,  of  con- 
siderable size  (fig.  638). 

The  genus  Clavagella  itself  comprises  forms  which  burrow  in 


Fig.  Clavagella  cretacea.    Chalk.       Rccent),    both   the  Valves   of  the 

shell  are  fused  with  the  calcareous 
tube,  which  is  closed  below  by  a  perforated  disc  with  a  minute 
central  fissure. 


rocks,  corals,  &c.,  and  in  which 
the  shell  is  inequivalve,  the  left 
valve  being  fused  with  a  long  cal- 
careous tube  (fig.  638),  while  the 
right  valve  lies  freely  in  the  in- 
terior of  the  tube,  the  latter  being 
often  divided  by  a  longitudinal 
partition.  This  singular  genus  is 
known  to  have  existed  in  rocks  as 
old  as  the  Cretaceous,  and  still 
survives.  In  the  nearly  allied 
genus  Aspergillum  (Pliocene  and 
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CHAPTER  XXXVII. 

Class  II.  Gastropoda  (or  Gasteropoda). 

The  members  of  this  class  are  Mollusca  with  a  more  or  less  distinct 
head,  and  a  generally  unsymmetrical  body.  The  mantle  is  never 
divided  into  two  lobes,  and  the  shell,  when  present,  is  univalve.  The 
^'  foot"  is  well  developed,  and  usually  has  the  form  of  a  broad  hori- 
zontally flattened  ventral  disc,  upon  which  the  animal  creeps. 

The  body  in  the  Gastropods  is  composed  of  three  principal  por- 
tions— a  head,  foot,  and  visceral  sac — the  last  of  these  being  more 
or  less  completely  protected  by  a  fold  of  the  dorsal  integument,  con- 
stituting the  "  mantle."  The  body  is  distinctly  unsymmetrical,  and 
the  mantle  is  never  divided  into  a  right  and  left  lobe,  while  the  vis- 
ceral sac  is  often  coiled  up  spirally.  The  foot  is  typically  in  the 
form  of  a  broad  flattened  muscular  disc,  developed  upon  the  ventral 
surface  of  the  body,  and  not  exhibiting  any  distinct  division  into 
parts.  In  the  Heteropoda,  however,  and  in  the  Wing-shells  {Strom- 
bidce),  the  foot  exhibits  a  division  into  three  portions  :  an  anterior, 
the  "  propodium  "  ;  a  middle,  the  "  mesopodium  "  ;  and  a  posterior 
lobe,  or  "  metapodium."  In  the  Heteropoda,  the  foot  is  flattened, 
and  forms  a  ventral  fin,  by  means  of  which  the  animal  swims,  back- 
downwards. 

In  some,  again,  the  upper  and  lateral  surfaces  of  the  foot  are 
expanded  into  muscular  side-lobes,  which  are  called  "epipodia." 
In  the  Pteropodous  division  of  the  Gastropods  the  epipodia  are  the 
only  portions  of  the  foot  which  are  developed,  and  they  constitute  a 
pair  of  fins  attached  to  the  sides  of  the  head.  In  many  cases  the 
metapodium,  or  posterior  portion  of  the  foot,  secretes  a  calcareous, 
horny,  or  fibrous  plate,  which  is  called  the  "  operculum"  (fig.  639, 
0),  and  which  serves  to  close  the  orifice  of  the  shell  when  the  animal 
is  retracted  within  it. 

The  shell  of  the  Gastropods  is  a  secretion  from  the  mantle,  and 
is  always  present  in  the  embryo.  It  is,  however,  wanting  in  the 
adults  of  the  Nudibranchs  and  in  some  other  forms,  and  it  is  in  other 

vol.  l  -  t, 
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cases  very  minute,  and  hidden  in  the  mantle  (as,  for  example,  in  the 
Slugs).  From  the  very  general  occurrence  of  a  shell  which  is  "  uni- 
valve," or  composed  of  a  single  piece,  the  Gastropods  are  commonly 
spoken  of  as  the  "  Univalve  Molluscs."  In  its  chemical  composi- 
tion the  shell  is  composed  of  carbonate  of  lime  (sometimes  in  the 
condition  of  calcite,  sometimes  in  that  of  aragonite).  Its  inner 
layer  is  often  nacreous,  and  it  grows  by  additions  made  to  its  free 
margin  by  the  muscular  edge  ("  collar ")  of  the  mantle,  in  which 


Fig.  639. — Ampullaria  canaliculata.    o,  Operculum  ;  s,  Respiratory  siphon. 


numerous  pigment-glands  are  contained.  Primitively  the  shell  is 
covered  with  a  horny  cuticular  layer  ("epidermis"),  but  this  often 
disappears  with  age.  In  many  cases,  the  mantle  becomes  reflected 
over  the  shell,  the  outer  surface  of  which  may  thus  become  covered 
with  a  layer  of  enamel  (as  in  the  Cowries). 

The  shell  of  the  Gastropods  is  to  be  regarded  as  essentially  a 
cone,  the  apex  of  which  is  more  or  less  oblique.  In  the  simplest 
form  of  the  shell,  the  conical  shape  is  retained  without  any  altera- 
tion, as  is  seen  in  the  common  Limpet  (^Patella).  In  the  great 
majority  of  cases,  however,  the  cone  is  considerably  elongated,  so 
as  to  form  a  tube,  which  is  usually  coiled  up  into  a  spiral.  The 
"  spiral  univalve "  (fig.  640)  may,  in  fact,  be  looked  upon  as  the 
typical  form  of  the  shell  in  the  Gastropoda.  In  some  cases  the 
coils  of  the  shell — termed  technically  the  "  whorls  " — are  hardly  in 
contact  with  one  another  (as  in  Vermetiis).  More  commonly  the 
whorls  are  in  contact,  and  are  so  amalgamated  that  the  inner  side 
of  each  convolution  is  formed  by  the  pre-existing  whorl.  In  some 
cases  the  whorls  of  the  shell  are  coiled  round  a  central  axis  in  the 
same  plane,  when  the  shell  is  said  to  be  "  discoidal "  (as  in  the  com- 
mon fresh-water  shell  Planorbis).  In  most  cases,  however,  the 
whorls  are  wound  round  an  axis  in  an  oblique  manner,  a  true 
spiral  being  formed,  and  the  shell  becoming  "  turreted,"  "  tro- 
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choid,"  "turbinated,"  &c.  This  last  form  is  the  one  which  may 
be  looked  upon  as  most  characteristic  of  the  Gastropods,  the  shell 
being  composed  of  a  number  of  whorls  (fig.  640,  wh)  passing 
obliquely  round  a  central  axis  or 
"  columella  "  {co),  having  the  em- 
bryonic shell  or  "  nucleus  "  at  its 
apex  (fl),  and  having  the  mouth 
or  "  aperture  "  of  the  shell  placed 
at  the  extremity  of  the  last  and 
largest  of  the  whorls,  termed  the 
"body-whorl"  {ivk').  The  lines  wh- 
or  grooves  formed  by  the  junc- 
tion of  the  whorls  are  termed  the 
"  sutures "  {sit),  and  the  whorls 
above  the  body-whorl  constitute 
the  "  spire  "  (s)  of  the  shell.  The 
axis  of  the  shell  (columella),  round 
which  the  whorls  are  coiled,  is 
usually  solid,  when  the  shell  is 
said  to  be  "  imperforate " ;  but 
it  is  sometimes  hollow,  when  the 
shell  is  said  to  be  "perforated," 
and  the  aperture  of  the  axis  near 
the  mouth  of  the  shell  is  called 
the  "umbilicus."  The  margin  of 
the  "aperture"  of  the  shell  is 
termed  the  "  peristome,"  or  "  peri- 
treme,"  and  is  composed  of  an 
outer  and  inner  lip,  of  which  the 
former  (fig.  640,  l)  is  often  expanded  or  fringed  with  spines.  When 
these  expansions  or  fringes  are  periodically  formed,  the  place  of  the 
mouth  of  the  shell  at  different  stages  of  its  growth  is  marked  by 
ridges  or  rows  of  spines,  which  cross  the  whorls,  and  are  called 
"varices."  In  certain  groups  of  the  Gastropods  {Holostomata)  the 
aperture  of  the  shell  is  unbrokenly  round  or  "  entire,"  but  in  other 
groups  {Siphonostomata)  it  is  notched,  or  produced  into  a  canal. 
Often  there  are  two  of  these  canals,  an  anterior  and  a  posterior,  and 
the  function  of  these  is  to  protect  the  respiratory  siphons.  The 
animal  withdraws  into  its  shell  by  a  retractor  muscle,  which  passes 
mto  the  foot,  or  is  attached  to  the  operculum;  its  scar  or  impression 
being  placed,  in  the  spiral  Univalves,  upon  the  columella.  In  the 
great  majority  of  the  Univalves  the  shell  is  coiled  to  the  left,  the 
"  mouth  "  of  the  shell  being  thus  on  the  right-hand  side  (fig.  640). 
In  such  cases  the  shell  is  said  to  be  right-handed  or  "  dextral."  In 
other  cases,  however,  the  shell  is  coiled  to  the  right,  and  the  mouth 


Fig.  640. — Longitudinal  section  of  Triton 
corrugatum.  s,  Spire  ;  L,  Outer  lip  of  the 
aperture  of  the  shell ;  a.  Apex ;  wh,  The 
last  whorl  of  the  spire  ;  wH ,  The  body-whorl ; 
sti,  Suture ;  ca.  Anterior  canal ;  /c,  Poste- 
rior canal. 
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is  on  the  left,  when  the  shell  becomes  "reversed"  or  "sinistral." 
The  left-handed  spiral  may  be  the  normal  condition  of  the  shell,  or 
it  may  be  only  a  variety  of  a  normally  dextral  form. 

As  regards  their  internal  anatomy,  the  head  of  the  Gastropods  is 
usually  very  distinctly  marked  out,  and  is  generally  provided  with  ten- 
tacles and  eyes.  Within  the  pharynx  is  found  the  singular  dental  appar- 
atus which  is  known  as  the  "  odontophore."  The  essential  portion 
of  this  is  a  chitinous  band,  which  is  beset  with  minute  transversely- 
arranged  teeth,  and  is  known  as  the  "  radula  "  or  "  lingual  ribbon." 
The  radula  is  supported  upon  a  cartilaginous  cushion,  which  can  be 
made  to  rotate  by  special  muscles,  the  ribbon  thus  coming  to  act  as 
a  file,  rasp,  or  chain-saw.  The  arrangement  of  the  teeth  in  the 
radula  varies  much  in  different  cases,  but  they  are  usually  disposed 
in  a  median  series,  flanked  by  two  or  more  lateral  rows ;  and  their 
form  and  disposition  are  so  constant  as  to  afford  one  of  the  most 
valuable  aids  to  the  classification  of  the  recent  Gastropoda.  As, 
however,  the  characters  of  the  radula  cannot  be  determined  in  the 
case  of  fossil  Gastropods,  a  classification  based  upon  the  structure 
of  this  organ  is  necessarily  defective  from  a  palseontological  point 
of  view. 

Respiration  in  the  Gastropods  is  variou.sly  effected ;  the  members 
of  one  great  section  (Branchiogastropoda)  being,  with  few  excep- 
tions, constructed  to  breathe  air  dissolved  in  water,  while  in 
another  division  {Pulmogastropodd)  the  respiration  is  aerial.  In 
the  former  division,  respiration  may  be  effected  in  several  ways. 
Firstly,  there  may  be  no  specialised  respiratory  organ,  the  blood 
being  simply  exposed  to  the  water  in  the  thin  walls  of  the  mantle- 
cavity  (as  in  some  of  the  Heteropodd).  Secondly,  the  respiratory 
organs  may  be  in  the  form  of  outward  processes  of  the  integument, 
exposed  in  tufts  on  the  back  and  sides  of  the  animal  (as  in  the 
Nudibranchiatd).  Thirdly,  the  respiratory  organs  are  in  the  form 
of  pectinated  or  plume-like  branchiae,  contained  in  a  more  or  less 
complete  branchial  chamber  formed  by  an  inflection  of  the  mantle. 
In  many  members  of  this  last  section  the  water  obtains  access  to 
the  gills  by  means  of  a  tubular  prolongation  or  folding  of  the 
mantle,  forming  a  "  siphon "  (fig.  639,  s),  the  effete  water  being 
expelled  by  another  posterior  siphon  similarly  constructed.  The 
number  of  gill-plumes  differs  in  different  groups.  In  most  cases 
there  is  only  a  single  branchial  plume,  placed  on  the  right  side  of 
the  neck  ;  in  other  cases  an  additional  gill  is  present  on  the  left 
side ;  and  in  other  forms,  again  {e.g.,  Patella),  the  gills  are  multiple 
and  are  arranged  in  a  circle.  Lastly,  in  the  Pulmonate  Gastropods 
the  breathing-organ  is  a  pulmonary  chamber,  formed  by  an  inflec- 
tion of  the  mantle,  the  walls  of  which  are  richly  supplied  with  blood, 
while  air  is  admitted  to  its  interior  by  a  distinct  aperture.    A  tran- 
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sition  between  the  Branchiate  and  Pulmonate  groups  is  effected  by 
forms  Hke  Ampullaria,  in  which  gills  are  present,  but  the  walls  of 
the  mantle-cavity  are  in  parts  highly  vascular,  and  are  thus  adapted 
for  aerial  respiration.  Another  link  between  these  two  groups  is 
afforded  by  forms  like  the  Cyclostomidce  and  the  Helicinida,  in 
which  the  general  organisation  of  the  animal  is  that  of  the  Proso- 
branchiate  Gastropods,  but  the  breathing-organ  is  a  pulmonary 
chamber. 

A  few  Gastropods  retain  the  eggs  within  the  uterus  until  they  are 
hatched ;  but  the  majority  are  oviparous.  The  eggs  are  often  laid 
in  the  form  of  a  string  or  band  ("  nidamental  ribbon  ")  ;  or  they  may 
be  enclosed  in  horny  capsules  (as,  for  example,  in  the  common 
Whelk).  The  young,  when  first  hatched,  are  provided  with  an 
embryonic  shell,  which  in  the  adult  may  become  concealed  in  a 
fold  in  the  mantle,  or  may  be  entirely  lost.  In  the  common  spiral 
Univalves  the  embryonic  shell  remains  at  the  summit  of  the  spire, 
as  the  "  nucleus  "  of  the  adult  shell.  In  the  branchiate  Gastropods 
the  embryo  is  protected  by  a  small  nautiloid  shell,  and  passes 
through  a  "  veliger  "  stage,  swimming  freely  by  means  of  a  ciliated, 
often  lobed  "velum."  Among  the  Pulmonate  Gastropods,  those 
which  are  strictly  terrestrial  pass  through  no  metamorphosis,  the 
"  velum "  being  absent  in  the  embryo. 

As  regards  their  classification,  the  Gastropods  may  be  divided 
into  the  two  primary  groups,  or  sub-classes,  of  the  Branchiogastropoda 
and  the  Fulmogastropoda,  the  general  distinction  between  the  two 
divisions  being  that  the  animal  in  the  former  is  adapted  for  an 
aquatic  mode  of  respiration,  while  in  the  latter  the  breathing-organ 
is  a  pulmonary  sac.  The  division  of  the  Branchiate  Gastropods 
may,  again,  be  divided  into  the  four  orders  of  the  Prosobranchiata 
(the  ordinary  Univalves),  the  Opisthobranchiata  (the  Sea-slugs),  the 
Fteropoda  (the  Winged  Snails),  and  the  Heteropoda  ;  while  the  Pul- 
monate Gastropods  may  be  divided  into  the  two  orders  of  the 
Stylommatophora  and  Basonmatophora,  in  accordance  with  the 
position  of  the  eyes.  The  Chitons  {Polyp lacophora)  and  the 
Dentaliidce  {Scapkopoda),  often  included  among  the  Gastropoda, 
will  be  here  regarded  as  constituting  two  separate  classes  of 
Mollusca. 

As  regards  their  distribution  in  space,  the  Heteropods,  the  Ptero- 
pods,  the  Opisthobranchiates,  and  the  great  majority  of  the  Proso- 
branchiates  are  inhabitants  of  the  sea.  Certain  groups  of  the  Proso- 
branchiates,  however,  are  found  either  in  brackish  or  in  fresh  waters  ; 
while  the  terrestrial  groups  of  the  Cyclostomidcc,  Aciculida,  and  Heli- 
cinidcs,  often  placed  among  the  Pulmonate  Gastropods,  are  now 
usually  regarded  as  being  essentially  Prosobranchiates  modified  for 
an  aerial  mode  of  respiration.    The  Pteropods  and  the  Heteropods 
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are  oceanic  in  habit,  and  are  found  swimming  in  the  open  sea,  near 
the  surface,  far  from  land ;  but  the  majority  of  the  marine  Proso- 
branchs  and  the  Opisthobranchs  are  inhabitants  of  shallow  seas,  or 
live  between  tide-marks.  In  depths  beyond  five  hundred  fathoms 
the  number  of  Gastropods  is  greatly  reduced ;  but  a  few  forms  are 
found  to  inhabit  depths  of  between  two  and  three  thousand  fathoms, 
or  even  more.  The  Pulmonate  Molluscs,  lastly,  are  exclusively  ter- 
restrial in  habit,  or  live  in  fresh  waters.  In  the  latter  case,  the 
animal  either  comes  to  the  surface  from  time  to  time,  for  the  pur- 
pose of  obtaining  air,  or,  if  the  water  be  too  deep  to  allow  of  this, 
its  pulmonary  chamber  is  so  far  modified  that  it  is  enabled  to 
breathe  the  oxygen  dissolved  in  the  surrounding  water. 

As  regards  their  distribution  in  time,  the  Branchiate  Gastropods 
are  necessarily  more  largely  represented  as  fossils  than  the  Pul- 
monate forms.  The  record  of  the  Prosobranchiates,  owing  to  their 
possession  of  a  calcareous  shell  and  their  aquatic  habits,  is  a  very 
full  one.  On  the  other  hand,  the  Opisthobranchiates  are  but 
imperfectly  represented  in  past  time,  the  entire  group  of  the  Nudi- 
branchs  being  unprovided  with  a  shell,  and  being  therefore  unknown 
in  the  fossil  condition.  The  oceanic  group  of  the  Heteropods  (if 
the  Bellerophontida  be  placed  elsewhere)  is  only  represented  in  the 
latest  Tertiary  deposits  ;  while  the  Pteropods,  also  pelagic  in  habit, 
occur  as  fossils  in  the  older  Palaeozoic  rocks,  but  are  singularly 
absent  from  the  greater  part  of  the  Mesozoic  and  Kainozoic  for- 
mations. Of  the  Pulmonate  Gastropods,  those  forms  which  live 
habitually  in  fresh  water  {e.g.,  the  Li7nncBidcB)  are  naturally  more 
largely  represented  in  the  fossil  condition  than  the  purely  terrestrial 
forms  {e.g.,  the  Helicidce)  ;  but  the  remains  of  the  latter  are  not  un- 
common in  deposits  which  have  been  formed  under  suitable 
conditions. 

The  Gastropods  appear  for  the  first  time  in  the  Upper  Cambrian 
deposits,  from  which  a  number  of  forms  have  been  obtained,  all 
belonging  to  the  holostomatous  division  of  the  Prosobranchiates, 
the  two  principal  genera  being  Murchisonia  and  Pleiirotomaria. 
The  Upper  Cambrian  rocks  have  also  yielded  the  oldest  examples 
of  Hyolithes  and  its  allies,  which  are  usually  regarded  as  belonging 
to  the  Pteropoda.  In  the  Ordovician  and  Silurian  rocks  are  found 
very  numerous  types  of  the  Prosobranchiate  Gastropods,  all  of 
which — with  the  apparent  exception  of  such  forms  as  Subulites 
and  Euchrysalis  —  are  holostomatous.  The  predominant  groups 
in  these  ancient  deposits  are  the  Euo77iphalidcB,  Pleurotoinariida:, 
and  Bellerophontida.  The  Pteropods  are  represented  by  the 
aberrant  types  Conuhiria,  Hyolithes,  and  Tentaadites.  In  the  De- 
vonian, Carboniferous,  and  Permian  formations  the  general  character 
of  the  Gastropodous  fauna  undergoes  little  change,  the  predominating 
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forms  still  belonging  to  the  holostomatous  Prosobranchiates  and  the 
Pteropods.  The  latter,  however,  are  now  in  part  represented  by 
such  normal  forms  as  Styliola.  In  the  Carboniferous  rocks,  further, 
appear  the  first  representatives  of  the  Pulmonate  Gastropods  {Zon- 

ites,  Pkysa,  &c.)  . 

In  the  Trias  the  Gastropodous  fauna  has,  in  the  main,  a  l^alteo- 
zoic  facies,  but  unquestionable  siphonostomatous  Prosobranchiates 
appear  here  {Cerithitim,  Purpurina,  &c.)  The  peculiar  Pateozoic 
Pteropods  (with  the  exception  of  Conularid)  have  now  disappeared. 
In  the  Jurassic  rocks  a  further  change  occurs,  and  a  marked  develop- 
ment of  the  siphonostomatous  Prosobranchiates  now  takes  place. 
The  first  Opisthobranchs  appear  at  this  stage,  and  we  meet  here 
with  a  number  of  existing  genera  of  fresh-water  Gastropods  (Plan- 
orbis,  Faludina,  Melania,  &c.)  In  the  Cretaceous  rocks  the  siphon- 
ostomatous Prosobranchiates  continue  to  increase  in  number,  and 
in  the  Tertiary  period  they  become  the  predominant  group,  the 
Gastropods  as  a  whole  becoming  at  the  same  time  the  predominant 
group  of  the  Mollusca,  a  condition  of  things  which  still  subsists  at 
the  present  day. 
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CHAPTER  XXXVIII. 

DIVISIONS   OF  THE  GASTROPODA. 

Sub-Class  I.  Branchiogastropoda. 

This  primary  division  of  the  Gastropods  is  distinguished,  speaking 
generally,  by  the  fact  that  the  animals  included  in  it  are  water- 
breathers,  respiration  being  effected  by  the  thin  walls  of  the  mantle- 
cavity,  by  external  branchial  tufts,  or  by  pectinated  or  plume-like 
gills  contained  in  a  more  or  less  complete  branchial  chamber.  The 
groups  of  the  Cyclostomidce,  Aciciilidce,  and  Helicinidce,  from  the 
general  characters  of  their  organisation,  must,  however,  be  placed  in 
this  division ;  although  the  animal  in  these  is  terrestrial,  and  is  fur- 
nished with  a  pulmonary  chamber  adapted  for  breathing  air  directly. 

This  sub-class  comprises  the  four  orders  of  the  Frosobranchtata, 
Opisthobranchiata,  Fteropoda,  and  Heteropoda. 


Order  I.  Prosobranchiata. 

The  great  majority  of  the  members  of  this  order  are  aquatic  in 
habit,  and  possess  gills  situated  in  front  of  the  heart,  the  auricle  of  the 
heart  being  thus  placed  in  front  of  the  ventricle.  The  Cydostomidce, 
Aciculidce,  and  Helicinidce  alone  possess  a  pulmonary  chamber.  The 
gills  are,  typically,  plume-like,  and  are  lodged  in  a  branchial  chamber 
formed  by  a  fold  of  the  mantle,  which  may  or  may  not  be  so  dis- 
posed as  to  form  an  anterior  and  posterior  tube  or  "siphon,"  for 
the  entrance  and  escape  of  water  from  the  branchial  chamber.  The 
foot  in  the  Prosobranchiates  is  large  and  adapted  for  creeping,  and 
the  sexes  are  distinct.  Those  members  of  the  order  which  possess 
an  anterior  siphon  for  the  admission  of  water  to  the  branchial  cavity, 
have  the  mouth  of  the  shell  notched  in  front,  or  produced  into  a 
canal  in  which  the  siphon  is  lodged  (fig.  642) ;  while  a  similar  notch 
or  canal  may  exist  at  the  posterior  end  of  the  shell-aperture  (fig. 
643).    The  shell  in  these  forms  is  said  to  be  "  siphonostomatous." 
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In  a  great  many  forms,  on  the  other  hand,  siphons  are  not  devel- 
oped, and  the  mouth  of. the  shell  is  simply  rounded  or  "entire" 
(fig.  641),  when  the  shell  is  said  to  be  "  holostomatous." 

The  great  majority  of  the  Prosobranchiata  are  inhabitants  of  the  sea, 
but  certain  groups  are  restricted  to  fresh  or  brackish  waters ;  while 
the  CydostomidcB,  Aciadidce,  and  Helicinida  are  terrestrial  in  habit.  As 
regards  their  distribution  in  time,  the  palseontological  record  is  fuller 
in  the  case  of  the  Prosobranchiates  than  it  is  in  the  case  of  any 
other  division  of  the  Gastropods.  The  Palaeozoic  types  of  the 
Prosobranchiates  belong  almost  exclusively  to  forms  in  which  the 
shell  is  "  holostomatous."  On  the  other  hand,  forms  with  the 
"  siphonostomatous  "  type  of  shell-mouth  do  not  make  an  undoubted 


Fig.641. — ScalariaGrmn-  Fig.  642. — Oliva  for-  Fig.  643. — Cerithium 

landica,    a   holostomatous  ^hyria,  a   siphonosto-  aluco,  showing  an  an- 

Univalve.  •  matous  Univalve.  terior     and  posterior 

notch  for  the  siphons. 


appearance  till  the  Trias  is  reached,  and  they  become  the  predomi- 
nant group  of  Prosobranchiates  in  the  Tertiary  rocks,  which  position 
they  still  hold. 

The  possession  of  a  "  holostomatous "  or  "  siphonostomatous  " 
shell  has  been  employed  as  the  basis  for  a  separation  of  the  Proso- 
branchiata into  two  primary  sections — viz.,  the  Holostomata  and 
Siphonostoniafa — but  these  names,  though  convenient  as  general 
terms,  do  not  indicate  natural  divisions.  In  the  more  modern  and 
more  scientific  classification  now  generally  in  use  among  Malacolo- 
gists  the  characters  of  the  "radula"  or  lingual  ribbon  are  those 
mainly  relied  upon  as  distinguishing  the  primary  groups  of  Proso- 
branchiates. The  form  of  the  "radula"  i.s,  however,  necessarily 
unknown  in  the  case  of  fossil  forms,  and  it  is  therefore  only  by 
means  of  analogies — which  may  or  may  not  be  trustworthy — that 
the  extinct  groups  of  Prosobranchiates  can  be  ranged  in  a  series 
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the  groups  of  which  are  based  upon  the  structure  of  this  organ. 
All  that  will  be  attempted  here,  therefore,  is  to  give  a  brief  outline 
of  the  characters  and  geological  range  of  the  principal  families  of 
Prosobranchiates,  without  regard  to  the  arrangement  of  these  in 
largei-  groups.  In  this  outline  the  "  holostomatous "  famiHes,  as 
the  most  ancient  and  the  least  highly  organised,  naturally  take 
precedence  of  the  forms  with  a  "  siphonostomatous "  shell. 

Family  i.  Patellid^. — In  this  family  the  animal  usually  pos- 
sesses a  series  of  branchiee  arranged  marginally  in  a  more  or  less 
complete  cycle  round  the  foot.  The  shell  is  conical,  with  the  apex 
turned  more  or  less  clearly  towards  the  front;  and  the  muscular 
impression  is  horse-shoe-shaped  and  open  in  front,  continuous  or 
broken  up  into  separate  cavities.  The  genus  Acmcea,  often  regarded 
as  the  type  of  a  special  family,  differs  from  Patella  proper  in  the  fact 
that  there  is  always'  a  cervical  branchial  plume,  the  marginal  gills 
being  sometimes  present,  sometimes  absent.  As  these  types,  how- 
ever, cannot  be  distinguished  from  one  another  by  their  shells  alone, 
this  distinction  is  paleeontologically  inapplicable. 

The  typical  species  of  Patella,  such  as  the  common  Limpet  {P. 
vulgata),  have  usually  a  radially -ribbed  shell,  with  the  apex  sub- 
central  and  turned  forwards.  Such  types  are  clearly  recognisable 
in  the  Cretaceous  and  Tertiary  rocks.  In  ITeldon,  again,  the  shell 
is  radially-ribbed,  and  the  apex  is  shifted  far  forwards.  Such  types 
abound  in  the  Jurassic  and  Cretaceous  rocks,  and  still  survive.  In 
Acmcea,  finally,  the  apex  is  usually  subcentral  and  the  surface  is 


Fig.  t^^.—Tryblidium  {Metopto>na)  Nycteis,  from  the  Ordovician  of  Canada,    a,  Side  view ; 
b,  View  of  the  upper  side.    (Alter  Billings.) 

generally  smooth  or  feebly  striated.  This  type  cannot  be  clearly 
separated  from  the  preceding  except  by  an  examination  of  the 
animal,  but  many  of  the  fossil  Limpets  doubtless  belong  here.  A 
Limpet  of  this  type  has  been  described  by  Hall  from  the  Upper 
Cambrian  (Potsdam  Sandstone)  of  North  America  under  the  generic 
name  of  Palceacmcea. 

Most  of  the  PalEeozoic  Limpets  belong  to  the  genera  Tryblidium  and 
Metoptoma,  which  agree  with  one  another  in  the  fact  that  the  shell  (fig. 
644)  is  in  the  form  of  an  obtuse  or  shallow  cone,  with  the  ape.K  placed 
very  far  forwards,  so  as  to  be  submarginal.    In  Tryblidium,  as  shown  by 
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Lindstrom,  the  muscular  scar  is  in  the  form  of  six  pairs  of  disconnected 
impressions,  arranged  in  an  oblong  circle  which  is  open  in  front,  ihe 
species  of  this  genus  are  principally  Ordovician  and  Silurian.  Metop- 
toma,  as  now  restricted,  differs  from  the  preceding  in  having  the  anterior 
side  broadly  truncated  (fig.  645,  f),  and  in  the  fact  that  the  muscular  scar 
is  in  the  form  of  a  continuous  horse-shoe.  The  genus  appears  to  range 
from  the  Ordovician  to  the  Carboniferous,  but  as  the  interior  markings 
of  many  species  are  unknown,  it  is  impossible  at  present  to  sharply 
separate  this  type  from  Tryblidium. 

Family  2.  Fissurellid^. — In  this  family  the  animal  has  the 
gills  symmetrically  disposed  on  the  two  sides  of  the  body.  The 
shell  is  conical  and  limpet-shaped,  with  a  notch  in  the  anterior 


Fig.  645.— FissurellidEE,  Capulidae,  and  Patellidae.  A,  Fissurella  labiaia — Eocene  ;  B,  Riinula 
Blainvillei — Eocene;  c,  Emarginula  Guerangeri — Cretaceous;  D,  Hipponyx  cornucopia: — 
Eocene;  E,  Crefiidula  coite/a— Miocene  ;  F,  Metoptoma  imbricata — Carboniferou.s ;  G,  Patella 
costaria — Eocene. 

margin,  or  a  perforation  at  or  near  the  apex,  corresponding  with  the 
anus  (fig.  645,  A  and  c).  The  muscular  impression  is  horse-shoe- 
shaped  and  is  open  in  front. 

The  genus  Fissurella  (fig.  645,  a)  comprises  the  so-called  "  Key- 
hole Limpets,"  distinguished  by  having  the  apex  of  the  shell  perfo- 
rated by  a  larger  or  smaller,  generally  oval  aperture.  Very  dubious 
examples  of  the  genus  have  been  described  from  the  Devonian  and 
Carboniferous  rocks,  but  the  earliest  undoubted  types  appear  in  the 
Jurassic  rocks,  from  which  time  the  genus  has  continued  to  the 
present  day.  In  the  genus  Riinula  (fig.  645,  b),  ranging  from  the 
Lias  to  the  present  day,  the  perforation,  instead  of  being  at  the  apex 
of  the  shell,  is  placed  a  little  above  the  anterior  margin.  Lastly,  in 
Emarginula  (fig.  645,  c)  the  anterior  margin  is  furnished  with  a 
longitudinal  notch  or  slit.    The  oldest  species  of  this  genus  has 
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been  found  in  the  Carboniferous  Limestone,  but  most  of  the  fossil 
forms  are  Cretaceous  and  Tertiary. 

_  Family  3.  Capulid^  {=CalyptrmdcB).~\r,  this  family  the  shell 
IS  conical  and  patelliform,  with  a  more  or  less  spiral  apex,  the  interior 
bemg  smiple,  or  divided  by  a  shelly  process  to  which  the  adductor 
muscle  IS  attached.  The  margin  of  the  shell-aperture  is  thin  and 
entire,  often  more  or  less  modified  in  outline  by  the  habit  which  the 
animal  possesses  of  fixing  itself,  with  the  aperture  closely  fitted  to 
some  foreign  body,  such  as  a  Crinoid.  ' 

The  genus  Calyptraa,  in  the  wide  sense  in  which  it  has  gener- 
ally been  defined,  includes  the  so-called  "  Cup-and-saucer  Limpets," 
in  which  the  interior  has  a  half-cup-shaped  process  attached  to  the 
apex  of  the  shell,  and  open  in  front.  The  earliest  forms  of  this 
type  appear  in  the  Cretaceous  rocks,  and  the  genus  still  survives. 
In  the  genus  Crepidula  (fig.  645,  e)  there  is  a  shelly  partition  cover- 
mg  the  posterior  half  of  the  interior  of  the  shell.  The  fossil  forms 
of  this  genus  date  from  the  Cretaceous  period.  Hipponyx,  again, 
comprises  thick  and  obliquely  conical  shells,  with  a  posterior  apex' 
and  often  provided  with  a  shelly  basis  marked  by  a  distinct  horse- 
shoe-shaped muscular  impression  (fig.  645,  d).  The  genus  ranges 
from  the  Cretaceous  rocks  to  the  present  day. 

By  far  the  most  important  genus  of  this  family,  pateontologically 
speaking,  is  Capulus  {Pileopsis)  itself,  including  the  so-called  "  Bon- 
net-limpets "  of  the  present  day.  The  Palaeozoic  shells  which  have 
been  included  under  the  name  of  Platyceras  {=Acroculia)  appear  to 
be  identical  with  Capulus,  or,  at  any  rate,  to  be  distinguished  from 

this  by  characters  of  no  more 
than  sub-generic  value.  In  the 
genus  Capulus,  employing  this 
name  in  the  general  sense  in- 
dicated above,  the  shell  is  con- 
ical, with  a  posterior  sub-spiral 
apex,  and,  generally,  a  horse- 
shoe-shaped- muscular  impres- 
sion. The  aperture  is  greatly 
enlarged,  and  its  margins  are 
essentially  entire ;  but  owing  to 
the  fact  that  the  shell  is  usually 
affixed  for  lengthened  periods  to 
foreign  bodies,  the  lips  may  be- 
come more  or  less  sinuated  or  undulated  (figs.  646,  647).  The 
shells  of  this  genus  may,  as  a  rule,  be  recognised  by  their  obliquely- 
spiral  or  straight,  conical  shape,  their  wide  aperture,  and  the 
absence  of  a  columella.  They  may  be  dextral  or  sinistral,  and 
the  surface  may  be  simply  marked  with  concentric  lines  of  growth, 


Fig.  6j^6.—Cafiuhis  {Platyceras)  ventricosus. 
Silurian.    (After  Hall.) 
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Fig.  647. — Different  views  of  Cafiu- 
lus  (Platyceras)  duiiiosits,  of  the  nat- 
ural size.  Devonian,  Canada.  (Or- 
iginal.) 


or  may  be  ornamented  with  spines.  The  genus  is  abundantly 
represented  in  the  Silurian  and  Devonian  periods,  and  less  abun- 
dantly in  the  Carboniferous ;  while 
ancient  types  have  been  described  from 
the  Upper  Cambrian  and  Ordovician 
rocks.  Many  Secondary  and  Tertiary 
species  are  known,  and  the  compara- 
tively few  living  species  are  widely  dis- 
tributed over  the  globe. 

According  to  Lindstrom,  the  name  of 
Platyceras  may  be  retained  for  the  Silu- 
rian forms  of  Capuhis,  as  presenting  cer- 
tain constant  differences,  and,  in  particu- 
lar, as  not  having  been  clearly  shown  to 
possess  the  horse-shoe-shaped  muscular 

scar  of  the  latter.  The  same  authority  unites  with  Platyceras  the  Palae- 
ozoic types  described  under  the  names  of  Platystonia  (Conrad)  and  Stro- 
phostylus  (Hall).  Orthonychia,  again,  includes  forms  with  a  nearly 
straight  shell,  the  spire  being  very  small,  and  the  terminal  portion  of 
the  shell  very  large. 

Family  4.  Velutinid^. — The  principal  genus  in  this  family  is 
Velutina,  in  which  the  shell  is  thin,  with  a  large  body-whorl  and 
small  spire,  and  having  a  large  rounded  aperture  with  an  entire 
margin.  The  genus  is  principally  Recent  and  Tertiary,  but  a  few 
Secondary  types  have  been  described. 

Family  5.  PLEUROXOMARiiDiE. — In  this  family  the  shell  is  nacre- 
ous, very  variable  in  form,  but  usually  coiled  into  an  elevated  or  flat 
spiral.  The  outer  lip  of  the  shell-aperture  (fig.  648)  exhibits  a  notch 
or  slit,  which  in  course  of  growth  becomes  progressively  filled  up. 


Fig.  648. — .Side-view  of  the  recent  Pleurotomaria  Quoyana,  showing  the  slit  in  the  outer 
lip  (/) ;  and  upper  view  of  Pleurotomaria platyspira,  showing  the  slit-band. 


thus  giving  rise  to  a  revolving  band  upon  the  whorls  ;  or  which  may 
become  partially  closed  and  converted  into  one  or  more  perforations. 
The  animal  is  provided  with  a  circular  horny  operculum. 

The  family  Pleurotomariidce  has  relationships  with  the  Haltotidce, 
the  Bellerophontidce,  and  the  Euomphalidce ;  and  the  great  majority 
of  the  genera  included  in  it  are  extinct.     If  Scissurella  be  placed 
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Fig.  649. — Pleurotomaria  Agave.  Ordovician. 
(Billings.) 


Fig.  ty>.—Pkurotovtaria  Dryopc.  Ordovician. 
(Billings.) 


among  the  TrochidcB,  the  only  genus  of  the  family  which  still  sur- 
vives is  Pleurotomaria  itself. 

The  genus  Fkurotomaria  is  a  "  persistent  type,"  the  oldest  forms 
appearing  in  the  Upper  Cambrian,  while  four  living  species  have 
been  detected.  The  genus  is  very  largely  represented  in  the  Ordo- 
vician, Silurian,  Devonian, 
and  Carboniferous  rocks. 
A  very  limited  number  of 
species  has  been  hitherto 
obtained  from  the  Permian 
deposits.  In  the  Meso- 
zoic  rocks  the  genus  again 
shows  a  great  develop- 
ment, the  Secondary  forms 
being  commonly  more  or- 
nate than  those  from  older 
rocks.  Very  few  Tertiary 
species  are  known,  and  the 
few  living  species  are  found 
in  the  Antilles  and  in  the 
Japanese  seas. 

The  form  of  the  shell  in 
Pleurotomaria  (figs.  649, 
650)  differs  considerably  in  different  types,  being  most  generally 
similar  to  that  of  Trochus  or  Turbo,  but  being  in  other  cases  very 
much  flattened  out  and  depressed.  The  shell  consists  of  a  few 
whorls,  which  are  generally  in  close  contact;  but  the  last  whorl 
may  be  disconnected  from  the  others,  or  the  shell  may  be  entirely 
evolute  {Odontomaria).  The  aperture  of  the  shell  is  subquadrate, 
and  the  outer  lip  (fig.  648)  exhibits  a  deeper  or  shallower  slit.  As 
the  shell  grows,  this  slit  becomes  progressively  filled  up,  forming  a 
well-marked  band  on  the  whorls.  By  this  character  Pleurotofiiaria 
may  generally  be  distinguished  readily  from  such  shells  as  Trochus 
and  Turbo. 

Many  subordinate  types  are  included  in  the  comiDrehensive  genus 
Pleurotomaria,  in  the  wide  sense.  Thus  a  number  of  Secondary  types 
admit  of  separation  from  Pleura toina7-ia  proper  by  their  possession  of  a 
very  deep  slit  and  a  narrow  band,  and  these  may  be  grouped  together 
under  the  name  of  Leptoiiiaria.  In  the  Carboniferous  Polytremaria  the 
band  on  the  whorls  is  partially  obliterated,  and  is  perforated  by  a  linear 
series  of  minute  foramina.  In  the  Jurassic  Ditremaria  there  is  a  kidney- 
shaped  aperture,  consisting  of  two  foramina  united  by  a  slit,  in  the  band 
near  the  outer  lip.  Lastly,  in  the  Devonian  Odontomaria  the  shell  is 
tubular  and  evolute. 

The  Silurian  genus  Euomphalopterus  is  regarded  by  Lindstrom  as  an 
extreme  form  of  Pleurotomaria.  In  this  type  the  shell  is  a  depressed 
spiral,  the  slit-band  forming  a  wide  alation,  perforated  by  canals  which 
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open  into  the  cavity  of  the  shell  internally,  and  externally  by  mmute 
pores  on  the  margin  of  the  wing.  Again,  in  the  Triassic  and  Jurassic 
genus  Trochotoma  (fig.  651,  b)  the  shell  is  trochoid,  with  a  concave  base, 
and  there  is  a  single  elongated  perforation  in  the  slit-band,  near  the 
margin  of  the  outer  lip.  The  ancient  Ordovician  types  Scalites,  Rhaph- 
istoma,  and  Helkoioma,  of  which  the  two  last  are  probably  identical, 


appear  to  be  really  referable  to  Pleurotomaria.  In  Scalites  (fig.  651,  a) 
the  shell  is  spiral,  with  a  flattened  spire,  the  body-whorl  ventricose,  the 
"  suture  "  canaliculated,  the  lip  truncated,  and  the  columella  imperforate 
and  curved.  In  Rhaphistoma  the  spire  is  still  more  depressed,  the 
"  suture "  is  close,  instead  of  being  grooved,  there  is  an  umbilicus 
of  moderate  size,  and  the  aperture  is  somewhat  trigonal  and  slightly 
notched. 


The  genus  Porcellia  (fig.  652),  sometimes  regarded  as  belonging 
to  the  Bellerophontidce,  seems 
to  be  really  referable  to  the 
PleiirotomariidcB.  In  this 
genus  the  shell  is  discoidal 
and  many-whorled,  the  outer 
lip  having  a  deep  slit,  and 
the  whorls  having  a  well- 
marked  revolving  band  run- 
ning along  the  centre  of  the 
dorsal  side.  The  species  of 
Porcellia  appear  to  range 
from  the  Devonian  to  the 
Trias. 

Lastly,  the  important  genus 
Murchisonia  (fig.  653)  is  nearly  related  to  Pleurotomaria,  the  line 
of  separation  between  the  two  groups  being,  in  fact,  one  which  can- 
not be  sharply  defined.  The  shell  in  the  typical  forms  Murchi- 
sonia is  long  and  turreted,  the  number  of  the  whorls  being  greater 


Fig.  652. — Porcellia  puzo,  viewed  sideways  (a)  and 
from  the  front  (u).  Carboniferous. 
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than  in  Pleurotomaria.  The  outer  lip  is  deeply  notched,  and  the 
outer  side  of  the  whorls  shows  the  characteristic  slit-band  of  the 
family.  The  aperture  of  the  shell  is  slightly  channelled  in  front, 
and  the  surface  is  often  variously  sculptured  and 
adorned.  The  genus  ranges  from  the  Ordovi- 
cian to  the  Permian  rocks,  and  possibly  is  repre- 
sented in  the  Alpine  Trias. 

Family  6.  Bellkrophontid^. — In  this  family 
the  shell  (figs.  654,  655)  is  "  nautiloid,  generally 
symmetrical,  spirally  inrolled ;  the  spire  is  con- 
cealed by  the  succeeding  whorls ;  the  aperture  is 
of  large  size  ;  the  outer  lip  is  arched,  sharp-edged, 
simple,  or  greatly  expanded,  carrying  in  the  middle 
line  a  sinus  or  notch,  continued  on  the  convex- 
ity of  the  last  whorl  by  a  slit-band  or  by  a  series 
of  perforations  "  (Fischer).  This  family  includes 
^.    ,  , .  the  extinct  genus  Bellerophon  and  its  allies,  and 

Fig.   6s3,.—Murchi-    ,        ,  c.  r         11  ,  , 

sonia  p-aciiis.  (Hall.)  has  been  often  referred  to  the  order  of  the  Heter- 
ordovician.  ^^^^     -pj^g  gj^gU  -^^  Bellerophou  is,  however,  of 

considerable  thickness,  and  the  genus  is  com- 
monly found  associated  with  forms  which  undoubtedly  inhabited 
water  of  comparatively  small  depth.  For  these  reasons,  amongst 
others,  the  Belleropho^itida  can  hardly  be  associated  with  a  purely 
oceanic  group  such  as  the  Heteropods.  On  the  other  hand,  the 
presence  of  a  dorsal  revolving  band  on  the  whorls,  and  of  a  sinus  or 
notch  in  the  outer  lip,  brings  the  shell  in  relation  with  that  of  the 


Fig.  654. — Bellerophon  Argo  iJ^xWm^^i).    a,  Front  view  ;  b,  Side  view.  Ordovician. 


Fkurotomariidce  ;  while  an  affinity  with  the  HaliotidcB  is  estabHshed 
by  the  presence  in  some  forms  {Trejuafiotus)  of  a  row  of  apertures 
on  the  dorsal  keel  of  the  shell.  All  the  members  of  the  BeUero- 
phontidce.  are  extinct,  and  if  the  problematical  Cretaceous  genus 
Bellerophina  be  excluded,  they  are  exclusively  confined  to  the 
Palfeozoic  rocks. 

In  the  genus  Bellerophon  (figs.  654,  655)  the  shell  is  symmetri- 
cally convoluted,  the  coils  of  the  shell  lying  in  one  plane.  The 
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whorls  are  few,  smooth  or  sculptured,  and  there  is  a  dorsal  band  or 
keel  along  the  convex  margin  of  the  shell.  The  aperture  is  often 
more  or  less  expanded,  and  is  in  most  instances  emarginate  or 
deeply  notched  on  the  dorsal  side,  the  columellar  lip  being  generally 
more  or  less  callous.  The  genus  ranges  from  the  Upper  Cambrian 
to  the  Permian,  but  attains  its  maximum  in  the  Carboniferous 
Limestone.  Biccania  (Silurian  to  Carboniferous)  includes  forms  not 
generically  separable  from  Bellerophon,  but  distinguished  by  the 
fact  that  all  the  volutions  are  visible  and  increase  gradually  in  size 


to  the  expanded  mouth.  The  genus  Tremanotus  (Silurian)  resembles 
Bucania  in  the  form  of  the  shell ;  but  the  dorsal  band  is  replaced 
by  a  series  of  perforations  which  become  successively  filled  up  in 
process  of  growth,  and  which  appear  to  correspond  with  the  siphonal 
apertures  in  the  shell  of  Haliotis.  Closely  allied  to  Trettianofus  is 
the  Silurian  and  Devonian  genus  Salpmgostoma,  in  which  there  is  a 
single  elongated  aperture  on  the  dorsal  margin  of  the  body-whorl  at ' 
some  distance  behind  the  margin  of  the  lip. 

In  the  neighbourhood  of  Bellerophon  must  also  be  placed  the 
genus  Cyrtolites,  in  which  the  shell  is  symmetrical,  discoidal,  or 
coiled  into  the  shape  of  a  horn,  the  whorls  being  in 
contact  or  more  or  less  disconnected.  The  aper- 
ture is  rhomboidal,  with  a  median  sinus,  and  a 
band  or  keel  is  developed  on  the  convexity  of  the 
last  whorl,  while  the  surface  is  often  sculptured. 
The  genus  ranges  from  the  Ordovician  to  the 
Carboniferous. 

The  affinities  of  the  genus  Bellerophma,  of  the  Gault 
(Cretaceous),  are  quite  uncertain,  though  it  has  often      pig.  656.  — c>;-iff- 
been  associated  with  Bcllerophon.    The  shell  in  this    utes  omaUis.  Ordo- 
genus  is  globular,  spirally  inrolled,  and  nautiloid,  but 
the  outer  lip  has  no  sinus  or  notch,  and  the  convexity 
of  the  \yhorls  is  not  furnished  with  a  keel  or  band.    It  is  not  improbable 
that  this  genus  is  really  referable  to  the  Heteropoda,  but  the  structure 
of  the  shell  is  at  present  imperfectly  known. 
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Fig.  657. — Haliotis  tuber- 
culata,  from  the  Pliocene 
Tertiary. 


Family  7.  Haliotid.^:. — In  this  family  the  shell  (fig.  657)  is 
spiral  and  ear -shaped,  nacreous  internally,  and  with  a  large  aper- 
ture.   The  body-whorl  exhibits  on  the  left  side  a  series  of  rounded 

perforations,  which  become  successively  filled 
up,  the  last  few,  however,  remaining  always 
open.  The  last  of  these  apertures  corre- 
sponds with  the  anus  and  transmits  a  fold 
of  the  mantle,  while  the  others  give  passage 
to  tentaculiform  prolongations  of  the  pallial 
border.  This  family  contains  only  the  genus 
Haliotis,  comprising  the  recent  "Ear-shells." 
The  oldest  example  of  this  genus  is  the  H. 
antiqua  of  the  Maestricht  Chalk,  and  a  few 
Tertiary  species  are  known. 

Family  8.  SxoMATiiDyE. — In 'this  family 
the  shell  is  spiral  or  ear-shaped,  with  a  short 
spire,  and  an  expanded  entire  aperture.  The 
interior  is  nacreous,  and  the  shell  is  destitute 
of  the  perforations  which  characterise  Halio- 
tis. The  principal  genus  in  this  family  is  Sto?natia,  the  earliest 
undoubted  representatives  of  which  appear  in  the  Jurassic  rocks, 
while  others  are  Cretaceous  and  Tertiary,  and  a  few  forms  still 
survive. 

Family  9.  Euomphalid^e. — As  defined  by  De  Koninck,  the 
genera  comprised  in  this  family  possess  a  spiral  shell,  sometimes 
elevated,  sometimes  discoid,  the  whorls  being  in  contact  or  disjunct, 
and  a  larger  or  smaller  umbilicus  being  present.  The  outer  lip  of  the 
aperture  exhibits  one  or  two  (rarely  three)  larger  or  smaller  sinuses, 
of  which  the  surface  often  shows  only  slight  traces,  except  that  their 
existence  is  usually  marked  by  keels  or  by  imbricated  lamellae  of 
growth.  The  inner  portion  of  the  shell  is  often  partitioned  off  by 
successively  produced  transverse  septa ;  and  a  shelly  operculum  is 
sometimes  present.  Professor  De  Koninck  includes  in  this  family 
a  number  of  extinct,  mostly  Palaeozoic,  genera,  which  are  probably 
in  some  cases  referable  to  different  groups,  but  which  will  be  here 
considered  together,  as  a  matter  of  convenience.  On  the  other 
hand,  none  of  the  genera  placed  here  by  De  Koninck  are  admitted 
into  this  family  by  Lindstrom  except  Euomphalus  proper,  while  by 
this  authority  LoxonetJia  is  associated  with  Euomphalus. 

The  two  principal  types  included  in  the  Euojnphalidce,  as  defined 
by  De  Koninck,  are  Straparollus  and  Euomphalus.,  which  many 
authorities  have  regarded  as  so  nearly  related  as  to  have  merely  the 
standing  of  sub-genera,  while  Lindstrom  considers  them  as  belong- 
ing to  entirely  different  families.  In  Straparollus  (fig.  658)  the 
shell  is  thick,  typically  conical,  with  a  more  or  less  prominent  spire 
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Fig.  658. — Straparollus  Dionysii,  from 
the  Carboniferous  Limestone  of  Bel- 
gium.   (After  Zittel.) 

are  contiguous  or  disjunct ; 
lip  of  the  aperture  possesses 


and  a  large  umbilicus,  the  whorls  being  rounded  and  non-angulated, 
the  mouth  round  or  oval,  and  the  surface  smooth  or  striated.  The 
species  of  this  genus  range  from  the  Silurian  to  the  Trias.  Appar- 
ently related  to  the  preceding  is  Fla- 
tyschisma,  in  which  the  shell  is  thin, 
obtusely  conical,  ventricose,  umbili- 
cated,  and  smooth,  "  with  a  shallow 
sinus  in  the  outer  lip,  but  with  no 
defined  band"  (R.  Etheridge,  jun.) 
The  genus  appears  to  range  from  the 
Silurian  to  the  Carboniferous. 

The  genus  Euomphalus  (fig.  659), 
as  defined  by  Lindstrom,  comprises 
discoidal  shells,  in  which  the  whorls 
the  umbilicus  is  wide ;  and  the  outer 
on  its  upper  side  a  shallow  notch  or  sinus,  which  gives  rise  to 
a  more  or  less  elevated  revolving  ridge  or  keel  in  the  middle  or 
upper  part  of  the  convexity  of  the  whorls.  The  mouth  of  the 
shell  is  more  or  less  angulated, 
while  the  apex  is  filled  up  with 
a  secondary  deposit  of  shell, 
and  the  interior  is  often  di- 
vided off  by  transverse  shelly 
partitions.  The  species  of 
Euomphalus  range  from  the 
Silurian  to  the  Carboniferous, 
one  of  the  most  familiar  types 
being  the  E.  pentangulatus 
(fig.  659)  of  the  Carbonifer- 
ous Limestone.  The  well- 
known  Silurian  shells  which  have  been  described  under  the  names 
of  Euomphalus  discors  and  E.  rugosus  have  been  shown  by  Lind- 
strom to  have  possessed  a  nacreous  shell,  and  to  be  referable  to  the 
Turbinidce. 

The  name  of  Schizosiotna  is  applied  by  De  Koninck  to  forms 
with  a  shell  (fig.  660)  essentially  similar  to  that  of  Etiomphalus,  as 
above  described,  but  having  two  spiral  keels,  one  on  the  upper  and 
one  on  the  lower  aspect  of  the  convexity  of  the  whorls.  It  would 
seem  that  Ophileta  is  a  synonym  of  Schizosiotna,  and  in  that  case 
forms  of  this  type  range  from  the  Ordovician  to  the  Carboniferous. 
The  forms  to  which  the  name  of  Ecculiomphalus  has  been  applied 
(fig.  661)  would  appear,  again,  to  be  essentially  identical  with 
Euomphalus,  from  which  they  differ  simply  in  the  fact  that  the 
shell  is  evolute,  the  whorls  not  being  in  contact.  Forms  of  this 
type  are  known  to  range  from  the  Ordovician  to  the  Carboniferous. 


Fig.  659.  —  Euomfihalus  pentang^ulaius,  of  the 
natural  size,  from  the  Carboniferous  Limestone  of 
Ireland.    (After  Woodward.) 
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The  name  of  Ccelocenirus  ( =  Cirrus,  De  Koninck)  is  given  by 
Zittel  to  certain  Pateozoic  types  which  have  a  general  resemblance 
to  Euomphalus,  the  shell  being  a  flat  spiral,  with  a  large  umbilicus 
(fig.  662).  The  shell  differs  from  that  of  Euomphalus  proper  in 
the  fact  that  the  mouth  is  round,  the  outer  lip  is  not  sinuated,  the 


Fig.  660. — Schizostoma  {JOphileta)  bella  (Billings).    Different  views  of  a  nearly  perfect 
specimen.    Quebec  Group  (Ordovician). 


whorls  are  more  or  less  rounded,  and  the  volutions  support  one  or 
two  rows  of  prominent  spines. 

Discohelix  includes  discoidal  shells,  concave  on  both  faces,  with 
the  whorls  flattened  at  the  circumference,  and  furnished  with  two 
marginal  keels,  the  aperture  being  quadrangular.  Forms  of  this 
type  appear  to  be  principally  characteristic  of  the  Upper  Trias  and 


Fig.  (i6i.—Ecculi07ttJihalus  disiam.    Quebec  Group  (Ordovician). 

of  the  Jurassic  rocks.  Bifrontia  (Eocene)  appears  to  be  nearly 
related  to  Discohelix. 

The  remarkable  Paleeozoic  genus  Maclurea  (fig.  663)  may  be 
provisionally  placed  here;  though  its  precise  affinities  are  very 
doubtful,  and  it  is  regarded  by  Fischer  as  probably  related  to  the 
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Neritidce.  In  this  genus  the  shell  is  discoidal,  of  few  whorls,  longi- 
tudinally grooved  at  the  back,  and  ornamented  with  lines  of  growth. 


Fig.  662.—Ccelocentrtis  {Cirrus)  Goldfussi.  Devonian. 


The  upper  side  of  the  shell  (drawn  as  the  lower  side  in  fig.  663,  (5) 
is  convex,  and  deeply  umbilicated  by  the  sinking  of  the  spire  below 


Fig.  663. — Macltcrea  crenulata,  Ordovician  (Quebec  Group),  Canada,  a,  Upper  side,  wilh 
the  spire ;  b,  Side  view  of  the  shell ;  c,  Base.  Properly  speaking,  figure  b  should  have  been 
dra\vn  with  the  flattened  base  undermost  and  the  hollow  spire  above.    (After  Billings.) 

the  general  surface  ;  while  the  base  is  flattened  and  exposes  the  inner 
whorls.    The  mouth  of  the  shell  is  closed  by  a  shelly  operculum, 


Fig.  66^.—Pleuronotus  {Euomphalus)  /5c-Cc7<// (Billings),    a,  Front  view;     View  of  the 
umbilicus.    Devonian,  North  America. 

which  is  "  sinistrally  sub-spiral,  solid,  with  two  internal  projections, 
one  of  them  beneath  the  nucleus,  very  thick  and  rugose  "  (Wood- 
ward).   The  genus  is  essentially  characteristic  of  the  summit  of  the 
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Cambrian  and  the  base  of  the  Ordovician  series  (the  Quebec  Group 
and  Chazy  Limestone  in  North  America,  the  Durness  Limestone  in 
Scotland,  &c.) 

Finally,  we  may  notice  here  the  Devonian  fossil  for  which  Billings 
proposed  the  name  of  Euomphalus  De-Cewi,  and  upon  which  Hall 
has  based  the  genus  Pleuronotus.  In  this  form  (fig.  664)  the  shell 
is  discoidal,  with  a  wide  shallow  umbilicus  and  a  concave  spire,  the 

outer  lip  of  the  aperture  showing  a  dis- 
tinct sinus.  The  surface  on  the  sum- 
mit and  external  side  of  the  whorls  is 
"marked  by  a  distinct  band,  to  the 
margins  of  which  the  surface-strise  con- 
verge on  the  two  sides,  and  upon  which 
they  make  a  regular  retral  curve  "  (Hall). 
This  last  character  renders  it  probable, 
as  suggested  by  Hall,  that  Pleuronotus 
should  be  referred  to  the  family  of  the 
Pleurotomariida. 

Family  10.  Solariid^e.  —  In  this 
family  the  shell  is  obtusely  conical  or 
depressed,  with  a  large  and  deep  um- 
bilicus running  from  the  base  to  the 
apex  of  the  shell.  There  is  no  na- 
creous layer,  and  the  aperture  is  entire, 
this  family  is  Solarium  itself  (fig.  665), 
Staircase  Shells."    In  this  genus  the 


Fig.  665. — Solarium  omaiuin. 
Gault  (Upper  Cretaceous). 


The  principal  genus  in 
comprising  the  familiar 

edge  of  the  umbilicus  is  typically  crenulated,  and  the  aperture  is 
rhombic.  The  species  of  Solarium  range  from  the  Cretaceous 
(Trias?)  to  the  present  day. 

Family  ii.  Trochid^. — In  this  family  the  shell  is  conical, 
pyramidal,  top-shaped,  or  helicoid,  the  aperture  being  entire,  and 
either  quadrilateral  or  round  in  form.  The  shell 
is  nacreous,  and  the  operculum  is  horny,  cir- 
cular, and  multispiral,  with  a  central  nucleus. 
The  members  of  this  family  are  all  marine,  and 
are  mostly  found  between  tide-marks  or  in  shal- 
low water ;  a  few  forms,  however,  being  inhabi- 
tants of  deep  water. 

In  the  genus  Trochus  (fig.  666)  the  shell  is 
pyramidal,  with  a  nearly  flat  base,  and  the  aper- 
ture is  oblique  and  rounded  in  shape.  The  range 
of  the  genus  is  from  the  Silurian  to  the  present 
day,  but  the  determination  of  many  of  the  fossil  forms  is  un- 
certain, since  it  is  by  the  structure  of  the  operculum  that  the 
genus  is  essentially  distinguished  from  Turbo  and  Astralium,  and 


Fig.  666.  —  Trochus 
conulus.  Pliocene  Ter- 
tiary. 
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Fig.  667. — Scis- 
sureila  asfiera. 
Pliocene  Tertiary. 


opercula,  even  when  shelly  and  massive,  are  not  often  met  with 
in  the  fossil  condition. 

Monodonta  in  its  general  characters  resembles  Trochiis,  but  the 
columella  is  thickened  and  carries  a  promment  tooth  The  genus  ranges 
from  the  Tertiary  period  to  the  present  day,  and  doubtful  representatives 
of  it  have  been  indicated  as  occurring  in  older  tunes.  In  Dciphinula  the 
shell  is  orbicular  and  depressed,  the  whorls  angulated  or 
coronated,  often  spiny,  the  mouth  round,  the  peristome 
entire,  and  the  umbilicus  open.  The  genus  seems  to 
begin  in  the  Jurassic  rocks.  In  Umboniiim  the  shell  is 
circular,  with  a  short  spire  and  a  large  body-whorl,  the 
surface  being  polished,  and  the  umbilical  region  covered 
with  a  prominent  callosity.  The  genus  begins  in  the 
Devonian,  and  still  survives.  Lastly,  according  to  the 
views  of  Lindstrom,  we  must  include  in  this  family  the 
genus  Scissurella  (fig.  667),  in  which  the  shell  is  thm, 
with  a  greatly  expanded  body-whorl,  and  the  outer  hp  is 
furnished  with  a  deep  slit.  The  earhest  fomis  of  Scissurella  appear  m 
the  Cretaceous  rocks,  and  the  genus  still  survives. 

Family  12.  Turbinid^. — The  shell  in  this  family  is  solid  and 
nacreous  internally  (except  in  Phasianella),  turbinated  or  trochoid 
in  form,  with  an  entire,  round  or  oval  aper- 
ture, and  a  rounded  or  flat  base.  The  oper- 
culum is  calcareous,  paucispiral,  with  a  central 
or  excentric  nucleus.  The  members  of  this 
family  are  marine,  and  inhabit  shallow  water. 

In  the  genus  Turbo  (fig.  668)  the  shell  is 
turbinated,  with  a  round  base,  the  whorls 
being  convex,  and  the  aperture  large  and 
rounded.  The  species  of  the  genus  range 
from  the  Silurian  to  the  present  day,  about 
four  hundred  fossil  species  having  been  de- 
scribed ;  but  owing  to  the  non-preservation 
of  the  opercula  there  is  much  doubt  as  to  the  true  position  of 
many  of  the  older  forms. 

In  Astraliiim  {Imperator)  the  shell  is  trochoid,  with  a  flat  or  concave 
base,  and  with  keeled  or  foliaceous  whorls  and  an  angulated  aperture. 
The  genus  ranges  from  the  Trias  to 
the  present  clay.    The  genus  Orios- 
toma  (fig.  669)  comprises  Silurian  and 
Devonian  forms,  in  which  the  shell  is 
discoid,  with  a  short  spire,  the  whorls 
being  in  contact,  but  the  last  whorl 
sometimes  partially  disjunct.  The 
surface  is   usually  spirally  ribbed ; 
there  is  a  wide  and  open  umbilicus  ; 
and  the  aperture  has  thin  lips,  with- 
out a  sinus.    The  inner  layer  of  the 
shell  is  nacreous,  and  there  is  a  solid  calcareous  operculum.    Some  of 
the  most  familiar  of  the  Silurian  forms,  such  as  0.  discors  (fig.  669),  O. 


Fig.  668. —  Turbo  subcostatus. 
Devonian. 


Fig.  669. — Oriostoma  i^Euouifihalus) 
discors.    Silurian,  Britam. 
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Fig.  670. — A,  Eunema  strigillatum, 
Ordovician  (Trenton  Limestone),  Canada ; 
H,  Cyclonema  bilix,  Ordovician  (Cincin- 
nati Group),  North  America.  (After 
Ziltel.) 


Jjfalm"'  ^"'^  ^'  ^'^"'^  described  as  species  of  Euom- 

In  Cyclonema  (fig.  670,  b)  the  shell  is  turbinated  and  imperforate,  and 

the  surface  is  adorned  with  raised 
spiral  lines  intersected  by  finer  trans- 
verse stria;.  The  genus  ranges  from 
the  Ordovician  to  the  Devonian.  The 
Devonian  genus  Isone?na  resembles 
Cyclo7iema,  but  the  whorls  are  angular 
and  the  aperture  is  rhombic.  In 
Eunema  (fig.  670,  a),  again,  the  spire 
IS  elevated,  the  whorls  are  more  or 
less  angular,  and  the  surface  is  adorn- 
ed with  elevated  spiral  ribs.  The 
genus  begins  in  the  Ordovician,  and 
the  typical  forms  are  Paleozoic.  The 
Secondary  genus  Aviberleya,  however, 
seems  to  differ  from  Emiema  princi- 
pally, if  not  solely,  m  the  fact  that  the  spiral  ribs  are  replaced  or  accom- 
panied by  rows  of  tubercles  or  nodosities.  The  Silurian  and  Devonian 
genus  Trochonema  resembles  Cyclone7na,  but  there  is  a  wide  umbilicus 
bordered  by  an  elevated  ridge.  In  the  Silurian  genus  Craspedosfoma 
the  shell  is  globular,  the  surface  has  transverse  lamellar  ribs,  and  there 
IS  a  circular  mouth  "  enclosed  within  an  enomiously  enlarged  and  thick- 
ened border"  (Lindstrom). 

The  genus  Phasianella  (fig.  671)  represents  another  type  of  the 
Turbinida,  in  which  the  shell  is  not  nacreous,  and  its  surface  is 
smooth  and  polished.  The  spire  is  long,  the  body-whorl  is  large, 
and  the  aperture  is  oval.  The  genus  ranges  from 
the  Devonian  to  the  present  day. 

Family  13.  Xenophorid^. — This  family  includes 
only  the  genus  Xenophora  (Phorus),  in  which  the 
shell  (fig.  672)  is  trochoid,  with  a  concave  or  flattened 
base  and  keeled  whorls,  but  differs  from  that  of  the 
Trochidce  in  not  being  nacreous.  Very  commonly, 
foreign  bodies,  such  as  shells  or  small  pieces  of 
stone,  are  attached  to.  the  surface  and  margins  of 
the  shell.  The  genus  ranges  from  the  Devonian  to 
Fig.  6yi.—Phasi-  the  present  day. 

Eocene  Tertiary. 

Family  14.  Neritid^. — In  this  family  the  shell 
is  thick  and  globular,  with  a  very  small  spire,  and 
without  an  umbilicus.  The  aperture  is  semilunate,  its  columellar 
side  thickened  and  expanded,  and  often  toothed  (fig.  673),  and  the 
outer  lip  acute.  There  is  a  calcareous,  sub-spiral  operculum,  pro- 
vided with  a  process  on  its  inner  side.  The  "Nerites"  are  in- 
habitants partly  of  salt  water  and  partly  of  fresh  or  brackish  waters. 
In  many  cases  the  inner  turns  of  the  spire  become  absorbed  in 
process  of  growth,  so  that  casts  of  the  interior  of  the  fossil  forms 
often  show  no  traces  of  a  spire. 
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In  the  genus  Neriia  (fig.  673)  the  shell  is  thick,  with  a  broad 
columella,  the  inner  edge  of  which  is  straight  and  toothed.  The 
outer  lip  is  thickened  and  often  denticulated  internally.  The  true 
Nerites  are  inhabitants  of  warm  seas  ;  and  typical  forms  of  the  genus 


appear  first  in  the  Cretaceous  rocks,  though  nearly  related  types  are 
known  from  the  Triassic  and  Jurassic  rocks. 

The  Triassic  and  Jurassic  genus  Neritodomus  closely  resembles  Nerita, 
but  the  columellar  lip  of  the  aperture  is  thickened  and  callous,  and  is 
without  teeth.  In  the  nearly  allied  Neritoiiia,  of  the  Jurassic  rocks,  the 
shell  is  thick  and  ventricose,  and  the  columellar  hp  is  callous,  and  is  not 
toothed,  while  there  is  a  notch  or  sinus  in  the  middle  of  the  outer  hp. 


The  genus  Neritina,  again,  includes  the  so-called  "  Fresh-water  Nerites," 
which  agree  in  most  characters  with  Nerita,  but  inhabit  fresh  or  brackish 
waters,  and  have  a  comparatively  thin  smooth  shell.  The  oldest  forms 
of  Neritina  seein  to  appear  in  the  Lias,  and  the  genus  is  abundantly 
represented  in  the  fresh-water  deposits  of  the  Tertiaiy  period,  while 
many  recent  forms  exist.  Lastly,  the  genus  Pileohis  comprises  small 
limpet-shaped  shells,  with  a  semilunar  aperture.  The  range  of  the 
genus  is  from  the  Jurassic  to  the  Eocene. 

Family  15.  NERiTOPSioyE. — In  this  family  the  shell  resembles 
that  of  Nerita  or  Natica  in  shape,  and  is  thick  and  imperforate. 
The  aperture  is  entire,  semilunate,  or  oval  in  form  ;  and  there  is  a 
thick  shelly  operculum,  oval  in  shape,  and  non-spiral.  In  Neritopsis 
the  shell  is  shaped  like  that  of  Nerita,  of  few  volutions,  and  with  a 


Fig.  (i-]2..—Xenophora  {Phorus)  canaliculata.  Cretaceous. 


Fig.  673. — Neriia  {}■' elates)  Schmideliana.    Eocene  Tertiary. 
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short  spire;  and  the  columellar  hp  of  the  aperture  is  largely  exca- 
vated about  its  middle.  The  genus  ranges  from  the  Trias  to' the 
present  day.  The  name  of  Peltarion  has  been  given  to  oval  or 
nearly  circular  calcareous  plates,  concave  above  and  flattened  below 
which  are  found  in  the  Jurassic  rocks,  and  which  are  now  known  to 
be  the  opercula  of  species  of  Neritopsis.  Similar  opercula  occur  in 
the  Upper  Trias  and  in  the  Tertiary  rocks.  The  extinct  genus 
Naticopsts  (fig.  674)  includes  thick,  imperforate,  naticoid  shells,  with 


Fig  674.— A,  Naticopsis plicistria.  Carboniferous  Limestone.    (After  M'Coy  )    b,  Naticoisis 
amphata,  Carboniferous  Limestone.    (After  De  Koninck.) 

a  short  spire  and  a  large  body-whorl.  The  aperture  is  oval,  and  the 
columellar  Hp  is  callous  and  flattened,  the  outer  lip  being  thin.  A 
calcareous  operculum  is  present.  The  genus  ranges  from  the  De- 
vonian to  the  Upper  Trias. 

^  Family  16.  Helicinid^. — This  family  includes  the  recent  Heli- 
cina  and  its  allies,  in  which  the  shell  is  helicoid  and  globular,  with  a 
short  spire,  the  interior  turns  of  the  spire  being  absorbed  in  course 
of  growth.  The  aperture  is  semicircular,  and  a  horny  or  calcareous 
operculum  is  present.  This  family  has  been  generally  included 
among  the  Pulmogastropoda,  upon  the  ground  that  the  breathing- 
organ  is  in  the  form  of  a  pulmonary  chamber,  and  the  animal  is 
terrestrial ;  but  the  true  relationships  of  the  group  appear  to  be  with 
the  Neritida.  All  the  undoubted  forms  of  this  family  are  Recent ; 
but  Fischer  is  inclined  to  place  here  the  Carboniferous  genus 
Dawsonella,  which  has  been  commonly  included  among  the  Heli- 
cidce.  In  this  genus  the  shell  is  like  that  of  Helix  in  shape,  with  a 
small  aperture,  the  outer  lip  of  which  is  thickened,  while  the  col- 
umellar lip  is  expanded  into  a  large  callosity,  which  covers  the 
whole  umbilical  region. 

Family  17.  Naticid^. — In  this  family  the  shell  is  globular,  of 
few  whorls,  with  a  small  spire  (fig.  675);  the  aperture  oval,  rounded 
in  front,  and  narrow  behind,  with  an  acute  outer  lip,  and  commonly 
with  a  callous  inner  lip.  The  foot  is  very  large,  and  the  mantle- 
lobes  hide  more  or  less  of  the  shell.    The  operculum  is  pauci- 
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Fig.  675. — Natica  clausa. 
Post-Pliocene. 


spiral,  with  an  excentric  nucleus,  and  may  be  either  horny  or 

C  cll  C  cl.r6  0  U  5 

'  The  shell  in  Natica  (fig.  675)  is  globular,  with  a  large  body- 
whorl,  usually  smooth  and  polished,  and  often  with  coloured  mark- 
ings.   The  inner  lip  is  callous,  and  the  shell 
is  umbilicated,  though  the  umbilicus  may  be 
partially  or  wholly  filled  up.    A  large  number 
of  recent,  and  a  still  larger  number  of  fossil, 
forms  of  Natica  are  known,  species  having 
been  described  from  rocks  as  old  as  the  Silu- 
rian.   It  is,  however,  very  questionable  if  any 
true  forms  of  Natica  are  known  from  any 
Palaeozoic  deposit,  anterior  to  the  Carbonifer- 
ous at  any  rate.    The  most  typical  forms  of 
Natica,  in  a  strict  sense,  possess  a  wide  umbil- 
icus and  a  twisted  columella,  and  the  oldest  shells  of  this  type  are 
from  the  Eocene  Tertiary. 

Ampullina  includes  Eocene  and  Miocene  forms,  in  which  the  columella 
is  only  slightly  thickened  and  is  not  twisted,  ^wzaz^r^^^jw  includes  a 
number  of  fossil  forms,  of  which  the  earliest  perhaps  appear  in  the  Car- 
boniferous Limestone,  while  many  others  are  found  in  the  Secondary 
rocks  and  the  Eocene.  In  these  types  there  is  no  umbihcus  or  only  a 
narrow  umbilical  fissure,  and  the  spire  is  moderately  high.  Liinatia, 
again,  includes  a  series  of  forms,  ranging  from  the  Trias  to  the  present 
day,  in  which  the  aperture  is  semilunar,  and  the  umbilicus  is  of  moderate 
or  small  size,  and  is  without  a  spirally-twisted  callus.  The  Eocene  and 
Oligocene  genus  Deshayesia  has  the  inner  lip  covered  with  a  thick  callo- 
sity, which  largely  conceals  the  umbilicus  and  is  toothed  on  its  apertural 
edge.  The  Jurassic  and  Cretaceous  genus  Tylostoma,  lastly,  includes 
forms  with  an  elevated  spire,  and  without  an  umbilicus,  the  outer  lip 
being  thin  and  sharp. 

The  genus  Narica  ( Vanikoro)  includes  forms  in  which  the  shell 
has  a  general  likeness  to  that  oi  Natica  (fig.  676),  but  the  surface 
is  spirally  striated,  or 
cancellated.  The  aper- 
ture is  semilunate  or 
oval,  and  the  columella 
is  excavated  or  umbili- 
cated. The  genus  ranges 
from  the  Jurassic  period 
to  the  present  day.  Nati- 
cella  (Silurian  to  Trias) 
resembles  Narica,  but 
has  no  umbilicus  or  a 

small  one.  Lastly,  in  Sigarettis  {?{g.  677)  the  shell  is  ear-shaped, 
with  a  spirally-striated  surface,  a  minute  spire,  and  a  very  large 


Fig.  676. — Narica  {Van- 
ikoro) Gencvensis,  from  the 
Cretaceous  rocks. 


Fig.  077- 
clat/iratus, 
Eocene. 


.iii^aretus 
from  the 
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The  species  of  this  genus  are 


body -whorl  and  wide  aperture 
Tertiary  and  Recent. 

Family  i8.  Paludinid^.— In  this  family  the  shell  is  conical  or 
globular,  with  a  thick  epidermis,  and  with  convex  whorls,  the  aper- 
ture being  entire  and  sometimes  furnished  with  a  continuous  lip 
The  operculum  may  be  horny  or  shelly.  The  members  of  this 
family  are  essentially  fresh-water  forms,  though  some  are  found  in 
brackish  waters,  and  AmpiiUaria  is  known  in  some  cases  to  inhabit 
salt  water.  As  a  matter  of  course,  therefore,  they  are  chiefly,  if  not 
exclusively,  found  as  fossils  in  deposits  which  are  believed  to  be 
fluviatile,  lacustrine,  or  estuarine  in  origin. 

The  genus  Vivipara  {Paludind)  comprises  forms  with  a  conical 
shell,  a  generally  smooth  surface,  and  a  horny  operculum,  an  umbili- 
cus being  sometimes  present,  sometimes  absent  (fig.  678,  a).  The 

oldest  forms  of  Vivipara,  in  the  wide 
sense,  are  found  in  the  Lower  Cre- 
taceous rocks  (Wealden  Beds),  and 
a  large  number  of  Tertiary  and  Re- 
cent species  are  known.  Bithynia 
resembles  Vivipara,  but  the  oper- 
culum is  partially  calcified ;  and  its 
range  in  time  is  the  same,  though 
the  known  fossil  forms  are  few  in 
number.  In  Valvata  (fig.  678,  b) 
the  shell  may  be  top-shaped  or  dis- 
coidal ;  an  umbilicus  is  present,  and 
the  peristome  is  entire.  The  earliest  undoubted  forms  of  this  genus 
appear  in  the  Upper  Jurassic  rocks  (Purbeck  Beds),  and  a  small 
number  of  Tertiary  and  Recent  forms  are  known.  Lastly,  in  Am- 
pullaria  (fig.  639)  the  shell  is  globular,  with  a  short  spire  and  a 
ventricose  body-whorl,  and  with  or  without  an  umbilicus.  The 
operculum  may  be  horny  or  calcareous.  The  geological  range  of 
Amptillaria  is  a  matter  of  uncertainty,  from  the  difficulty,  or  impos- 
sibility, of  separating  the  shells  of  this  genus  from  those  of  Natica 
and  its  allies.  Forms  from  rocks  as  old  as  the  Lias  have  been  re- 
ferred to  AmpiiUaria,  but  it  is  doubtful  if  any  representatives  of  the 
genus  are  known  to  occur  in  the  fossil  condition. 

Family  19.  Rissoid^e. — In  this  family  the  shell  is  spiral,  usually 
with  an  elevated  spire,  the  aperture  being  entire  and  rounded,  and 
the  operculum  horny  and  spiral.  The  members  of  this  family  are 
partly  marine,  partly  inhabitants  of  brackish  waters  or  marshes  ;  and 
the  two  principal  genera  comprised  in  it  are  Rissoa  and  Hydrobia. 

In  the  genus  Rissoa  (fig.  679)  are  included  small,  thick  shells, 
generally  more  or  less  ribbed  or  striated,  pointed  in  shape,  many- 
whorled,  and  with  a  small  round  aperture  surrounded  by  a  continu- 


Fig.  t-jZ.—K,  Paludina  lenta.  Pliocene  ; 
B,  Valvatn.  fiiscinalis,  viewed  from  in 
front  and  from  below.  (After  Searles 
Wood.) 
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Fig.  679. — Rissoa 


OUS  peristome.  The  species  of  Rissoa  are  inhabitants  of  the  sea, 
and  the  range  of  the  genus  in  time  is  from  the  Jurassic  to  the 
present  day.  Forms  of  sub-generic  value,  or  alhed  types,  are  Kis- 
soina  (Jurassic  to  Recent),  Keilostoma  (Chalk  to 
Oligocene),  Diasioma  (Eocene),  and  Pterostoma 
(Eocene). 

Hydrobia  is  nearly  related  to  Rissoa,  but  the  shell 
is  usually  thin  and  smooth.    The  species  of  this 
genus  are  mostly  inhabitants  of  brackish  or  fresh 
waters,  but  a  few  live  in  the  sea.    The  earliest  forms 
of  Hydrobia  are  recorded  from  the  Jurassic  rocks, 
but   the  genus   is   mainly   Tertiary  and   Recent.  ^.^^ 
The  genus  Assiminea  differs  from  Hydrobia  almost  sufirkcostata^^Ni 
wholly  as  regards  the  animal,  but  forms  are  stated  Kne!'''  & 
to  occur  in  rocks  as  old  as  the  Eocene.  Searies  Wood.) 

Family  20.  LiXTORiNiDiE.  —  In  this  family  the 
shell  is  spiral,  top-shaped,  not  nacreous  internally,  with  a  rounded 
and  entire  aperture  and  a  simple  thin  outer  lip.  The  operculum 
is  horny  and  paucispiral.  The  members  of  this  family  are  wholly 
marine ;  and  their  shells  are  very  similar  to  those  of  the  Trochida. 
and  TurbinidcB,  except  that  there  is  no  nacreous  layer  developed. 

In  the  genus  Littorina  are  the  true  Periwinkles,  distinguished  by 
their  thick,  generally  top-shaped  and  pointed  shells,  of  few  whorls, 
and  with  an  imperforate  columella.  The  undoubted  fossil  species 
range  from  the  Jurassic  to  the  present  day.  In 
the  Tertiary  and  Recent  genus  Lacuna,  the  shell 
resembles  Littorina  in  most  respects,  but  it  is 
thin,  and  the  columella  is  flattened  and  is  bor- 
dered by  an  umbilical  fissure.  We  may  also 
include  here  the  Silurian  and  Devonian  genus 
Holopea  (fig.  680),  in  which  the  shell  is  spiral, 
and  either  conical,  or,  more  usually,  naticoid, 
with  a  short  spire  and  a  large  body-whorl.  The 
surface  is  smooth  or  marked  with  faint  trans- 
verse striae ;  the  outer  lip  is  thin  ;  the  aperture  is  entire ;  and  there 
may  or  may  not  be  a  narrow  umbilicus. 

Family  21.  ScALARiiDiE. — In  this  family  the  shell  is  spiral  and 
turreted,  many  -  whorled,  the  volutions  marked  with  longitudinal 
ribs ;  and  the  aperture  is  round  and  furnished  with  a  continuous 
peristome.  The  shell  is  perforated,  but  the  umbilicus  is  often  closed 
or  concealed  ;  and  the  operculum  is  horny  and  spiral. 

In  Scalar ia  itself  are  included  the  "  Wentle-traps,"  in  which  the 
shell  is  elongated  and  many-whorled  (fig.  681),  and  the  volutions 
are  adorned  with  transverse  ribs,  while  the  peristome  is  continu- 
ous round  the  circular  aperture.    The  earliest  forms  of  this  genus 


Fig.  680.  —  Holopea 
Guelphensis.  (Billings.) 
Silurian. 
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Fig.  f&T..—Scalaria 
Grtenlandica.  Post- 
Pliocene  and  Recent. 


appear  in  the  Trias,  and  a  number  of  Jurassic  and  Cretaceous 
species  are  known ;  while  the  genus  is  largely  represented  in  the 
Tertiary  rocks  and  at  the  present  day.  In  the  Jurassic  genus 
Exelissa,  the  essential  characters  agree  with 
those  of  Scalaria,  but  the  shell  is  of  small 
size,  the  aperture  is  constricted,  and  the  last 
whorl  may  be  partially  disjunct.  The  Triassic 
genus  Cochlearia  differs  from  Scalaria  in  having 
the  whorls  keeled  and  spirally  striated,  the  trans- 
verse ribs  being  feebly  or  not  at  all  developed, 
while  the  mouth  is  thickened  and  trumpet-shaped  ; 
and  the  Devonian  genus  Scoliostoma  resembles 
Cochlearia  except  that  the  last  volution  is  bent 
upwards  and  the  surface  is  cancellated.  Lastly, 
we  may  place  here  the  ancient  genera  Callonema 
and  Holopella,  which  agree  with  the  typical  mem- 
bers of  this  family  in  having  a  conical  shell  with 
an  aperture  surrounded  by  a  continuous  peristome. 
Callonema  ranges  from  the  Ordovician  to  the  De- 
vonian, and  has  the  surface  ornamented  by  re- 
mote, transverse,  lamellar  ribs;  while  in  Holopella  the  ribs  are 
reduced  to  mere  striae,  or  are  obsolete. 

Family  22.  Ianthinid^. — The  type  of  this  family  is  the  singular 
pelagic  genus  lanthina,  in  which  the  shell  is  thin  and  turbinated, 
with  an  oval  or  subquadrate  aperture,  the  outer  lip  being  thin,  and 
the  columella  slightly  twisted.  On  the  ground  of  similarity  as  re- 
gards the  characters  of  the  radula,  lanthina  is  placed  by  Fischer  in 
the  vicinity  of  the  Scalariidce.  The  only  known  fossil  forms  are 
from  the  Pliocene  deposits  of  Italy. 

Family  23.  Turritellid^. — In  this  family  the  shell  is  spiral, 
many-whorled,  turreted,  the  surface  spirally  ribbed  or  striated.  The 
aperture  is  round  or  subquadrate,  entire,  but  sometimes  slightly 
notched  in  front.  The  outer  lip  is  thin,  and  the  operculum  is 
horny.  All  the  members  of  this  family  are  marine,  and,  if  Vertnetiis 
and  Ccecutn  be  excluded,  the  principal  representative  of  the  group  is 
Turritella  itself  (fig.  682),  the  characters  of  which  are  therefore 
those  given  above.  Many  living  Turritella  are  known,  and  a  still 
larger  number  of  fossil  forms  have  been  described,  the  earliest  un- 
questionable representatives  of  the  genus  occurring  in  the  Jurassic, 
or  perhaps  in  the  Triassic  deposits.  Most  of  the  fossil  species,  how- 
ever, are  found  in  the  Tertiary  rocks. 

Family  24.  Vermetid^. — In  this  family  the  shell  (fig.  683)  is 
tubular,  more  or  less  spiral  at  first,  but  with  its  last  turns  disjunct. 
The  aperture  is  round,  and  is  entire  or  furnished  with  a  lateral  slit. 
A  horny  circular  operculum  is  usually  present.    All  the  members  of 
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this  family  are  marine,  and  the  two  principal  types  are  Vermetus  and 
Siliquaria.  The  genus  Vermetus  is  remarkable  for  the  resemblance 
of  its  tubular  shell  to  the  calcareous  tubes  of  Serptda.  The  shell  is 
usually  attached  to  some  foreign  body,  and  though  regularly  spiral 
when  young,  is  always  irregular  in  its  growth  when  adult.  The  fossil 
species  are  best  distinguished  from  Serpula  by  the  fact  that  the  tube 
is  repeatedly  partitioned  off  by  calcareous  septa  as  the  animal  grows. 
It  is,  however,  often  a  matter  of  extreme  difficulty  to  determine 
whether  a  given  specimen  be  a  Vermetus  or  a  Serpula.  The  range 
of  Vermetus  in  time,  using  this  name  in  its  wide  sense,  is  from  the 
Carboniferous  period  to  the  present  day;  but  most  of  the  fossil 
forms  belong  to  the  later  Secondary  and  Tertiary  deposits.    In  the 


genus  Siliquaria  (fig.  683)  the  shell  resembles  that  of  Vermetus  in 
most  respects,  but  it  is  free,  and  the  tube  has  a  continuous  longi- 
tudinal slit,  which  may  be  replaced  by  a  row  of  pores,  running  along 
the  whole  length  of  the  shell  on  one  side.  The  genus  ranges  from 
the  Cretaceous  to  the  present  day. 

Family  25.  C^ECiDiE. — This  family  comprises  only  the  genus 
Cacum,  in  which  the  shell  is  free,  and,  to  begin  with,  forms  a  small 
flat  spiral.  With  age,  however,  the  shell  becomes  decollated,  and 
has  in  its  adult  state  the  form  of  a  curved  cylindrical  tube,  the 
truncated  end  of  which  is  closed  by  a  transverse  calcareous  partition. 
A  number  of  recent  and  a  few  fossil  forms  of  the  genus  are  known, 
the  oldest  of  the  latter  being  found  in  the  Eocene  Tertiary. 

Family  26.  Pyramidellid^. — In  this  family  the  shell  is  spiral 
and  turreted,  often  with  a  polished  surface.  The  aperture  is  small 
and  entire,  sometimes  with  one  or  more  prominent  plaits  on  the 
columella.  The  operculum  is  horny,  ear-shaped,  and  paucispiral. 
All  the  members  of  this  family  are  marine,  and  most  of  the  living 
forms  are  of  small  size. 


Fig.  682. — Turritella  angulata. 
Neocomian. 


Fig.  683. — Siliguaria  angiiina. 
Pliocene  and  Recent. 
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Fig.  684. — A,  Eulima  vagans,  Jurassic  (after 
Morris  and  Lycett)  ;  b,  Pyramidella.  laroiuscula, 
Pliocene  (after  Searles  Wood) ;  c,  Chemnitzia 
iniernodula,  Eocene  (after  Searles  Wood). 


In  Fyratnidella  (fig.  684,  b)  the  shell  is  slender  and  turreted, 
and  the  columellar  lip  is  plaited.  The  genus  is  represented  by  a  num- 
ber of  Recent  and  Tertiary  species,  while  still  older  forms  occur  in 
the  Cretaceous  rocks.     Odostomia,  with  a  similar  geological  range, 

includes  minute  turreted  shells 
very  similar  in  most  respects 
to  Pyramidella,  but  having  a 
single  tooth-like  columellar  fold. 
Turbonilla,  with  the  same  range 
in  time,  nearly  resembles  the 
preceding,  but  the  columellar 
lip  is  simple,  or  has  a  feeble 
oblique  fold.  Chemnitzia  (fig. 
684,  c)  includes  a  number  of 
slender,  turreted,  many-whorled 
shells,  with  plaited  whorls  and 
a  simple  aperture,  the  columellar  lip  having  neither  teeth  nor  folds. 
Numerous  fossil  forms  are  known  in  the  Triassic,  Jurassic,  and 
Cretaceous  deposits,  in  marine  sediments  only ;  and  there  are  also 
Tertiary  species.  It  is  doubtful  if  the  distinction  between  Chein- 
nitzia  and  Tjirbonilla  can  be  maintained.  Eulima  (fig.  684,  a) 
includes  small,  polished,  elongated  shells,  with  level  whorls  and  a 
reflected  inner  lip.  The  genus  ranges  from 
the  Trias  to  the  present  day,  a  large  number 
of  species  occurring  in  the  Tertiary  deposits. 
Niso,  with  the  same  geological  range,  has  the 
shell  umbilicated,  but  otherwise  resembles  Eu- 
liftia. 

Family  27.  Pseudomelaniid^. — This  family 
has  been  founded  for  the  reception  of  certain 
extinct  marine  Gastropods,  of  which  Loxonema 
and  Macrocheilus  are  the  two  most  important 
types.    In  this  family  the  shell  is  many-whorled 
and  turreted,  with  an  oval  aperture,  which  is 
typically  entire,  but  is  occasionally  notched  in 
front.     The  columella  is  simple,  or   may  be 
slightly  folded  anteriorly.    The  forms  included 
in  this  family  have  a  general  resemblance  to 
Melania,  but  they  are  found   in   deposits  of 
marine  origin,  whereas  the  Melania  are  inhabi- 
tants of  fresh  water. 
The  shell  in  Loxone?na  (fig.  685)  is  long  and  turreted,  with  con- 
vex whorls,  which  have  no  spiral  band ;  and  the  surface  is  covered 
with  longitudinal,  often  more  or  less  arched  strife  or  ribs,  while 
the  outer  lip  is  more  or  less  sinuated.    The  genus  ranges  from  the 


Fig.  685.  —  Loxone- 
ma rtcgi/cra,  Carbon- 
iferous Limestone. 
(After  Phillips.) 
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thick  smooth  shells, 


Fig.  6S6. — Macroclieilus 
arculatus.  Middle  De- 
vonian. 


Silurian  to  the  Trias,  but  attains  its  maximum  development  in  the 
Carboniferous  Limestone. 

The  genus  Macrocheilus  (fig.  686)  includes 
with  a  moderately  long  spire  and  a  pointed 
apex,  and  with  convex  whorls.  The  aperture 
is  oval,  not  distinctly  notched ;  the  inner  lip  is 
callous,  and  the  columella  is  imperforate  and 
obtusely  folded  in  front.  The  genus  ranges 
from  the  Devonian  to  the  Trias,  the  majority 
of  the  known  species  being  Carboniferous. 
No  species  of  the  genus  has  been  detected  in 
the  later  Secondary  or  Tertiary  deposits,  but  a 
living  Japanese  shell  has  been  referred  here. 
The  Devonian  and  Carboniferous  genus  Ortho- 
nema  appears  to  be  related  to  Loxonema^  and 
the  Carboniferous  genus  Solenisais  has  been 
placed  here,  though  the  aperture  is  canalicu- 
lated  in  front.  Lastly,  the  Secondary  and 
Tertiary  genus  Psetidoinelania  finds  a  place  in 
this  family. 

Family  28.  Melaniid^.  —  In  this  family 
the  shell  is  spiral  and  turreted,  covered  with  a  thick  epidermis,  and 
often  much  eroded  towards  the  apex  of  the  spire.    The  aperture  is 
oval,  and  either  entire  or  channelled  or 
notched  in  front  (fig.  687),  the  outer  lip 
being  acute.    The  operculum  is  horny 
and  spiral.    The  members  of  this  family 
are   essentially  fresh-water  Gastropods, 
a  few  forms  only  inhabiting  brackish 
waters. 

In  Melanin  itself  the  shell  is  usually 
adorned  with  strise,  ribs,  or  spines,  and 
the  aperture  is  entire  and  pointed  above 
(fig.  687,  a).  The  recent  species  of 
Melania  have  an  exceedingly  wide  geo- 
graphical range,  and  fossil  forms  are 
found  in  moderate  numbers  in  the  Cre- 
taceous and  Tertiary  deposits.  In  Pleu- 
rocera  the  aperture  is  canaliculated  be- 
low, and  the  outer  lip  is  sinuated.  The 
recent  forms  of  this  type  are  North 
American,  and  the  genus  has  numerous  representatives  in  the 
Cretaceous  and  Tertiary  deposits.  In  Melanopsis,  lastly,  the  aper- 
ture is  deeply  notched,  and  the  spire  is  often  shortened  ;  while  in 
Pirena  (fig.  687,  c)  the  aperture  has  the  same  form,  but  the  shell 


Fig.  68;;. — A,  Melania  amarula, 
and  (d)  its  operculum,  Recent ; 
c,  Pirena  atra,  Recent.  (.-Vfter 
Woodward  ) 
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Fig.  688.  —  Cyclostoma 
Anwudii.  Eocene  Ter- 
tiary. 


IS  turreted.  Both  genera  range  from  the  Cretaceous  period  to  the 
present  day. 

Family  29.  Cyclostomid^. — In  this  family  are  included  terres- 
trial Gastropods,  which  possess  a  pulmonary  chamber,  and  which 
have  therefore  been  commonly  included  among 
the  Puhnogastropoda.    The  shell  is  of  variable 
shape,  spiral,  sometimes  conical  (fig.  688), 
sometimes  depressed  or  discoidal.    The  aper- 
ture is  nearly  circular,  and  the  peristome  is 
simple  or  reflected.    An  operculum  is  present, 
and  is  usually  more  or  less  extensively  calcified. 
The  principal  genus  in  this  family  is  Cyclostoma 
(fig.  688)  itself,  which  has  been  split  up  into  a 
number  of  subordinate  groups.     The  oldest 
forms  of  Cyclostoma,  in  the  general  sense,  ap- 
pear in  the  Cretaceous  rocks,  and  a  number  of  Tertiary  species  are 
known,  while  the  genus  is  largely  represented  at  the  present  day. 
Family  30.  Aciculid^. — This  family  includes  small  terrestrial 
Gastropods,  provided,  like  the  preceding,  with  a 
pulmonary  chamber.    The  shell  is  elongated  and 
cylindrical,  with  a  blunt  apex,  and  a  thickened 
peristome.    There  is  an  operculum,  but  this  is 
never  calcified.    The   recent  genus  Acicula  is 
represented  in  the  later  Tertiary  deposits. 

The  genus  Truncatella  —  sometimes  i^egarded  as 
the  type  of  a  separate  family  {TrimcatellidcE) — com- 
prises littoral  or  fresh-water  Gastropods,  sometimes 
semi-terrestrial  in  habit,  and  related  on  the  one  hand 
to  Aciciila,  and  on  the  other  hand  to  the  Rissoidm. 
The  nature  of  the  breathing-organs  has  not  been 
clearly  ascertained.  The  shell  in  Trimcatella  is  elon- 
gated and  cylindrical,  often  truncated  in  the  adult 
state,  and  with  an  entire  oval  aperture.  Species  of 
the  genus  have  been  detected  in  the  Tertiary  de- 
posits, the  oldest  appearing  in  the  Eocene. 

Family  31.  Subulitid^. — In  this  family  the 
shell  (fig.  689)  is  elongate  and  fusiform,  with  a 
smooth  surface.  The  aperture  is  long  and  nar- 
row, and  is  distinctly  canaliculated  in  front.  This 
family  includes  some  Pateozoic  and  Triassic  Gas- 
Fig.  6%g.—suimiites  tropods,  of  which  Subulites  is  the  type,  in  all  of 
urebriforjuis.  Silurian,  -yvhich  the  peristome  is  incomplete  and  the  shell 

North  America.    (After  , 

Hall.)                   notched  in  front.  By  Lmdstrom  the  members 

of  this  group  are  regarded  as  the  most  ancient 

representatives  of  the  division  of  the  Siphonostomatous  Proso- 
branchs. 
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In  Suhdifes  {}  =  Folyphemopsis,  Portlock)  the  shell  is  elongated, 
slender  and  fusiform,  with  a  smooth  surface  and  a  shallow  suture. 
The  shell  is  thin  and  fragile,  and  is  truncated 
or  rounded  in  front  (fig.  689).  The  aperture  is 
long  and  narrow ;  the  outer  lip  is  thin,  and  the 
inner  lip  is  involute;  and  there  is  a  distinct 
notch  in  front.  The  range  of  the  genus  is  from 
the  Ordovician  to  the  Carboniferous.  The  genus 
Etichrysalis,  ranging  from  the  Silurian  to  the 
Trias,  closely  resembles  Subulites  in  the  shape 
and  other  characters  of  the  shell,  and  is,  perhaps, 
hardly  separable  from  the  preceding.  Lastly,  in 
the  Ordovician  genus  Fusispira  (fig.  690)  the 
shell  is  fusiform,  with  an  elevated  spire  and  con- 
vex whorls.  The  aperture  is  oval  or  elliptical, 
and  is  prolonged  below  into  a  shallow  canal ; 
while  the  columella  is  twisted,  but  is  without 
folds. 

Family  32.  Nerineid^. — In  this  family  the 
shell  is  turreted,  thick,  and  solid,  and  the  aper-     „.    ^      ^  .  ^  • 

'  '  '  .      .         Fig.   690. — Fusispira 

ture  is  canaliculated  in  front.    The  outer  hp  is  terebri/onnis.  Ordo- 

,    .       .        ,    J  •     1  „     i„  ■     1       vician.   North  America. 

acute,  and  is  sinuated  superiorly  or  posteriorly,  (^fter  i-iaii.) 

a  slit-band  which  runs  continuously  below  the 

suture  being  thus  produced.    The  columella  and  parietes  of  the 

aperture  are  furnished  with  continuous  folds,  which  are  prolonged 


Fig.  69J. — A'erinea 
bisidcata.  Cliallc.  In 
the  lower  part  of  the 
specimen  the  shell  is 
preserved,  while  the 
upper  part  shows  the 
cast  of  the  interior. 


Fig.  692. — Nerinea  Coodhallii, 
one-fourth  of  the  natural  size. 
The  left-hand  figure  represents 
a  vertical  section  of  the  shell. 
Coral  Rag,  England. 


into  the  interior  of  the  spire.  All  the  members  of  this  family  are 
extinct,  and  all  are  confined  to  the  Secondary  period. 
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The  principal  or  sole  genus  in  this  family  is  Nerinea  itself, 
which  has  been  divided  into  several  sub-genera.  In  this  genus 
the  shell  (figs.  691  and  692)  is  turreted,  many-whorled,  and  nearly 
cylindrical.  The  columella  carries  continuous  ridges,  and  similar 
ridges  exist  on  the  interior  of  the  whorls,  so  that  casts  of  the 
interior  are  often  very  unhke  the  exterior.  The  genus  Nerinea 
is  wholly  Jurassic  and  Cretaceous,  a  very  large  number  of  species 
being  found  in  the  former  of  these  systems,  and  particularly  in 
strata  of  the  age  of  the  Coral  Rag. 

Family  33.  Cerithiid^. — In  this  family  the  shell  (fig.  693)  is 
spiral  and  turreted.  The  aperture  is  oval  or  quadrate,  and  is 
channelled  in  front,  the  canal  being  short  and  often  bent  back- 
wards. The  outer  lip  is  generally  expanded  in  the  adult,  the 
columella  is  sometimes  thickened,  and  the  operculum  is  horny  and 
spiral.  The  members  of  this  family  are  marine  or  live  in  brackish 
waters,  some  forms  frequenting  salt  marshes  or  the  mouths  of  rivers. 
More  than  three  hundred  recent  species,  and  over  a  thousand  fossil 
forms,  of  this  family  have  been  described,  the  most  ancient  types 
appearing  in  the  Trias.  The  known  forms  belong  to  the  two 
comprehensive  genera  Cerithmm  and  Fotamides,  each  of  which 
has  been  split  up  into  minor  groups,  to  some  of  which  a  generic 
value  is  sometimes  attached. 

In  Cerithium  proper  (fig.  693)  the  shell  is  without  an  epidermis, 
the  operculum  is  paucispiral,  and  the  aperture  has 
a  well-developed,  backwardly-bent  canal.  The 
species  of  Cerithium  are  essentially  marine,  and 
the  genus  has  been  broken  up  into  sub-generic 
groups  {^Fibula,  Eustoma,  &c.),  the  distinctive 
characters  of  which  are  mostly  of  small  import- 
ance. The  species  of  Cerithium  abound  in  the 
Secondary  and  Tertiary  rocks,  and  in  warm  seas 
at  the  present  day.  The  oldest  forms  appear  in 
the  Alpine  Trias. 

The  genus  Fotamides  closely  resembles  Cet-i- 
thium  in  general  characters ;  but  the  surface  is 
covered  with  epidermis,  the  aperture  has  only  a 
short  canal  or  a  notch  in  front,  and  the  operculum 
is  multispiral.  The  species  of  Fotamides  live  in 
brackish  waters  or  at  the  mouths  of  rivers.  In 
the  fossil  condition  the  shells  of  Fotamides  cannot  be  certainly 
distinguished  from  those  of  Cerithium,  but  it  is  usual  to  consider 
that  the  representatives  of  this  family  which  occur  in  estuarine  or 
fresh-water  deposits  are  referable  to  the  former  genus,  while  those 
which  occur  in  purely  marine  deposits  belong  to  the  latter.  On  this 
view,  the  species  of  Fotamides  are  Cretaceous,  Tertiary,  and  Recent. 


Fig.  693. — Cerithium 
hexagonuiii.  Eocene 
Tertiary. 
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The  genus  has  been  split  up  into  several  sub-genera  {BitHum,  Trt- 
foris,  Ceriiella,  &c.),  but  these  are  of  little  importance. 

Family  34.  Aporrhaid^. — In  this  family  the  shell  is  fusiform, 
turreted  or  conical ;  the  aperture  is  prolonged  in  front  into  a  canal ; 
the  outer  lip  is  expanded,  aliform  or  digitate ;  and  the  operculum  is 
horny.  The  members  of  this  family  are 
all  marine,  and  they  are  closely  allied  to 
the  Strombida.  The  two  principal  genera 
in  this  family  are  Aporrhais  itself  and 
Alaria. 

In  Aporrhais  (fig.  694)  the  shell  is 
spindle-shaped,  with  a  turreted  spire,  and 
the  outer  lip  of  the  adult  is  greatly  ex- 
panded and  lobed,  the  inner  lip  being 
callous.  The  aperture  is  narrow,  and  is 
prolonged  into  a  longer  or  shorter  anterior 
canal,  while  its  posterior  angle  is  prolonged 
into  an  open  tube,  and  the  outer  lip  is 
sinuated  in  front.  The  genus  has  been 
broken  up  into  numerous  minor  groups, 
and  is  represented  by  numerous  Jurassic, 
Cretaceous,  and  Tertiary  forms,  and  by  a 
few  recent  species.  The  genus  Alaria 
comprises  forms  with  a  general  resem-  J)^-  l?,^;i^c1mr^'"tA^tr^'j: 
blance  to  Aporrhais;  but  there  is  no  Starkie  Gardner.) 
posterior  canal,  and  the  outer  lip  has  no 

proper  sinus  in  front.  The  species  of  Alaria,  in  the  wide  sense  of 
the  name,  are  confined  to  the  Jurassic  and  Cretaceous  deposits, 
being  especially  abundant  in  the  former. 

Family  35.  SxROMBiDiE. — In  this  family  the  shell  is  conical  or 
fusiform,  with  a  pointed  spire.  The  aperture  is  prolonged  into  a 
canal  in  front ;  and  the  outer  lip  is  expanded,  and  has  a  notch  or 
sinus  in  front,  near  the  canal.  The  operculum  is  horny  and  claw- 
shaped.  The  foot  is  narrow  and  adapted  for  leaping,  and  there  is 
a  long  proboscis,  with  two  tentacles  carrying  the  eyes  at  their  apices. 
The  members  of  this  family  are  all  marine. 

In  the  genus  Stroinbus  the  shell  has  a  short  spire  and  a  large 
body-whorl,  and.  the  long  aperture  is  prolonged  into  a  short  canal 
in  front  and  has  a  notch  behind.  The  outer  lip  is  expanded,  and 
is  more  or  less  deeply  indented  or  notched  in  front,  near  the  canal. 
The  genus  is  represented  by  a  number  of  recent  species,  and  by  a 
moderate  number  of  Cretaceous  and  Tertiary  species. 

The  genus  Pteroceras  (or  Pterocerd)  comprises  the  so-called 
"Scorpion-shells,"  in  which  the  shell  of  the  adult  (fig.  695)  has  its 
outer  lip  furnished  with  long  claws,  one  of  which  forms  a  posterior 
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canal  close  to  the  spire.  Many  fossil  species  are  known,  commenc- 
ing in  the  Lias. 

In  the  genus  Rostellaria  (fig.  696),  the  spire  is  long,  and  has  the 
posterior  canal  running  up  it.  Many  fossil  species  are  known, 
commencing  in  the  Cretaceous  rocks.  The  outer  lip  is  always 
expanded,  and  in  some  forms  is  enormously  so.  One  of  the  most 
familiar  species  is  the  great  R.  ampla  (fig.  696)  of  the  London 
Clay  (Eocene). 

Lastly,  in  the  genus  Terebellum  {  =  Seraphs)  the  shell  is  elongated 
and  subcylindrical,  with  a  short  or  obsolete  spire.  The  aperture  is 
long  and  narrow,  with  a  thin  outer  lip  and  a  short  canal.    There  is 


Fig.  695. — Pteroceras  oceani.  Neocomian. 

an  emargination  of  the  outer  lip  in  front.  The  genus  is  Tertiary 
and  Recent,  most  of  the  fossil  forms  being  found  in  the  Eocene 
rocks. 

Family  36.  CyprjEID^e.  —  In  this  family  the  shell  is  spirally 
rolled  up,  but  the  spire  is  more  or  less  completely  concealed,  owing 
to  the  fact  that  the  shell  becomes  overlaid  by  a  coating  of  enamel. 
The  aperture  is  long  and  narrow  (fig.  697),  and  is  channelled  at  both 
ends.  The  outer  lip  is  thin  in  the  young  shell,  but  is  thickened 
and  strongly  inflected  in  the  adult.  The  foot  is  broad,  and  the 
mantle  forms  lobes  which  meet  over  the  back  of  the  shell. 

The  principal  genus  in  this  family  is  Cyprcea  itself,  comprising 
the  numerous  and  well-known  living  shells  commonly  spoken  of  as 
Cowries.  The  Cyprcea  are  mainly,  but  not  exclusively,  inhabi- 
tants of  warm  seas,  and  they  attain  their  highest  development 
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between  the  tropics.  A  single  species  has  been  found  in  the 
highest  Jurassic  beds  in  Sicily  (Zittel),  but  with  this  exception  the 


Fig.  bqd.—Rostcllaria  ainpla,  reduced  one-third.    Eocene  Tertiary. 


fossil  species  date  from  the  Cretaceous  period,  and  abound  in 
the  Tertiaries. 

The  shell  of  the  Cowries  in  the  young  state  is  furnished  with  a 
prominent  spire,  and  has  a  thin  outer  lip.  In 
the  adult  state  (fig.  697)  the  spire  is  com- 
pletely concealed  within  the  shell,  the  entire 
surface  is  generally  covered  with  shining 
enamel,  the  inner  lip  is  crenulated,  and  the 
outer  lip  is  thickened,  inflected,  and  crenu- 
lated. The  small  Cowries  of  which  the  com- 
mon Cypraa  {Trivia)  Europoea  is  the  type, 
are  not  known  to  occur  in  the  Secondary 
rocks,  but  have  a  few  Tertiary  representatives. 
They  are  distinguished  from  the  ordinary 
Cowries  by  the  fact  that  the  upper  surface  is 
adorned  with  transverse  ribs.  The  genus 
Ovidiim  is  closely  related  to  Cyprcea,  but  the 
aperture  is  drawn  out  anteriorly  and  posteriorly,  and  the  inner  lip 
is  smooth.  The  genus  dates  from  the  Eocene,  and  possesses  a 
number  of  existing  representatives.    Erato,  again,  ranging  from 


Fig.  6<)j.—Cy^ra>a  elegans. 
Kocene  Tertiary. 
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Fig.  698. — Cassis  canalicula 
ius.  Recent. 


the  Chalk  to  the  present  day,  differs  from  the  Cowries  in  having 
a  cone-shaped  shell,  with  a  short  but  visible  spire. 

Family  37.  Cassidid^.. — In  this  family  the  shell  is  ventricose, 
with  a  short  spire  and  a  large  body-whorl.  The  aperture  is  long 
and  narrow,  notched  in  front,  or  with  a  short  recurved  canal  (fig. 

698).  The  inner  lip  is  callous,  and  the 
outer  lip  is  thickened  and  often  plaited  or 
denticulated.  The  members  of  this  family 
are  all  marine,  and  the  oldest  forms  belong- 
ing to  it  appear  in  the  Upper  Cretaceous 
rocks. 

The  genus  Cassis  (fig.  698)  comprises  the 
"  Helmet-shells,"  distinguished  by  their  short 
spire,  large  body-whorl,  elongated  aperture, 
short  recurved  anterior  canal,  and  expanded 
inner  lip.  The  earliest  forms  of  Cassis  ap- 
pear in  the  Eocene  Tertiary,  and  the  genus 
still  survives.  Cassidaria  (Upper  Cretaceous 
to  Recent)  closely  resembles  Cassis,  but  the 
canal  is  elongated  and  produced.  Lasdy,  Onisda,  with  the  same 
range  in  time  as  Cassidaria,  has  the  aperture  truncated  in  front, 
with  a  straight  canal  or  notch. 

Family  38.  Doliid^. — In  this  family  the  shell  is  thick  and  ven- 
tricose, with  a  large  body-whorl  and  a  wide  oval  aperture.  The 

whorls  are  longitudinally  ribbed,  and  there 
is  a  short  anterior  canal,  which  may  be 
straight  or  recurved.  This  family  includes 
only  the  genus  Dolium,  the  species  of  which 
are  marine.  The  fossil  forms  are  chiefly 
Tertiary,  but  a  Cretaceous  species  of  the 
genus  is  known. 

Family  39.  Ficulid^e.  —  In  this  family 
the  shell  is  thin  and  ventricose,  spirally 
ribbed  or  cancellated  (fig.  699).  The  aper- 
ture is  of  large  size,  and  is  prolonged  in 
front  into  a  long  canal.  This  family  in- 
cludes only  the  genus  Ficula  {Pyriila  in 
part),  in  which  the  shell  is  pyriform,  with 
a  very  large  body-whorl  and  a  short  spire, 
and  with  a  sharp  outer  lip.  The  recent 
species  of  Ficula  are  inhabitants  of  the  sea,  and  the  earliest  fossil 
forms  of  the  genus  appear  in  the  Cretaceous  rocks. 

Family  40.  TRixoNiiDi?:. — In  this  family  the  shell  is  spindle- 
shaped,  with  a  straight  or  somewhat  bent  canal.  The  whorls  are 
often  adorned  with  varices,  and  a  horny  operculum  is  present. 


Fig.  699. — Ficula  (Pynila) 
reticulata.  Miocene  Ter- 
tiary   (After  Zittel.) 
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The  members  of  this  family  are  all  marine,  and  the  two  pnncipal 
genera  contained  in  it  are  Tritonium  ( =  Triton)  and  Ranella.  The 
former  of  these  ranges  from  the  Cretaceous  period  to  the  present 
day,  while  the  species  of  the  latter  are  Tertiary  and  Recent. 

Family  41.  Buccinid^.— In  this  family  the  shell  is  conical,  with 
a  large  aperture,  which  is  notched  in  front, 
or  prolonged  into  a  very  short  canal,  which 
is  reflected  so  as  to  produce  a  sort  of  varix 
on  the  back  of  the  shell  anteriorly.  All 
the  members  of  this  family  are  marine, 
and  the  three  most  important  genera  com- 
prised in  it  are  Buccmuin,  Nassa,  and 
Ehirna. 

The  Whelks  form  the  genus  Biicciniim 
(fig.  700),  distinguished  by  the  ventricose 
body-whorl,  large  aperture,  and  short  re- 
flected canal.  Some  few  species  of  Biic- 
cinum  are  found  in  the  Cretaceous  rocks  ; 
but  the  genus  is  essentially  Tertiary  and 
Recent. 

The  genus  Nassa  (fig.  701)  comprises 
the  "  Dog-whelks,"  in  which  the  shell  has 
a  general  resemblance  to  that  of  Buc- 
cmum,  but  the  columellar  lip  is  expanded 

and  callous,  and  generally  shows  a  tooth-like  fold  near  the  anterior 
canal.    More  than  two  hundred  recent  species  of  N'assa  are  known, 
and  a  large  number  of  Pliocene  and  Miocene 
species  have  been  described.    In  the  early  Ter- 
tiary deposits  the  genus  is  sparingly  represented, 
and  the  oldest  types  appear  in  the  Chalk. 

In  the  genus  Ebiirna,  the  shell  is  umbilicated 
when  young,  but  the  inner  lip  is  callous,  and  in  the 
adult  condition  is  expanded  so  as  to  cover  the 
umbilicus.     The  genus  is  wholly   Tertiary  and 
Recent.    Lastly,  the  genus  Brachytreina  includes 
Jurassic  types  of  the  Buccinida,  in  which  the  shell  (After  Searies Wood.) 
is  turbinated,  solid,  and  of  small  size,  with  nod- 
ulated, ribbed,  or  cancellated  whorls.    The  columella  is  smooth, 
and  there  is  a  short  oblique  canal.    By  Fischer  the  genus  is  doubt- 
fully referred  to  the  Cerithiidce. 

Family  42.  Columbellid^e. — In  this  family  the  shell  is  ovate  or 
fusiform,  with  a  short  spire  and  a  large  body-whorl.  The  aperture 
is  long  and  narrow  ;  the  outer  lip  is  thickened  and  toothed  inter- 
nally, and  the  inner  lip  is  toothed  or  granulated  in  front.  The 
members  of  this  family  are  all  marine,  and  the  three  principal  genera 


Fig.  700. — Bucci^ium  glaciate. 
Post-Pliocene  and  Recent. 


Fig.  701.  —  Kassa 
pusillina.  Pliocene. 
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comprised  in  it  are  Columbella  (Tertiary  and  Recent),  Columbellina 
^Uretaceous),  and  Cohimbellaria  (Jurassic  and  Cretaceous) 

Family  43.  Purpurid^.— In  this  family  the  shell  is  oval  or  fusi- 
torm,  with  a  short  spire.    The  columellar  lip  is  expanded  and  more 


Fig.  jo2.—Ptirpura  tetragona.  Plio- 
cene.   (After  Searles  Wood.) 


Fifi.  Jo^.—Purfiuroidea  nodulata. 
Jurassic.  (Copied  from  Zittel.) 


or  less  flattened,  and  there  is  a  short  anterior  canal.  The  members 
of  this  family  are  all  marine,  and  the  principal  genera  are  Purpura, 
Purpuroidea,  and  Rapana. 

In  the  genus  Purpura  (fig.  702)  the  shell  has  a  short  spire  and 
a  large  body-whorl;  the  columellar  lip  is  smooth  and  flattened; 


Fig.  -joi,.— Funis  Neocotniensis. 
Lower  Greensand. 


Fig.  705. — Fus-us  {Clijysodomus)  con- 
traritis.    Pliocene  (Red  Crag). 


and  there  is  a  short  oblique  canal  or  notch  in  front.  The  genus  is 
exclusively  Tertiary  and  Recent,  and  the  fossil  forms  are  few  in 
number. 

In  the  Jurassic  and  Cretaceous  genus  Purpuroidea  (fig.  703)  the 
shell  is  oval  and  ventricose,  with  a  short  pointed  spire  and  a  large 
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body-whorl.  The  whorls  are  convex  and  have  a  row  of  tubercles 
below  the  suture.  The  outer  lip  is  thin,  the  columella  is  smooth, 
and  there  is  a  short  wide  canal.  Lastly,  in  Rapana  the  shell  is 
ventricose,  with  a  short  spire,  the  aperture  is  produced  in  front, 
and  the  columella  is  umbilicated.  The  genus  ranges  from  the 
Cretaceous  to  the  present  day. 

Family  44.  Fusid^.— In  this  family  the  shell  is  elongated  or 
fusiform,  dextral,  or  sinistral,  usually  without  varices.  The  aperture 
is  moderately  long,  and  is  produced  in  front  into  a  long  straight 
canal.  The  operculum  is  horny.  The  members  of  this  family  are 
all  marine,  and  the  principal  genera  placed  under  this  head  by  Zittel 
are  Fiisns,  Fisa?ua,  Fasciolaria,  Turbinella,  and  Pyrida. 

In  the  genus  Ftmis  the  shell  is  spindle-shaped  (figs.  704  and 
705)  and  many-whorled,  with  an  elongated  straight  canal.  A 
very  large  number  of  Recent  and  fossil  forms  of  Ficsus  have  been 
recorded,  and  the  genus  has  been  broken  up  into  a  large  num- 
ber of  minor  groups  or  sub-genera,  the  characters  of  which  cannot 
be  discussed  here.  Using  the  term 
in  its  wide  sense,  Fusus  ranges  from 
the  Jurassic  period  to  the  present  day, 
attaining  its  maximum  development  in 
the  Eocene  and  Miocene  periods.  An 
abundant  form  in  the  Red  Crag  (Newer 
Pliocene)  is  the  well  -  known  Fusus 
{Chrysodo7nus)  contrarius,  in  which  the 
shell  is  reversed  (fig.  705).  This  species 
has  now  been  found  in  the  living  con- 
dition. Fusus  {Chrysodomus)  tornatus  is 
a  common  fossil  in  the  Glacial  deposits 
of  Canada  (fig.  706),  and  still  survives 
in  the  neighbouring  seas. 

In  Pisania  the  shell  is  generally  of 
small  size,  with  an  elevated  spire  and  a 
short  canal.  The  surface  is  smooth  or 
spirally  striated,  and  the  outer  lip  is 
crenulated.  The  genus  is  exclusively 
Tertiary  and  Recent. 

In  Fasciolaria  the  shell  is  fusiform  and 
elongated,  with  smooth,  angulated,  or  tuberculated  whorls.  The 
aperture  is  elongated,  and  is  prolonged  anteriorly  into  a  wide, 
generally  straight  canal.  The  outer  lip  is  thin,  and  the  columellar 
lip  is  tortuous,  with  several  oblique  folds.  The  genus  ranges  from 
the  Chalk  to  the  present  day. 

In  Turbinella  the  shell  is  thick,  with  a  short  spire  and  a  long 
straight  canal,  the  columella  having  several  transverse  folds.  Lastly, 


Fig.  706. — Fusus  (JZhrysodovtus) 
tornatus^  from  the  Glacial  deposits 
of  Canada. 
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Fig.  707.  —  Fji/gur 
canaliculatus.  Mio- 
cene. 


the  genera  Melongena,  Fulgur  (fig.  707),  and  Tudida,  form  portions 
of  the  old  genus  Pyrula,  and  all  possess  a  pear-shaped  ventricose 
shell,  with  a  short  spire  and  a  large  body-whorl.  Melongena  has 
a  short  wide  canal  and  nodose  or  spinose 
whorls,  and  is  exclusively  Tertiary  and  Recent. 
Fulgiir  and  Tiidida,  on  the  other  hand,  have  a 
long  straight  canal;  and  both  genera  have  recent 
representatives,  the  former  commencing  in  the 
Miocene,  and  the  latter  in  the  Cretaceous  de- 
posits. 

Family  45.  Muricid^. — In  this  family  the 
shell  has  a  moderately  high  spire,  and  the  sur- 
face is  adorned  with  foliaceous  expansions,  spines, 
or  well-marked  varices.  The  aperture  is  round 
or  oval,  entire  posteriorly,  and  prolonged  an- 
teriorly into  a  straight  or  slightly  oblique  canal, 
which  is  generally  partially  closed  in.  The 
members  of  this  family  are  all  marine,  and 
with  the  exception  of  a  few  Cretaceous  forms, 
they  are  confined  to  the  Tertiary  and  Recent  periods. 

In  the  genus  Murex  (fig.  708)  the  shell  is  sometimes  elongated, 
sometimes  ventricose,  and  the  surface  is  adorned  with  varices  in  the 

form  of  longitudinal  ridges  or 
rows  of  spines.  The  aperture  is 
rounded,  and  the  canal  is  usually 
greatly  prolonged,  and  is  always 
partially  closed  in.  Taken  in  its 
wide  sense,  the  genus  Murex 
ranges  from  the  Chalk  to  the  pre- 
sent day,  a  large  number  of  spe- 
cies having  been  obtained  from 
the  Tertiary  rocks.  In  the  nearly 
related  genus  Typhis  (fig.  709) 
there  are  tubular  spines  between 
the  varices,  and  the  last  of  these 
lodges  the  posterior  siphon, 
while  the  canal  is  completely 
closed  in.  The  species  of  Ty- 
phis range  from  the  Chalk  to 
the  present  day.  Lastly,  in  the 
genus  Trophon  the  shell  is  fusi- 
form, with  numerous  narrow  varices,  the  canal  being  open  and 
slightly  bent  to  one  side.    The  genus  is  Tertiary  and  Recent. 

Family  46.  Volutid^. — In  this  family  the  shell  is  turreted  or 
convolute,  with  a  shining,  often  enamelled,  surface,  and  a  large  body- 


Fig.  708. — Murex  Sedgmickii. 

(After  Zittel.) 


Miocene. 
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Fig.  -jaij.—  Tyfihis  tttbifer.  Eocene 
Tertiary. 


whorl.  The  aperture  is  notched  in  front  or  produced  into  a  short 
canal,  and  the  columella  is  ob- 
liquely plaited.  There  is  usu- 
ally no  operculum,  the  foot  is 
very  large,  and  the  mande  is 
often  reflected  over  the  shell. 
The  living  members  of  the 
Voliitidce.  are  chiefly  inhabi- 
tants of  warm  seas,  and  are 
often  remarkable  for  their 
brilliant  colours.  The  family 
does  not  appear  to  have  exist- 
ed till  towards  the  later  portion 
of  the  Cretaceous  period ;  but 

it  is  abundantly  represented  in  the  Tertiaries,  and  attains  its  maxi- 
mum in  existing  seas.  The  most  important  genera  are  Voluta,  V ol- 
utomitra,  Mitra,  and  Marginella. 

The  true  Volutes  form  the  genus  Valuta 
(fig.  710),  characterised  by  the  short  spire, 
large,  deeply-notched  aperture,  and  columella 
with  several  plaits.  A  large  number  of  recent, 
and  still  more  numerous  fossil,  forms  of  Valuta 
are  known,  the  earliest  types  appearing  in  the 
Cretaceous  rocks.  The  genus  has  been 
divided  into  a  number  of  sub-genera,  one  of 
the  most  important  of  which  is  Vohdilithes, 
represented  by  numerous  forms  in  the  Creta- 
ceous and  older  Tertiary  deposits. 

Mitra,  Volutomitra,  and  Turriaila,  are 
hardly  distinguishable  as  fossils,  all  of  them 
possessing  a  spindle-shaped  shell,  with  a  long 
spire  and  a  small  aperture,  an  anterior  notch 
or  short  canal  being  present,  and  the  colu- 
mella being  obliquely  plaited.  The  typical 
Mitra  have  the  outer  lip  thickened  and 
smooth  within,  and  are  characteristic  of  the 
Tertiary  and  Recent  periods.  In  Turriaila 
the  outer  lip  is  striated  internally,  and  the 
surface  is  transversely  ribbed.  Forms  of 
this  type  range  from  the  Cretaceous  rocks 
to  the  present  day.  In  Voluto7iiitra  (Ter- 
tiary and  Recent)  the  outer  lip  is  thin  and 
simple. 

In  Marginella,  lastly,  the  shell  is  smooth, 
with  a  short  or  concealed  spire ;  and  the  aperture  is  truncated 


Fig.  710. —  I'oluta  elongata. 
Chalk. 
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in  front,  with  a  wide  notch,  a  plaited  columella,  and  a  thickened 
outer  hp.  The  genus  is  Tertiary  and  Recent. 
^Family  47.  Harpid^.— The  type  of  this  family  is  the  genus 
Harpa,  m  which  the  shell  is  ventricose,  with  a  short  spire  and  a 
large  body-whorl ;  the  whorls  are  convex  and  adorned  with  transverse 
ribs,  and  the  aperture  is  large  and  notched  in  front.  The  genus 
comprises  marine  types,  and  is  confined  to  the  Tertiary  and  Recent 
periods. 

Family  48.  Olivid^.— In  this  family  the  shell  is  elongated  and 
solid,  with  a  narrow  aperture,  a  sharp  smooth  outer  lip,  and  a  callous 
columellar  lip.  The  members  of  this  family  are  marine,  and  are 
essentially  inhabitants  of  warm  seas. 

The  "Olives"  (0/wa)  and  "  Rice-shells"  {Olivella)  are  character- 
ised by  their  cylindrical  polished 
shell  (fig.  7 1 1 ,  a),  with  a  short  spire, 
a  long  narrow  aperture,  notched 
in  front,  and  an  obliquely  striated 
columella.  The  living  Olives  are 
tropical  and  subtropical  in  their 
distribution.  A  single  species  of 
Olivella  has  been  detected  in  the 
Cretaceous  rocks  of  California, 
but  with  this  exception,  the  Olives 
are  wholly  Tertiary  and  Recent. 
The  genus  Ancillaria  (fig.  711, 
b)  is  nearly  related  to  Oliva,  but 
the  spire  is  produced,  and  is  covered  with  shining  enamel.  Species 
of  Ancillaria  occur  in  the  Upper  Cretaceous  rocks,  but  the  genus  is 
mainly  Tertiary  and  Recent. 

Family  49.  Cancellariid^. — The  type  of  this  family  is  the 
genus  Cancellaria,  in  which  the  shell  is  oval  or  turreted,  with  a  large 
body-whorl ;  and  the  aperture  notched  or  canahculated  in  front.  The 
columella  is  obliquely  plaited,  and  the  surface  is  cancellated.  The 
genus  ranges  from  the  Chalk  to  the  present  day. 

Family  50.  Conid^. — In  this  family  the  shell  is  inversely  coni- 
cal, with  a  very  short  spire  and  an  elongated  body-whorl.  The 
aperture  is  long  and  narrow,  notched  in  front,  the  columellar  lip 
not  plaited,  and  the  outer  lip  smooth  and  often  notched  at  or 
near  the  suture.  The  members  of  this  family  are  all  marine,  and 
they  are  principally  Tertiary  and  Recent,  the  oldest  types  being 
Cretaceous. 

The  principal  genus  of  this  family  is  Cotius  itself,  using  this 
name  in  a  comprehensive  sense.  The  "  Cones  "  are  distinguished 
by  their  short  spire  and  regularly  conical  shell  (fig.  712).  Very 
numerous  recent  species  of  Conus  are  known,  and  also  a  consider- 


Fig.  711. — A,  OUva  Brnndcri,  Eocene; 
B,  Ancillaria  glandimi,  Eocene. 
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able  number  of  fossil  forms,  the  earliest  representatives  of  the  genus 
appearing  in  the  Middle  Cretaceous  rocks.  The  genus  Conorbis,  of 
the  Eocene  and  Oligocene,  nearly  resembles  Conus,  but  the  spire 
is  elevated  and  pointed,  the  shell  thus  becoming  biconical. 

Family  51.  Pleurotomidve. — In  this  family  the  shell  (fig.  713) 
is  spindle-shaped,  with  an  elevated  spire  and  an  elongated  aper- 
ture, produced  in  front  into  a  straight  canal.     The  outer  lip  has 


Fig.  712. — Conus  deferditus.  Fig.  713. — Pleuroioma 

Eocene.  rostrata.  Eocene. 


a  slit  or  sinus  posteriorly,  near  the  suture.  The  principal,  or 
sole,  genus  comprised  in  this  family  is  Pleurotoina  itself,  which 
attained  an  enormous  development  in  the  Tertiary  period,  and  is 
still  very  largely  represented.  A  few  forms  of  Plewotoma  are 
known  to  occur  in  the  Cretaceous  rocks ;  but,  according  to  Zittel, 
more  than  nine  hundred  Tertiary  species  are  known,  while  over  six 
hundred  and  fifty  recent  species  exist.  The  genus  Pleurotoina  has 
been  divided  by  conchologists  into  a  number  of  subordinate  groups, 
which  are  sometimes  regarded  as  subgenera,  sometimes  as  inde- 
pendent genera. 

Family  52.  Terebrid^e. — This  family  comprises  only  the  genus 
Terebra,  in  which  the  shell  is  many-whorled  and  turreted,  and 
the  body-whorl  is  of  small  size.  The  aperture  is  small,  and  there 
is  a  short  canal  or  notch  in  front ;  while  the  outer  lip  is  thin  and 
sharp.  The  living  species  of  Terebra  inhabit  warm  seas ;  and  the 
oldest  fossil  forms  appear  in  the  Eocene  Tertiary. 
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CHAPTER  XXXIX. 

DIVISIONS  OF  GASTROPODA—contiiiued. 
BRANCHIOGASTROPODA  -  continued. 

Order  II.  Opisthobranchiata. 

The  Opisthobranchiate  Gastropods  are  distinguished  by  the  fact 
that  the  branchiae  are  situated  behind  the  heart,  and  the  auricle  is 
behind  the  ventricle  of  the  heart.  The  gills  are  not  usually  con- 
tained in  a  special  branchial  chamber,  and  are  commonly  more  or 
less  exposed  to  view.  The  shell  is  wanting  or  present,  being  in  the 
latter  case  often  rudimentary.  The  sexes  are  united  in  the  same 
individual. 

The  Opisthobra7ichiata,  or  "  Sea-slugs,"  may  be  divided  into  two 
sections,  the  Tectibranchiata  and  Nudibranchiata,  according  as  the 
branchife  are  protected  or  are  uncovered.  In  the  Nudibranchiate 
forms,  the  branchiee,  when  differentiated,  are  placed  externally  on 
the  back  or  sides  of  the  body,  and  the  animal,  in  the  adult  condi- 
tion, is  destitute  of  a  shell.  Owing  to  their  want  of  hard  structures, 
no  traces  of  the  Nudibranchs  have  ever  been  detected  in  the  fossil 
condition.  On  the  other  hand,  in  the  Tectibranchiate  forms,  the 
mantle  more  or  less  extensively  covers  the  gills,  and  very  generally 
secretes  a  shell,  which  may  be  so  greatly  developed  as  to  entirely 
enclose  the  animal  when  withdrawn  within  it.  Owing  to  their  pos- 
session of  a  shell,  the  majority  of  the  families  of  the  Tectibranchs 
are  known  to  occur  in  the  fossil  state,  the  earliest  forms  appearing 
in  the  Carboniferous  rocks.  The  number  of  fossil  Tectibranchiates 
is,  however,  very  limited  as  compared  with  that  of  the  Prosobranchi- 
ate  Gastropods,  the  following  four  families  being  those  which  have 
yielded  fossil  representatives  : — 

Family  i.  AcT/Eonid^  (ToRNATELLiDit).  —  In  this  family  the 
shell  is  spiral  or  convoluted ;  the  aperture  is  long  and  narrow, 
rounded  or  sometimes  channelled  in  front ;  and  the  columella  is 
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Fig.  71 


-Cimilia  a-uellana.  Chalk. 


This  genus  is  characteristic  of 
deposits,  having  a  remarkably 
represented  by  very 


generally  plaited.  The  living  examples  of  this  family  are  mostly 
small  and  thin-shelled,  but  some  of  the  fossil  forms  are  of  consider- 
able size  and  are  thick-shelled.  The  family  attains  its  maximum  in 
the  Secondary  period. 

In  the  genus  Actceon  {Tornatelld)  the  shell  is  ovate,  with  a  well- 
marked  spire,  the  outer  lip  thin,  and  the  columella  with  one  or  more 
strong  folds.  The  genus  ranges 
from  the  Trias  to  the  present  day. 
In  ActiEOfiina,  ranging  from  the 
Carboniferous  Limestone  to  the 
present  day,  the  shell  is  elongated, 
and  the  columellar  lip  is  without 
folds.  In  Actaonella  the  shell  is 
ventricose,  with  a  very  large  body- 
whorl,  and  the  columella  shows 
three  strong  oblique  folds  in  front, 
the  Middle  and  Upper  Cretaceous 
wide  range  in  space,  and  being  sometimes 
numerous  individuals  in  particular  zones. 

In  the  genus  Cititdia  (fig.  714)  the  shell  is  globular,  with  a  small 
spire ;  the  outer  lip  is  reflected  and  crenulated  interiorly ;  and  the 
columella  exhibits  toothlike  folds.  The  genus  is  exclusively  con- 
fined to  the  Cretaceous  rocks.  In  Cylitidrites,  again,  the  shell  is 
cylindrical,  and  smooth,  with  an  elongated  aperture  and  a  fold  on 
the  columella.  The  genus  ranges  from  the  Trias  to  the  Cretaceous 
rocks. 

Lastly,  the  genus  Ringicula  (fig.  715)  is  now 
usually  placed  in  this  family.  The  shell  in  this 
genus  is  ventricose,  with  a  small  spire,  the  colum- 
ella callous  and  deeply  plaited,  and  the  outer  lip 
thickened  and  reflected.  The  earliest  forms  of 
Ringicula  appear  in  the  Cretaceous  rocks,  but 
the  genus  attains  its  maximum  in  the  later  Tertiaries  and  at  the 
present  day. 

Family  2.  Bullion. — In  this  family  the  shell  is  convoluted  and 
thin,  with  a  sharp  outer  lip  and  an  elongated 
aperture.  The  spire  is  small  or  concealed, 
and  the  shell  is  often  more  or  less  complete- 
ly invested  by  the  soft  parts  of  the  animal. 
A  large  number  of  fossil  forms  of  this  family, 
beginning  in  the  Trias,  are  known,  and  the 
group  has  attained  its  maximum  at  the  pres- 
ent day.  The  three  principal  genera  are  Bulla,  Scaphander,  and 
Cylichna. 

The  genus  Bulla  (fig.  716)  comprises  the  so-called  "  Bubble- 
VOL.  I.  3  E 


Fig.  715. — Ringicula 
ventricosa.  Pliocene. 
(After  Searles  Wood.) 


Fig.  Ti6.— Bulla  supra- 
jurcnsis.  Middle  Oolites. 
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shells,"  in  which  the  shell  is  ventricose,  with  a  very  large  body- 
whorl  and  a  deeply  sunk  spire.  The  fossil  types  are  principally 
found  in  the  Tertiary  deposits.  The  Recent  and  Tertiary  genus 
Scaphander  is  closely  related  to  Bulla.  Lastly,  in  Cylichna  the 
shell  is  solid,  and  cylindrical  in  form,  with  a  narrow  aperture  and  a 
thickened  columella.  The  species  of  this  genus  are  numerous,  and 
range  from  the  Trias  to  the  present  day.  ' 

Family  3.  Aplysiad^. — In  this  family  there  is  a  thin  horny 
shell,  which  is  concealed  by  the  reflection  of  the  mantle  over  the 
back  and  sides  of  the  animal.  Two  fossil  species  of  Aplysia  are 
stated  to  occur  in  the  Pliocene  deposits  of  Sicily. 

Family  4.  Pleurobranchid^. — In  this  family  the  shell  is 
limpet-like,  or  concealed,  or  may  be  wanting.  The  genus  Umbrella 
appears  to  be  represented  in  the  Pliocene  deposits,  and  dubious 
Secondary  forms  of  the  same  have  also  been  described. 


Order  III.  Heteropoda. 

The  Gastropods  included  in  the  order  of  the  Heteropoda  or 
Nucleobranchiata  differ  from  the  typical  members  of  the  class  in 
being  organised  to  lead  an  existence  in  the  open  ocean,  locoinotion 
being  effected  by  a  fin-like  tail,  or  by  a  fan-shaped  vertically-flattened 
ventral  fin.  They  are  found  swimming  at  or  near  the  surface  of  the 
ocean  ;  and  the  body  may  be  completely  protected  by  a  shell,  within 
which  the  animal  can  retire,  and  which  can  be  closed  by  an  oper- 


Fig.  717. — Heteropoda.    Carinaria  cymbium.       Proboscis;  t.  Tentacles;  b.  Branchiae; 
s.  Shell ;  /,  Foot ;  d.  Disc.   (After  Woodward.) 

culum.  In  other  cases,  as  in  Carinaria  (fig.  717),  the  body  is 
large,  and  there  is  only  a  small  shell  protecting  the  gills  and  heart. 
In  other  cases,  again,  the  shell  is  completely  wanting.  The  order 
is  divided  into  the  two  families  of  the  Firolidce  and  AtlantidcB,  both 
of  which  comprise  transparent  delicate  animals,  which  are  either 
wholly  naked  or  possess  a  shell  of  extreme  tenuity  and  fragility. 
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The  members  of  the  Firolidce  are  either  shell-less,  or  possess  a 
small  hyaline  shell,  placed  on  the  back,  protecting  the  gills.  The 
only  member  of  this  family  which  is  known  to  be  certainly  repre- 
sented in  the  fossil  state  is  the  existing  genus  Carinaria  (fig.  717), 
a  single  species  of  which  has  been  found  in  deposits  of  Miocene 
age. 

In  the  Atlantidce  the  animal  is  furnished  with  a  well-developed 
but  fragile  shell,  completely  enclosing  the  body.  In  Atlanta  itself 
the  shell  is  rolled  into  a  flat  spiral,  and  the  body-whorl  is  keeled, 
and  exhibits  a  dorsal  slit  at  the  aperture,  thus  resembling  the  shell 
of  the  Bellerophotitidce.  A  single  species  of  Atlanta  has  been  found 
in  the  Tertiary  deposits  of  San  Domingo.  Owing  to  the  close  re- 
semblance of  the  shell  of  Bellerophon  and  its  allies  in  external  form 
to  that  of  Atlanta,  the  former  have  been  commonly  regarded  as 
Heteropods.  The  comparative  thickness  and  solidity  of  the  shell 
of  the  BellerophontidcB,  however,  and  the  common  association  of  the 
forms  of  this  family  with  fossils  of  an  unquestionable  shallow-water 
type,  forbid  the  reference  of  these  singular  Palaeozoic  Gastropods 
to  the  present  order. 


Order  IV.  Pteropoda. 


The  Pteropods  or  "  Winged  Snails  "  are  pelagic  Molluscs,  found 
swimming  near  the  surface  in  the  open  sea,  the  living  forms  being 
all  of  small  size.  They  have  no  distinctly  differentiated  head,  and 
the  mouth  is  placed  anteriorly  in  the  centre  of  the  fore-part  of  the 
foot,  which  is  rudimentary.  The  lateral  parts  of  the  foot  ("  epi- 
podia")  are,  however,  developed  into  a  pair  of  wing-like  fins  (iig. 
718),  by  means  of  which  the  animal  swims  actively.  The  posterior 
part  of  the  foot  ("  metapodium ")  is 
rudimentary,  but  in  some  cases  may 
develop  an  operculum.  In  some 
groups  {Gymnosomata)  the  mantle  is 
rudimentary,  and  the  adult  is  not  pro- 
vided with  a  shell.  In  other  groups 
{Thecosomata)  the  mantle  is  well  de- 
veloped, and  secretes  a  shell.  In  both 
sections  of  the  order  the  embryo  is 
furnished  with  a  shell,  but  the  larval 
shell  is  soon  lost  in  the  Gymnosomata  ; 
whereas  in  the  great  majority  of  the 
Thecosomata,  the  adult  develops  a  secondary  and  permanent  shell, 
of  which  the  embryonic  shell  usually  forms  the  initial  portion.  The 
shell  of  the  Thecosomata  generally  is  calcareous  in  composition,  and 
in  all  the  living  forms  is  very  delicate  in  texture.    The  so-called 


Fig.  718. — Cavolinia  (Hyalma)  tri- 
dentata,  showing  the  shell,  and  the 
lateral  fins  attached  to  the  sides  of  the 
head  (//). 
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"  shell "  of  CymbuUa  is  of  a  cartilaginous  consistence,  but  it  does 
not  correspond  with  the  shell  of  the  other  Thecosomatous  Pteropods 
in  its  nature  or  origin.  In  the  majority  of  the  shell-bearing  Ptero- 
pods the  shell  is  symmetrical,  but  in  the  Limacinida  it  is  coiled  into 
a  spiral.  The  Pteropods  are  all  hermaphrodite,  and  the  young  pass 
through  a  metamorphosis. 

The  Pteropoda  have  been  very  generally  regarded  as  a  distinct 
class  of  the  Mollusca ;  but  the  most  recent  investigations,  more 
especially  those  of  Dr  Pelseneer,  prove  that  in  the  essential  details 
of  their  organisation  they  do  not  differ  materially  from  the  Gastro- 
poda, of  which  class  they  should  be  considered  as  a  division  or 
order.  The  Pteropods  fall  naturally  into  the  two  sections  of  the 
Gymnoso77iata  and  the  Thecosomata,  the  former  devoid  of  any  shell 
in  the  adult  condition,  while  the  latter  (with  the  exception  of  the 
aberrant  genus  Cymbulid)  possess  an  external  calcareous  shell. 
Owing  to  their  having  no  hard  parts  capable  of  preservation  in  the 
fossil  condition,  the  Gymnosomatous  Pteropods  have  left  behind 
them  no  traces  of  their  past  existence,  and  therefore  require  no 
further  consideration  here.  On  the  other  hand,  the  Thecosomatous 
Pteropods  are  known  to  occur  as  fossils,  though  opinions  differ  as 
to  the  true  nature  of  many  of  the  organisms  which  have  been  re- 
ferred here. 

As  regards  their  distribution  in  time,  the  Tertiary  rocks  have 
yielded  the  remains  of  indubitable  Pteropods,  which  differ  in  no 
respects  from  existing  forms,  and  are,  in  fact,  largely  referable  to 
existing  genera.  The  whole  series  of  the  Secondary  rocks  has,  on 
the  other  hand,  yielded  no  remains  of  organisms  which  can  be 
asserted  to  be  unequivocal  Pteropods.  It  is  not,  indeed,  till  we 
reach  the  Devonian  and  Silurian  deposits  that  we  meet  with  fossils 
which  in  all  essential  respects  agree  with  the  living  Pteropods,  and 
which  appear  to  belong  to  such  existing  genera  as  Styliola  {Creseis). 
It  is  true  that  these  ancient  representatives  of  Styliola  have  had  their 
claim  to  be  regarded  as  Pteropods  strongly  disputed,  but  it  will  be 
pointed  out  hereafter  that  there  is  at  present  no  sufficient  ground 
for  denying  their  Pteropodal  nature.  The  case,  however,  is  different 
with  the  three  remarkable  groups  of  fossils  typified  respectively  by 
the  genera  Te?itaculites,  Hyolithes,  and  Conularia,  the  age  of  which 
is  exclusively  or '  mainly  Palaeozoic.  These  ancient  types  differ  in 
many  respects  from  the  typical  Pteropods,  and  their  true  nature 
and  position  must  be  regarded  in  the  meanwhile  as  more  or  less 
open  to  question.  If  these  aberrant  and  problematical  genera  be 
provisionally  included  among  the  Thecosomatous  Pteropods,  the 
following  are  the  principal  families  included  in  this  division  of  the 
order  : — 

Family  i.  Limacinid^. — In  this  family  the  shell  is  twisted  into 
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a  left-handed  spiral,  and  a  spiral  operculum  is  present.  The  anus  is 
on  the  right  side,  and  the  pallial  cavity  is  dorsal  in  position.  It  is 
not  certain  that  any  fossil  forms  of  this  family  have  been  detected, 
but  some  minute  shells  from  the  Eocene,  Miocene,  and  Pliocene 
deposits  have  been  referred  with  considerable  probability  to  the 
existing  genus  Limacina  {Spirialis). 

Family  2.  Cavoliniid;e.— In  this  family  the  shell  is  bilaterally 
symmetrical  and  is  not  rolled  up  into  a  spiral.  The  anus  is  on  the 
left  side,  and  the  pallial  cavity  is  ventral.  The  shell  has  a  variable 
form,  but  is  essentially  a  hollow  cone,  which  may  be  flattened  dorso- 
ventrally  or  may  be  circular  in  section.  The  initial  portion  of  the 
shell  is  generally  distinct  from  the  rest,  and  represents  the  larval 
shell  (Pelseneer). 

The  types  which  have  been  described  under  the  names  Creseis, 
ITyalocyHx,  Clio  {sensu  restricto),  and  Styliola,  are  included  by  Dr 
Pelseneer  under  the  common  generic  name  of  CHo  ( =  Cleodora). 
In  all  these  forms  the  shell  (fig.  722,  c)  is  a  conical  tube,  sometimes 
circular  in  outline,  sometimes  oval,  sometimes  laterally  keeled,  the 
apex  of  the  shell  being  pointed,  or  exhibiting  a  bulbiform  enlarge- 
ment due  to  the  presence  of  a  distinctly  defined  embryonic  shell. 
Unquestionable  remains  of  this  group  of  Pteropods  are  found  in  the 
Miocene  and  Pliocene  deposits. 

In  the  Silurian  and  Devonian  rocks  of  both  the  Old  and  New 
Worlds  there  occur  minute  conical  calcareous  tubes,  which  have  been 
generally  referred  to  Styliola  or  Creseis. 
As  the  type  of  these  may  be  taken  Styliola 
{Creseis)  fissurella  of  the  Devonian  rocks  of 
North  America.  In  this  remarkable  form 
(fig.  719)  the  shell  is  a  very  delicate  cal- 
careous tube,  of  a  conical  form,  circular 
in  section,  and  without  internal  partitions, 
either  longitudinal  or  transverse,  the  aver- 
age length  of  the  tubes  being  from  one  to 
three  millimetres.  The  apex  of  the  tube 
is  commonly  slightly  bulbous  (fig.  719,  a), 
and  is  thus  marked  off  as  an  "  initial 
chamber  "  from  the  rest  of  the  shell.  The 
_  surface  is  without  annulations,  and  may  be 
smooth,  or  marked  by  fine  transverse  striae, 
sometimes  with  longitudinal  striae  as  well 
(fig.  719,  b).  Styliola  fissurella  is  exceed- 
ingly abundant  in  parts  of  the  Devonian 
rocks  of  North  America,  and  sometimes  gives  rise  by  the  ac- 
cumulation of  its  shells  to  thin  bands  of  limestone  (fig.  720), 
which  may  have  a  considerable  geographical  range.    Dr  Pelseneer 
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Fig.  719.— A  and  B,  Specimens 
of  Styliola  (Creseis)  fissurella. 
Hall,  from  the  Devonian  rocks 
(Hamilton  Group)  of  North 
America,  enlarged  about  six 
times,  showing  the  embryonic 
shell  at  the  apex;  c,  Apical  por- 
tion of  the  tube  of  Tentaculites 
gracilistriatits,  from  the  same 
formation,  enlarged  to  show  the 
embryonic  shell.    (After  Hall.) 
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Fig.  720.  —  Thin  section  of  limestone 
from  the  Devonian  rocks  of  Canandaigua, 
North  America,  composed  almost  entirely 
of  the  tubes  of  Styliola.  Jissurella,  en- 
larged twenty  times.  lOriginal.) 


denies  that  the  so-called  "Styliolse"  of  the  Silurian  and  Devonian 
rocks  can  be  referred  to  the  Pteropoda  on  the  grounds  of  their  great 

size,  the  absence  of  an  embryonic 
shell,  and  the  fact  that  no  existing 
species  of  Clio  has  the  shell  longi- 
tudinally striated.  The  first  two  of 
these  objections,  however,  do  not 
apply  to  Styliola  jissurella  and  its 
allies,  since  the  tube  is  smaller  than 
that  of  some  of  the  existing  species 
of  Clio,  and  an  embryonic  shell  is 
present;  while  the  third  objection 
would  appear  to  be  of  anything  but 
a  conclusive  character.  It  is  cer- 
tainly remarkable  that,  admitting  the 
Pteropodal  nature  of  Styliola  Jissur- 
ella, no  traces  of  forms  of  the  same 
genus  should  have  hitherto  been  met 
with  in  the  later  Paleeozoic  and  in 
the  Secondary  deposits,  and  that  the 
genus  is  not  known  to  be  again 
represented  till  the  Miocene  period 
is  reached.  Palaeontology,  however, 
is  rich  in  examples  of  gaps  of  this  kind,  and  little  importance  can 
be  attached  to  a  seeming  hiatus,  which  may  any  day  be  partially 
filled  up. 

Of  the  remaining  genera  of  the  Cavoliniidce,  Cuvieria  has  a  straight 
conical  shell,  the  hinder  pointed  half  of  which  is  generally  caducous  in 
the  adult.    The  genus  is  represented  by  existing  species  and  by  late 

Tertiary  types.  Lastly,  in  Cavo- 
linia  {Hyalaa)  the  shell  (fig.  721) 
is  globular,  the  dorsal  plate  com- 
paratively flat,  and  prolonged  into 
a  hood,  the  ventral  plate  bulging 
and  convex,  the  aperture  con- 
tracted, with  a  lateral  slit  on  each 
side,  and  the  hinder  end  with  one 
to  three  spines.  The  genus  is  represented  by  Miocene  and  Pliocene 
forms  as  well  as  by  existing  species. 

Family  3.  Cymbuliid^. — This  family  includes  only  the  recent 
genus  Cymhdia,  which  differs  from  all  the  other  Thecosomatous 
Pteropods  in  the  possession  of  a  straight,  bilaterally  symmetrical, 
cartilaginous  "  pseudoconch,"  which  is  formed  by  the  thickening  of 
the  integument,  and  is  not  homologous  with  the  shell  of  the  ordinary 
Pteropods.    As  the  "  shell "  of  Cymbulia  is  not  capable  of  preserva- 


Fig.  721. — Cavolinia  (Hyalad)  Orbignyana. 
Miocene  Tertiary. 
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tion  in  the  fossil  state,  no  record  of  the  past  existence  of  the  genus 
can  be  obtained. 

Family  4.  Hyglithid^. — With  this  family  we  enter  upon  the 
consideration  of  a  series  of  remarkable  Paleozoic  fossils,  which 
have  been  generally  referred  to  the  Fteropoda,  though  their  true 
affinities  cannot  be  considered  as  certainly  established.  The  type 
of  this  family  is  the  genus  Hyolithes  ( =  Theca  and  Pugitinculus), 
which  has  been  generally  regarded  as  allied  to  the  recent  Clio  or 
Styliola  (fig.  722,  c),  though  the  dimensions  of  the  shell  much 
exceed  those  of  the  ordinary  species  of  the  latter,  and  there  are 
other  differences  as  well.  The  shell  (fig.  722,  d,  f,  h)  in  Hyolithes 
is  bayonet-shaped  or  conical,  usually  straight,  but  sometimes  curved, 


Fig.  722. — A,  Pterotheca  corrttgata—Ori.os\a.zxi  (after  Salter);  b,  Pterotheca  transversa— 
Ordovician  (after  Salter);  c,  Styliola  [Clio)  Miocene ;  d,  HyolWus  {Theca)  oper- 

culatus;  and  e,  its  operculum— Upper  Cambrian  (after  Salter);  f,  Hyolithes  aratus— Upper 
Cambrian  ;  and  G,  Cross-section  of  the  same  (after  Salter) ;  H,  Hyolithes  acutus — Silurian  (after 
Eichwald). 

of  thin  texture,  transversely  striated  or  smooth,  sometimes  with 
marginal  ribs,  but  without  lateral  appendages.  The  mouth  of  the 
shell  is  trigonal,  and  in  some  forms,  at  any  rate,  is  provided  with 
an  operculum  (fig.  722,  e),  or  occasionally  furnished  with  curved 
lateral  appendages.  The  length  of  the  shell  varies,  but  is  com- 
monly from  an  inch  to  an  inch  and  a  half.  The  species  of 
Hyolithes  are  most  abundant  in  the  Upper  Cambrian  and  Ordovi- 
cian rocks ;  but  there  are  various  Silurian  and  Devonian  forms,  and 
the  genus  is  recorded  as  occurring  in  both  the  Carboniferous  and 
the  Permian  rocks.  Pterotheca  (fig.  722,  a  and  b),  of  the  Ordo- 
vician, in  many  respects  resembles  Hyolithes;  but  the  median 
dagger-shaped  shell  is  bordered  by  lateral  concentrically-striated 
expansions  or  alations,  thus  coming  to  superficially  resemble  the 
carapace  of  certain  of  the  Phyllopods. 

The  Devonian  genus  Coleoprioti  has  a  cylindrical  and  conical 
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Shell  he  exterior  of  which  is  marked  with  chevron-shaped  stris 
Possibly  allied  to  the  preceding  types,  but  of  wholly  uncertain 
afhnities,  are  the  genera  Hemiceras  and  Salterella.  In  the  first  of 
these  are  conical  elongated  shells,  of  circular  section,  in  which  the 
walls  are  thickened  by  the  deposition  of  concentric  calcareous 
lamellos,  till  only  a  small  tubular  space  is  left  in  the  centre  The 
genus  is  Ordovician.  Salterella,  of  the  Upper  Cambrian  and  Ordo- 
vician  rocks,  comprises  conical  tubes,  resembling  the  preceding  in 
shape,  but  consisting  of  several  hollow  cones  placed  one  within  the 
other. 

Family  5.  Conulariid^.— This  family  includes  only  the  re- 
markable genus  Conularia  (fig.  723),  the  true  relationships  of 
which  have  not  been  clearly  established,  though  the  genus  is 
usually  placed  among  the  PteroJ>oda.  The  shell  in  Conularia  is 
very  thin,  and  is  pyramidal  in  shape,  the  transverse  section  being 
rhomboidal  or  four-sided.  The  apex  is  often  deciduous,  and  the 
internal  cavity  may  be  partitioned  off  near  the  apex  by  one  or  more 
transverse  plates.  The  aperture  of  the  shell  is  contracted,  and  is 
partially  closed  by  tongue-like  prolongations 
from  its  corners.  Each  of  the  four  faces  of 
the  shell  may  be  provided  along  its  entire 
length  with  an  internal  median  longitudinal 
fold,  sometimes  with  two  such,  but  these  may 
be  wanting  or  rudimentary.  Externally,  each 
face  of  the  shell  is  divided  into  two  equal 
halves  by  a  longitudinal  groove,  corresponding 
with  the  internal  fold  above  mentioned;  and 
the  surface  is  ornamented  with  transverse, 
smooth,  or  tuberculated  ridges,  which  are 
angulated  in  the  middle  line  of  each  face,  so 
 ^  _  as  to  form  a  series  of  obtuse  angles,  the  apices 

Fig.  n.^.-Conuiaria  or-       '^^^^^  Poi^*  towards  the  aperture. 
nata.  Devonian.  The  gcnus  CoHularia  attains  its  maximum 

in  the  Ordovician  and  Silurian  rocks,  some 
of  these  early  types  attaining  a  length  of  nearly  a  foot,  with  a 
breadth  of  more  than  an  inch.  The  Devonian  and  Carboniferous 
rocks  have  yielded  a  few  species,  and  two  forms  occur  in  the  Per- 
mian, while  a  single  species  has  been  detected  in  the  Trias,  and 
another  has  been  recorded  from  the  Lias. 

Family  6.  Tentaculitid^. — This  family  comprises  only  the 
genus  Tentaculites,  in  which  the  shell  (fig.  724)  is  comparatively 
thick  and  solid,  and  has  the  form  of  a  straight,  elongated,  conical 
tube,  from  half  a  centimetre  up  to  three  centimetres  in  length,  which 
tapers  to  a  closed  apex  at  one  end,  and  expands  towards  the  other 
to  a  circular  aperture.    The  tube  is  always  circular  in  oudine,  and 
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the  apex  is  often  partially  filled  up  with  a  secondary  calcareous 
deposit,  or  may  be  partitioned  off  by  one  or  more  curved  transverse 
plates  (fig.  725,  a).  The  initial  portion  of  the  shell  may  be  smooth 
and  without  annulations,  and  may  be  simply  pointed.  In  other 
cases,  the  apex  is  distinctly  bulbiform  (fig.  719,  c), 
its  starting-point  being  a  dilated  chamber,  which 
appears  in  no  respect  to  differ  from  the  "  em- 
bryonic shell "  of  Clio  and  other  Pteropods.  The 
whole  of  the  tube,  except  the  initial  portion,  is 
annulated  by  abruptly  elevated  rings,  which  be- 
come more  remote  as  the  aperture  is  approached ; 
and  the  surface  between  the  annulations  is  marked 
by  fine  encircling  strise,  sometimes  accompanied 
by  longitudinal  striae  as  well. 

As  regards  its  minute  structure,  thin  sections  Fig.  Ti^.  —  Tenta- 
show  that  the  tube  of  Tentaculites  is  composed  lurLn! 
of  two  distinct  layers  of  a  different  nature  (fig. 
725,  B  and  c).  The  outer  layer  is  very  dense,  and  is  thickened 
at  intervals  so  as  to  form  the  annulations  which  are  so  character- 
istic of  the  genus.  The  inner  layer  is  composed  of  transparent 
calcite,  traversed  by  parallel  lamellse  of  a  dark  colour,  which  are 
approximately  parallel  to  the  surface  of  the  tube.    Both  layers 


Fig.  725. — Minute  structure  of  Tentaculites  atienuatits,  from  the  Devonian  rocks  (Hamilton 
Group)  of  Canada.  A,  Section  of  the  apex  of  a  tube,  showing  curved  transverse  partitions  ; 
B,  Transverse  section  of  the  tube  (the  oval  form  of  the  tube  is  the  result  of  pressure) ;  c,  Ver- 
tical section,  taken  through  the  middle  of  the  tube  ;  d,  Vertical  section  traversmg  the  wall  of  the 
tube,  and  showing  its  peculiar  tubulated  structure.  Tlie  figures  are  enlarged  about  twenty  times. 
(Original.) 


are  more  or  less  extensively  penetrated  by  a  system  of  exceedingly 
minute  tubuli  (fig.  725,  d),  the  direction  of  which  is  approximately 
at  right  angles  to  the  surface. 

The  genus  Tentaculites  ranges  from  the  Ordovician  to  the  De- 
vonian, occurring  for  the  most  part  in  limestones,  and  being  often 
present  in  vast  numbers  in  particular  beds.  In  no  case  is  the  shell 
attached  to  any  foreign  body. 

The  affinities  of  Tentaculites  cannot,  in  the  present  state  of  our 
knowledge,  be  determined  with  absolute  certainty.    The  compara- 
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tive  thickness  and  solidity  of  the  shell,  together  with  its  remarkable 
minute  structure,  must  be  considered  as  points  which  militate  against 
a  reference  of  the  genus  to  the  Pteropods.  On  the  other  hand,  its 
free  habit  of  existence,  its  general  form,  its  mode  of  occurrence,  and 
its  occasional  possession  of  a  distinct  initial  chamber  or  embryonic 
shell  would  support  the  view  that  it  belongs  to  the  Pteropoda.  The 
occasional  presence  of  curved  internal  septa  is  a  point  of  small 
weight,  one  way  or  the  other,  since  such  transverse  partitions  are 
not  absolutely  unknown  in  recent  Pteropods  (Cuvieria).  Still  less 
stress  can  be  laid  upon  the  argument  that  Tentaculites  can  hardly  be 
regarded  as  a  Pteropod,  seeing  that  the  normal  forms  of  the  Ptero- 
poda do  not  make  their  appearance  till  the  Tertiary  rocks  are 
reached.  Any  weight  that  might  be  supposed  to  be  carried  by  such 
an  argument  is  counterbalanced  by  the  fact  that  in  Siyliola  fissurella 
and  its  allies  we  have  Palaeozoic  forms  which  have  not  been  shown  to 
differ  materially  from  existing  types  of  Pteropods.  By  some  palae- 
ontologists Tentaailites  is  regarded  as  belonging  to  the  Tubicolar 
Annelides;  and  casts  of  the  shell  of  Tentaculites  are  undoubtedly 
very  similar  to  casts  of  the  tube  of  Cornulites.  The  microscopic 
structure  of  the  tube  of  Tentaculites  is,  however,  widely  different 
from  that  of  Cornulites,  while  the  tube  shows  no  signs  of  having 
been  at  any  time  of  life  attached  to  any  foreign  body.  It  is,  how- 
ever, quite  possible  that  some  of  the  forms  which  have  been  referred 
to  Tentaculites  are  really  Annelidan  in  nature.  Thus,  Hall  has 
pointed  out  that  all  the  forms  from  the  Ordovician  rocks  of  North 
America  which  have  been  placed  in  Tentaculites  are  curved  and  are 
longitudinally  striated ;  and  he  regards  these,  therefore,  as  probably 
truly  belonging  to  Cornulites  or  to  some  related  Annelidan  genus. 

Sub-Class  II.  Pulmogastropoda. 

The  Pulmonate  Gastropods  are  essentially  distinguished  by  the 
fact  that  the  breathing-organ  is  a  pulmonary  chamber,  formed  by  an 
inflection  of  the  mantle,  to  which  air  is  directly  admitted  by  an  ex- 
ternal aperture ;  while  the  sexes  are  united  in  the  same  individual. 

The  most  typical  members  of  this  division  of  Gastropods;  such  as 
the  Land-snails  and  Slugs,  are  terrestrial  in  habit.  Others,  like  the 
Limnceidce,  inhabit  fresh  waters,  and  either  come  to  the  surface  to 
obtain  air,  or,  in  some  cases,  have  the  power  of  using  the  lung- 
chamber  as  an  organ  of  aquatic  respiration.  A  few  forms  only 
{Siphotiariida,  Gadiniidce)  are  inhabitants  of  salt  water. 

The  condition  of  the  shell  varies  much,  a  few  forms  {e.g..,  On- 
cidiuni)  being  wholly  without  a  shell.  In  the  Slugs,  a  shell  is 
present,  but  is  of  small  size,  and  is  concealed  within  the  mantle. 
In  the  ordinary  Snails,  again,  and  in  the  Pond-snails,  there  is  a  well- 
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developed  external  shell,  within  which  the  animal  can  entirely  with- 
draw itself. 

As  regards  their  distribution  in  time,  the  completely  shell-less 
forms  are  neoessarily  altogether  unknown  in  the  fossil  condition, 
and  the  forms  with  a  rudimentary  and  concealed  shell  are  only 
known  in  the  latest  Tertiary  deposits.  The  abundance  of  the  or- 
dinary shell-bearing  forms  as  fossils  depends  mainly  on  the  habits  of 
the  animal.  As  the  preservation  of  an  ancient  land-surface  in  the 
crust  of  the  earth  is  a  matter  of  rare  occurrence, '  the  strictly  ter- 
restrial Pulmonates  are  not  largely  represented  in  the  fossil  state, 
their  remains,  in  fact,  occurring  principally  in  lacustrine  or  fluviatile 
deposits  intermingled  with  the  shells  of  fresh-water  types  of  Pul- 
monates. These  latter  are  found  in  moderate  numbers  in  fresh- 
water deposits  of  Secondary  and  Tertiary  age.  The  oldest  known 
types  of  the  Pulmonate  Gastropods  have  been  found  in  the  Carbon- 
iferous rocks. 

The  sub-class  Fulmogastropoda  may  be  divided  into  the  two  orders 
of  the  Stylommatophora  and  the  Basotmnatophora  ;  but  only  a  few  of 
the  more  important  famiHes  composing  these  can  be  noticed  here. 

Order  I.  Stylommatophora. 

The  Pulmonates  included  in  this  order  have  the  eyes  placed  at 
the  extremities  of  long  feelers,  which  are  retractile  and  capable  of 
invagination.  The  shell  may  be  rudimentary  or  even  absent,  but 
is  usually  well  developed.  The  following  are,  from  a  palseonto- 
logical  point  of  view,  the  most  important  families  included  in  this 
order  : — 

Family  i.  TESTACELLiDiE.  —  This  family  includes  carnivorous 
Pulmonates,  with  a  spiral  shell  of  very  variable  size.  In  Testacella 
itself,  the  animal  is  slug-like,  and  there  is  a  minute  ear-shaped  shell 
placed  at  the  hinder  end  of  the  body.  Fossil  forms  of  this  genus 
have  been  found  in  the  later  Tertiary  deposits. 

In  Glandina,  on  the  other  hand,  there  is  a  well-developed  spiral 
shell,  within  which  the  body  of  the  animal  can  be  withdrawn.  The 
recent  types  of  this  genus  inhabit  warm  regions,  and  the  fossil  forms 
date  from  the  Upper  Cretaceous  period. 

Family  2.  Limacid^. — In  this  family  are  comprised  the  "  Slugs," 
in  which  there  is  a  minute  rudimentary  shell  concealed  within  the 
mantle.  Species  oi  Littiax  have  been  recognised  as  occurring  in  the 
late  Tertiary  and  Quaternary  deposits. 

Family  3.  Helicid^. — This  family  includes  the  ordinary  "Land- 
snails,"  in  which  there  is  a  well-developed  shell,  capable  of  contain- 
ing the  entire  animal.  A  large  number  of  fossil  representatives  of 
this  family  are  known,  chiefly  belonging  to  the  Tertiary  period,  but 
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occurring  also  in  deposits  of  Secondary  age,  and  even  in  rocks  as 
old  as  the  Carboniferous  formation.  If  Datvsonella  be  regarded  as 
a  member  of  the  Helicinidce.  (see  p.  778),  the  oldest  representatives 
of  the  Helicida  are  the  Zonites  {Conulus)  priscus  and  the  Fu^a  (Den- 
dropupa)  vetusta  of  the  Coal-measures  of  North  America,  both  of 
which  were  first  discovered  and  described  by  Sir  William  Dawson. 

In  the  genus  Helix  are  the  ordinary  Land-snails,  of  which  about 
two  thousand  living  species  are  known,  belonging  to  a  large  number 
of  subgeneric  groups.  The  shell  in  Helix  is  very  variable  in  shape, 
sometimes  conical,  sometimes  depressed,  and  sometimes  discoidal ; 
the  aperture  being  transverse,  crescentic  or  rounded  in  shape,  and 
the  columella  being  perforated  or  imperforate.  The  most  ancient 
of  the  typical  Helices  appear  in  the  Eocene  rocks,  and  a  large  num- 
ber of  Tertiary  species  have  been  recognised. 

In  Zonites  the  shell  is  thin,  usually  hyaline,  in  the  form  of  a 


a 


Fig.  T2(s.~Zonitcs(Conulus)J>riscus{2S\^x  Dawson),    a,  Specimen  enlarged  twelve  diameters; 
Sculpture,  magnified.    Coal-measures,  Nova  Scotia. 

depressed  spiral,  with  a  simple  and  sharp-edged  peristome,  and 
almost  always  umbilicated.  The  oldest  example  of  this  genus  is 
the  Z.  prisms  (fig.  726)  of  the  Coal-measures  of  Nova  Scotia.  Other 
species  occur  in  the  later  Tertiaries ;  and  the  Archceozonites  of  the 
Oligocene  and  Miocene  deposits  is  nearly  related  to  Zonites. 

In  Bulimus  the  shell  is  oval  or  turreted,  the  columella  is  straight, 
the  aperture  is  oblong,  and  the  outer  lip  is  expanded  and  thickened. 
Bulimuhis  includes  forms  with  a  shell  very  similar  to  that  of  Buli- 
mus^ but  with  a  generally  thin  lip  and  an  elongated  aperture.  The 
earliest  forms  of  Bulimus  appear  in  the  Upper  Cretaceous  rocks. 
In  the  genus  Achatina  the  shell  is  like  that  of  Bulimus,  but  the 
columella  is  twisted.  No  undoubted  fossil  representatives  of  this 
genus  have  been  recognised. 

In  the  genus  Clausilia  the  shell  is  spindle-shaped,  and  is  coiled 
into  a  left-handed  spiral,  the  aperture  being  elliptical,  and  partially 
contracted  by  two  folds  of  the  inner  lip.    The  mouth  of  the  shell 
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Fig.  727. — Pupa  {Dendropupa)  vetiista 
(after  Dawson),  a.  Natural  size ;  h,  En- 
larged ;  c.  Apex  enlarged  ;  d,  Sculpture, 
magnified.  Coal-measures. 


is  closed  when  the  animal  is  withdrawn  within  it  by  a  movable 
calcareous  plate  ("  clauSilium  ").    A  large  number  of  recent  species 
of  Clausilia  are  known,  but  the  fossil 
forms  are  not  numerous,  and  the 
oldest  of  them  appear  in  the  Eocene. 

In  the  genus  Pupa  the  shell  is 
cylindrical  or  oblong,  with  a  rounded, 
often  toothed  aperture  and  a  reflected 
outer  lip.  The  oldest  known  type 
of  this  genus  is  the  Pupa  {Dendro- 
pupa)  vetusta  of  the  Coal-measures 
of  Nova  Scotia,  discovered  by  Sir 
William  Dawson  in  the  hollow  trunk 
of  an  erect  Sigillaria.  The  aperture 
in  this  form  (fig.  727)  is  devoid  of 
teeth.  An  allied  type  is  the  Pupa 
vermilionensis  of  the  Coal-measures 
of  the  United  States.  With  these 
exceptions,  the  fossil  Pupce  are  all 
of  Tertiary  age. 

Lastly,  in  the  genus  Succinea  the 
shell  is  thin  and  ovate,  with  a  small 

spire  and  a  large  body-whorl,  the  aperture  large  and  obliquely 
oval,  and  the  outer  lip  thin.  The  "  Amber-snails "  live  in  moist 
places  on  land,  and  the  known  fossil  species  are  confined  to  the 
Tertiary  rocks.  S.  oblonga  and  S.  putris  are  very  common  in  the 
Loess. 

Order  II.  Basommatophora. 

In  this  order  of  Pulmonates  the  eyes  are  placed  at  the  base  of 
two  feelers,  which  are  contractile,  but  are  not  capable  of  invagina- 
tion. Of  the  families  of  this  order,  the  Atiricididce  and  Linmmdce 
are  inhabitants  of  fresh  waters,  or  are  amphibious,  or  in  other  cases 
live  in  moist  places  on  land,  while  the  aberrant  groups  of  the 
Siphonariida  and  GadiniidcB.  are  marine  in  habit. 

Family  i.  Auriculid^. — In  this  family  the  shell  is  spiral,  with 
a  horny  epidermis ;  the  aperture  is  elongated,  generally  with  a 
toothed  outer  lip ;  and  the  columella  is  folded.  The  members  of 
this  family  inhabit  salt-marshes  and  places  overflowed  by  the  sea. 
The  principal  genus  is  Auricula  itself,  which  ranges  from  the  Upper 
Jurassic  rocks  to  the  present  day,  but  the  fossil  forms  are  of  com- 
paratively little  importance. 

Family  2.  Limn^eid^. — In  this  family  the  shell  is  well  developed, 
thin  and  horn-coloured,  and  of  very  variable  shape.  The  aperture 
is  simple,  and  the  outer  lip  is  sharp.    The  Limnaidcn  are  all  in- 
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habitants  of  fresh  water,  and  they  are  found  in  fluviatile  and  lacus- 
trine deposits.  They  commence  in  the  Jurassic  period,  members 
of  this  family  having  been  described  from  the 
Lias  (?)  and  from  the  Purbeck  beds  (Upper  Jur- 
assic). It  is  not,  however,  until  we  reach  the 
base  of  the  Cretaceous  system  (Weald  Clay)  that 
these  forms  appear  in  any  abundance. 

The  genus  Limnaa  (fig.  728)  includes  the  so- 
called  "  Pond-snails,"  characterised  by  their  thin, 
spiral,  elongated  shells,  with  a  large  body-whorl 
and  an  obliquely-twisted  columella.  The  species 
;JL«ij!&.^  Eocene.  ^his  gcnus  commencc  in  the  Upper  Jurassic 
(Purbeck  Beds),  and  they  are  abundantly  repre- 
sented in  the  Tertiary  series. 

In  the  genus  Fhysa  (fig.  729)  the  shell  is  left-handed  ("  sinistral"), 
ovate,  thin,  and  polished,  with  the  aperture  rounded  in  front.  Wal- 
cott  has  described  a  species  of  Fhysa  as  occurring  in  the  Lower 
Carboniferous  rocks  of  Nevada.  With  this  exception,  the  oldest 
species  of  the  genus  occur  in  the  Purbeck  beds  (Upper  Jurassic) 
and  Wealden  (Lower  Cretaceous).  Most  of  the  fossil  species,  how- 
ever, belong  to  the  Tertiary  period,  and  the  genus  attains  its  maxi- 
mum at  the  present  day. 

The  genus  Planorbis  (fig.  730,  a  and  b)  comprises  a  number  of 
well-known  fresh-water  shells,  in  which  the  shell  is  discoidal  and 


Eocene — viewed  from  above  and  in  front,  reduced  one-half; 
Fig.  y2<j.—Pkysa  colum-  c,  Ancvlus  Mal/ieroni  —  Tettisiry — viewed  sideways  and 

naris.    Eocene.  from  above,  the  latter  figure  enlarged. 

many-whorled,  the  aperture  crescentic,  and  the  lip  thin.  The  fossil 
species  of  this  genus  date  from  the  Lias  (?),  but  are  not  plentiful 
except  in  the  Tertiary  deposits,  from  which  numerous  forms  have 
been  obtained. 

Lastly,  the  genus  Ancylus  (fig.  730,  c)  comprises  the  so-called 
"  River-limpets,"  distinguished  by  their  thin  limpet-shaped  shell,  the 
apex  of  which  is  approximated  to  the  hinder  margin.  The  fossil 
species  are  few  in  number,  and  the  earliest  forms  appear  in  the 
Miocene  deposits. 
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Family  3.  SiPHONARiiDiE. — This  family  comprises  certain  marine 
Gastropods,  of  amphibious  habits,  which  agree  with  the  normal 
Pulmonates  in  the  possession  of  a  pulmonary  chamber.  The  shell 
is  limpet-shaped,  unsymmetrical,  and  usually  radially  ribbed.  The 
muscular  impression  in  the  interior  of  the  shell  is  interrupted  by  a 
lateral  sinus  corresponding  with  the  opening  of  the  pulmonary  sac. 
The  type-genus  of  this  family  is  Siphonaria  itself,  the  living  species 
of  which  are  found  in  tropical  seas.  The  earliest  fossil  forms  appear 
in  the  Eocene  deposits,  but  the  shell  is  with  difficulty  distinguished 
from  that  of  the  Paiellida. 

Family  4.  Gadiniid^e. — This  family  comprises  marine  Pulmo- 
nates, which  possess  a  patelliform  shell,  and  differ  from  the  preced- 
ing family  only  as  regards  the  armature  of  the  mouth.  No  undoubted 
fossil  forms  of  the  family  are  known,  but  Professor  von  Zittel  is 
disposed  to  refer  here  the  genus  Valenciennesia,  in  which  the  shell 
is  like  that  of  a  large  limpet,  but  the  apex  is  much  incurved,  and 
an  internal  sulcus  and  corresponding  superficial  fold  extend  from 
the  apex  to  the  right  margin,  and  exist  in  a  less  developed  form  on 
the  left  side.  This  remarkable  genus  occurs  in  abundance  in  the 
brackish  -  water  Upper  Miocene  deposits  ("Congeria-beds")  of 
south-eastern  Europe. 
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Class  III.  Polyplacophora. 


The  class  of  the  Polyplacophora  comprises  only  the  family  of  the 
ChitonidcB,  which  differs  in  many  important  respects  from  the  Gastro- 
pods, and  presents  certain  relationships  with  the  Worms.  The  body 
in  the  Chitonida.  (fig.  731,  a)  is  elongated  and  worm-like,  bilaterally 

symmetrical,  with  the  mouth 
[  at  the  anterior  end,  and  the 

anus  at  the  hinder  extremity 
of  the  body.  There  is  no 
differentiated  head,  nor  are 
cephalic  tentacles  develop- 
ed. The  under  surface  of 
the  foot  forms  a  creeping 
disc ;  and  the  gills  are  nu- 
merous (fig.  731,^),  and  are 
contained  in  an  imperfect 
pallial  chamber  or  groove, 
between  the  margins  of  the 
foot  and  the  edge  of  the 
mantle.  The  upper  surface 
of  the  body  is  covered  by 
the  mantle,  which  secretes 
a  "multivalve"  shell  (fig. 
731,  b),  composed  of  eight  transverse  imbricated  plates,  which  suc- 
ceed one  another  from  before  backwards,  and  are  embedded  in  the 
leathery  or  fibrous  border  of  the  mantle. 

The  shell  of  the  Chitons  (fig.  731,  b,  and  fig.  732)  consists  of 
eight  valves  placed  in  a  line,  the  anterior  or  "  cephalic  "  valve  and 
the  posterior  or  "  anal "  valve  invariably  differing  from  the  six  "  in- 
termediate "  valves,  which  are  similar  to  one  another.  Each  of  the 
intermediate  valves  is  divisible  by  lines  of  sculpturing  into  a  central 


A  B 

Fig.  731. — A,  Under  surface  of  a  species  of  Chiton 
(after  Cuvier):  t,  Fringe  of  tentacles  round  the  mouth 
\o)  ;  g.  Branchiae ;  f,  Under  surface  of  foot ;  a.  Anus. 
B,  Shell  of  Chiton  squamosus,  reduced  one-half. 
(After  S.  P.  Woodward.) 
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Fig.  732. — A,  Cephalic  valve,  B,  one  of  the  in- 
termediate valves,  and  c,  anal  valve  of  Chiton 
magnificus,  viewed  from  the  dorsal  aspect  : 
Central  area  of  the  valve  ;  One  of  the  lateral 
areas  of  the  valve  ;  c  Apophyses  or  sutural 
laminae  ;  bb.  Sinus  and  jugal  area.   (After  Gray.) 


area  (fig.  732,  b,  ;//)  and  two  lateral  areas  (/).  The  upper  or 
exposed  surface  of  the  valves  is  spoken  of  as  the  "tegmentum," 
while  the  "  articulamentum "  is  a  peripheral  zone  which  supports 
and  is  partly  covered  by  the 
tegmentum.  The  shell  is  en- 
tirely surrounded  by,  and  more 
or  less  extensively  embedded 
in,  the  "  girdle "  or  "  zona " 
formed  by  the  border  of  the 
mantle,  and  variously  covered 
on  its  upper  surface  with 
scales,  spines,  or  bristles. 
The  cephalic  and  the  six  in- 
termediate plates  have  their 
apices  at  their  posterior  mar- 
gin, but  the  apex  of  the  anal 
plate  is  usually  anterior. 

The  cephalic  valve  is  usu- 
ally semicircular  in  shape,  and 
its  front  edge  is  generally 
prolonged  into  an  "insertion- 
plate,"  or  forward  extension 
of  the  "  articulamentum,"  by  which  it  is  embedded  in  the  mantle. 
The  intermediate  valves  are  transverse  in  shape  as  a  rule,  and 
their  front  edges  are  furnished  with  forward  extensions  of  the  arti- 
culamentum, which  serve  to  unite  the  successive  valves,  and  are 
known  as  the  "apophyses"  or  "sutural  laminae"  (fig.  732,  c).  Pos- 
teriorly the  intermediate  plates  usually  possess  "insertion-plates." 
The  anal  valve  is  variable  in  form  and  sculpturing,  as  well  as  in  the 
position  of  its  apex,  but  it  has  in  front  a  pair  of  apophyses,  separated 
by  a  median  sinus  {b),  and  it  possesses  an  insertion-plate  posteriorly. 
The  insertion-plate  of  the  anal  valve  may  be  similar  in  form  to  that 
of  the  cephalic  valve,  or  may  be  different  from  it,  and  by  this  char- 
acter the  Chitons  are  grouped  as  "regular"  or  "  irregular." 

The  tegmentum  of  the  recent  Chitons  exhibits  two  sets  of  superficial 
circular  apertures,  one  set  large  ("  megalopores  "),  the  other  set  of  much 
smaller  size  ("micropores").  These  apertures  lead  into  corresponding 
sets  of  tubes,  large  and  small,  which  perforate  the  shell  vertically,  and 
open  below  into  a  plexus  of  horizontal  canals  running  in  the  space  be- 
tween the  apposed  surfaces  of  the  tegmentum  and  articulamentum.  These 
horizontal  canals  open  internally,  and  lodge  processes  derived  from  the 
mantle,  which  send  out  ramifications  into  the  canals  connected  with  the 

megalopores"  and  "micropores."  These  ramifications  finally  expand 
into  differently-sized  papilliform  bodies  ("  megala;sthetes  "  and  "  micnes- 
thetes  ),  which  appear  to  be  peculiar  organs  of  touch.  Further,  as  shown 
by  Moseley,  a  number  of  the  "  megalssthetes  "  are  in  some  cases  spe- 
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cially  modified  in  structure,  and  become  converted  into  minute  eyes 
which  are  distributed  over  the  exposed  surface  of  the  tegmentum. 

The  Chitons  are  inhabitants  of  the  sea,  and  they  are  of  rare 
occurrence  as  fossils,  being  more  abundant  in  the  Palaeozoic  than 
the  Mesozoic  or  Kainozoic  deposits.  Under  the  name  oi  Holochiton, 
Fischer  has  united  the  recent  genus  Leptochiton  and  a  number  of 
Palaeozoic  types  which  have  been  placed  in  groups  under  special 
names  {Helminthochitofi,  Gryphochiton,  &c.)  The  general  characters 
of  the  "  Holochitons  "  are  the  possession  of  an  oval  or  elongated 
shell,  in  which  the  "  insertion-plates  "  are  obsolete  or  more  or  less 
developed,  their  margins  being  in  the  latter  case  entire,  and  showing 
neither  fissures  nor  denticulations.  Taken  as  a  whole,  the  Palse- 
ozoic  Chitons  are  characterised  by  the  elongated  form  of  the  shell, 
the  narrowness  of  the  valves  (fig.  733),  the  absence  or  rudimentary 

condition  of  the  insertion-plates,  and  the 
widely  separated  sutural  laminae.  In  their 
narrow  valves  and  elongated  form  the 
Palaeozoic  Chitons  resemble  the  recent 
genus  Cryptoplax  (  =  Chito7iellus),  but  the 
shell  in  the  latter  is  formed  wholly  by  the 
articulamentum,  the  valves  are  more  or 
less  separated,  and  the  insertion-plates 
have  fissured  margins.  As  regards  their 
geological  distribution,  the  "  Holochi- 
tons "  range  from  the  Ordovician  to  the 
Permian  rocks,  but  the  majority  of  the 
known  forms  are  Carboniferous.  Some 
of  the  Carboniferous  types,  however, 
possibly  belong  to  Cryptoplax  {Chitonel- 
lus).  The  conical  calcareous  plates  of 
the  Silurian  rocks  of  Gotland,  which 
have  been  described  under  the  name  of 
Chelodes,  are  regarded  by  Lindstrom  as  referable  to  the  Chitonidce. 
The  plates  of  Chelodes  show  remarkable  resemblances  to  those  of 
the  Chitons,  but  they  are  altogether  peculiar  in  the  fact  that  not 
only  are  there  no  insertion-plates,  but  the  sutural  laminas  are  also 
wholly  unrepresented. 

But  few  representatives  of  the  Polyplacophora  have  hitherto  been 
found  in  the  Secondary  and  Tertiary  rocks,  and  these  few  appear  to 
belong  to  the  genus  Chiton  itself,  in  which  the  insertion-plates  are 
well  developed  and  possess  fissured  margins,  those  of  the  cephalic 
and  anal  valves  being  alike  in  form. 


Fig.  733. — Holochiton  {Gryfiho- 
chitoii)  priscus,  from  the  Carbon- 
iferous Limestone  of  Belgium,  a. 
Four  consecutive  plates ;  b.  Anal 
plate  seen  from  the  exterior  and 
from  the  interior.  (After  De 
Koninck— copied  from  Zittel.) 
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Class  IV.  Scaphopoda. 


This  class  of  Molluscs  includes  only  the  single  family  of  the 
DentaliidcE,  the  characters  of  which  would  assign  to  it  a  position  in 
some  respects  intermediate  between  the  Lamellibranchs  and  the 
Gastropods.  The  type  of  the  group  is  the  genus  Dentaltwtt,  the 
animal  of  which  is  bilaterally  symmetrical,  and  is  enclosed  in  a  con- 
tinuous mantle,  which  secretes  a  tubular  shell,  which  is  open  at  both 
ends.  From  the  large  anterior  aperture  of  the  shell  is  protruded  the 
foot,  with  a  circle  of  tentacles  surrounding  the  mouth,  but  there  is 
no  distinct  head.  The  oral  tentacles  appear  to  discharge  a  respi- 
ratory function,  but  there  are  no  specialised  branchiae,  nor  is  a 
definite  heart  present.  The  nervous  system  is  of  the  Molluscan 
type ;  the  kidneys  are  paired ;  the  sexes  are  distinct ;  and  the 
pharynx  is  furnished  with  a  radula. 

The  shell  in  the  Dentaliidce  is  in  the  form  of  a  slightly  curved 
calcareous  tube  (fig.  735),  of  conical  form,  but  not  spirally  coiled. 
The  shell  is  open  at  both 
ends,  the  anterior  aperture 
being  larger  than  the  pos- 
terior, and  the  latter  being 
sometimes  simple,  some- 
times crenulated  or  fissured. 
The  concave  side  of  the  tube 
corresponds  with  the  dorsal 
side  of  the  animal,  and  the 
ventral  side  is  convex.  No 
operculum  is  developed. 

The  Dentaliida  are  all 
marine,  and  live  buried  in 
sand  or  mud,  with  the  wide 
anterior  extremity  of  the 
shell  downwards.  The  fos- 
sil forms  begin  at  least  as 
early  as  the  Devonian,  and 
some  Ordovician  and  Si- 
lurian types  have  been  re-  _ 

rrirrlprl      fVir>iirrl-i     tVioco    nt-o     the  oral  tentacles  protruded  from       Miocene.  (Aft 
COraea,    tnougn    tnese    are    the  anterior  opening  of  the  shell.  Deshayes.) 
not   free   from   doubt.  (After  Lacaze  Duthiers.) 

In  the  genus  Dentalium 
(figs.  734  and  735)  the  tubular  shell  is  smooth,  or  longitudinally 
striated,  or  annulated ;  the  anterior  aperture  is  simple  and  is  not 
contracted ;  and  the  posterior  aperture  is  typically  truncated  and 
entire.  Entalis  is  hardly  separable  from  Dentalium  proper,  but  there 
is  a  short  slit  at  the  posterior  aperture  on  the  ventral  (convex)  side 


Fig.  734. — Dcntalhini  vul- 
gare,  of  the  natural  size,  with 


Fig-  ms— Den- 
talium Bone  i. 

"ter 
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of  the  tube.  The  fossil  species  of  Defitalmm  may  be  confounded 
with  the  tubes  of  Tubicolar  Annelides,  or  a  reverse  mistake  to  this 
may  be  made.  Species  of  Dentalium  have  been  described  from  the 
Ordovician  rocks  of  Russia  by  Eichwald,  but  the  nature  of  these  is 
not  absolutely  certain.  Undoubted  forms  of  the  genus  appear  in 
the  Devonian  rocks,  and  a  number  of  Carboniferous  species  are 
known.  In  the  Secondary  and  Tertiary  rocks  the  genus  is  well 
represented,  the  later  forms  being  usually  more  ornate  as  regards 
the  characters  of  the  surface  than  are  the  older  types. 

In  the  genus  Siphonodentalium  {Gadus)  the  tubular  shell  may  or 
may  not  be  contracted  towards  its  anterior  extremity,  but  is  always 
attenuated  behind  ;  and  the  posterior  aperture  is  incised  or  lobulated. 
The  surface  is  smooth  or  finely  striated.  The  genus  ranges  from 
the  Cretaceous  rocks  to  the  present  day.  Lastly,  in  the  Recent 
and  late  Tertiary  genus  Cadulus,  the  tube  is  swollen  in  its  middle, 
and  both  its  apertures  are  entire,  the  hinder  one  being  crenulated. 
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CLASS  V.  CEPHALOPODA. 

The  members  of  the  class  Cephalopoda  are  bilaterally  symmetrical 
Molluscs,  with  a  large  head,  attd  having  the  body  enclosed  in  a 
muscular  mantle.  The  fore-pa?-t  of  the  foot  is  split  up  into  eight  or 
more  jmiscular  processes  or  "  arms,'''  which  surround  the  mouth  ;  while 
the  epipodia  are  well  developed,  and  give  rise,  by  apposition  or  fusion, 
to  a  fiiuscular  tube  {"funnel")  through  which  the  effete  water  of  res- 
piration is  expelled.  One  or  two  pairs  of  gills  are  contained  ivithin 
the  pallial  sac,  and  the  sexes  are  always  distinct. 

The  Cephalopoda,  comprising  the  Cuttle-fishes,  Pearly  Nautilus, 
&c.,  constitute  the  most  highly  organised  of  the  classes  of  the 
Mollusca.  They  are  all  marine  and  carnivorous,  and  are  possessed 
of  considerable  locomotive  powers.  At  the  bottom  of  the  sea  they 
can  walk  about,  head  downwards,  by  means  of  the  arms  which  sur- 
round the  mouth,  and  which  are  usually  provided  with  numerous 
suckers  or  "  acetabula."  They  are  also  enabled  to  swim,  partly  by 
means  of  lateral  expansions  of  the  integument  or  fins  (not  always 
present),  and  partly  by  means  of  the  forcible  expulsion  of  water 
through  the  tubular  "  funnel,"  the  reaction  of  which  causes  the 
animal  to  move  in  the  opposite  direction. 

The  body  in  the  Cephalopoda  is  bilaterally  symmetrical,  the 
cephalic  region  being  conspicuously  marked  out,  and  being  sepa- 
rated from  the  visceral  region,  which  is  enclosed  in  the  mantle  (fig. 
736).  The  head  bears  a  pair  of  large  globular  eyes,  and  has  the 
mouth  placed  in  the  centre  of  its  anterior  surface.  The  mouth  is 
surrounded  by  a  circle  of  long  muscular  processes  or  "  arms," 
formed  by  the  splitting  up  of  the  margins  of  the  foot.  In  the 
Cuttle-fishes  there  are  always  either  eight  or  ten  "  arms,"  and 
these  are  provided  with  muscular  suckers,  which  can  be  used  in 
prehension.  In  the  Pearly  Nautilus,  on  the  other  hand,  the  arms 
are  numerous,  and  are  not  furnished  with  suckers.  The  lateral 
margins  of  the  foot  ("epipodia")  are,  again,  either  placed  in 
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apposition  {Nautilus)  or  are  actually  united  (Cuttle-fishes),  in  such 
a  manner  as  to  form  a  muscular  tube,  known  as  the  "funnel." 
The  funnel  (fig.  736,  /)  is  placed  on  the  lower  surface  of  the 
body,  with  its  anterior  extremity  projecting  beyond  the  mantle, 

while  it  opens  behind  into  the 
pallial  chamber.  It  serves  for 
the  elimination  of  the  water 
which  has  been  used  in  respi- 
ration, and  the  out-going  cur- 
rents also  carry  away  with  them 
the  excretions  of  the  kidneys 
and  of  the  ink-sac,  together 
with  the  faeces.  By  the  con- 
tractions of  the  mantle,  the 
water  contained  in  the  pallial 
sac  can  also  be  driven  through 
the  funnel  in  a  succession  of 
jets,  driving  the  animal  back- 
wards through  the  water. 

The  mouth  in  the  Cephalo- 
pods  conducts  into  a  powerful 
buccal  cavity  or  pharynx  (fig. 
736,//^)  containing  two  power- 
ful mandibles,  working  verti- 
cally, resembling  the  beak  of 
a  parrot  in  shape,  and  either 
horny  (as  in  the  Cuttle-fishes), 
or  partially  calcified  (as  in 
Nautilus).  There  is  also  a 
toothed  tongue  or  "  radula." 
The  intestine  is  short,  and  the 
anal  opening  is  placed  at  the 
base  of  the  funnel.  The 
Cuttle-fishes  possess  a  special 
glandular  organ,  the  ink- 
bag  "  (fig.  736,  i\  which 
secretes  an  inky  fluid,  which 
the  animal  can  discharge  into 
the  water,  so  as  to  facilitate 
its  escape  when  menaced  or 
pursued.  The  duct  of  the 
ink-sac  opens,  along  with  the  intestine,  at  the  base  of  the  funnel ; 
but  in  the  Pearly  Nautilus  and  its  extinct  allies  the  ink-gland  is 
entirely  absent. 

A  well-developed  heart  is  present  in  the  Cephalopods,  and  the 


Fig.  736. — Diagram  of  the  structure  of  a  Cuttle- 
fish, fh.  Pharynx,  with  the  horny  mandibles ; 
sa,  Salivary  glands  ;  ce,  Qisophagus  ;  s.  Stomach ; 
c.  Gastric  caecum ;  in.  Intestine ;  /,  Liver ;  «, 
CEsophageal  nerve-collar ;  g.  One  of  the  gills, 
with  the  branchial  heart  at  its  base  ;  i,  Ink-bag, 
its  duct  opening  along  with  the  intestine  and 
generative  duct  at  the  base  of  the  funnel ;  ov. 
Ovary ;  d.  Oviduct  (the  nidamental  and  accessoi-y 
glands  are  omitted) ;  f,  Funnel,  /,  Pen,  lying  in 
the  mantle  dorsally. 


CEPHALOPODA. 


823 


respiratory  organs  are  in  the  form  of  plume-like  gills  placed  sym- 
metrically on  the  sides  of  the  body  within  the  pallia  sac.  Ihe 
Cuttle-fishes  (Dibranchiate  Cephalopods)  have  two  gills  one  on 
each  side,  while  the  Pearly  Nautilus  and  its  allies  (Tetrabranchiate 
Cephalopods)  have  four  gills,  two  on  each  side.  The  currents  of 
water  needed  in  respiration  are  maintained  by  the  alternate  contrac- 
tions and  expansions  of  the  muscular  walls  of  the  mantle-sac.  In 
each  expansion  the  water  finds  its  way  into  the  palhal  chamber  by 
the  opening  between  the  rim  of  the  mantle  and  the  neck ;  and  in 
each  contraction  it  is  expelled  through  the  tube  of  the  funnel,  which 
is  so  constructed  as  to  allow  of  the  egress  but  to  prevent  the  mgress 

of  the  water.  ,  .  ,  ,    ,     ,      j  j 

The  nervous  system  of  the  Cephalopoda  is  highly  developed,  and 
its  central  masses  form  an  oesophageal  nerve-collar,  which  is  pro- 
tected by  a  cartilaginous  plate. 

The  sexes  are  in  different  individuals,  and  the  males  and  females 
are  commonly  more  or  less  unlike  externally,  the  former  often  having 
one  of  the  arms  specially  modified  to  serve  as  an  intromittent  organ. 
The  ducts  of  the  generative  glands  open  at  the  base  of  the  funnel, 
and  each  individual,  besides  the  essential  organs  of  reproduction 
(testis  or  ovary),  generally  possesses  accessory  glands.  The  most 
important  of  these  accessory  glands  in  the  females  are  known  as 
the  "  nidamental  glands,"  and  they  secrete  a  viscid  material  which 
unites  the  eggs  together. 

The  shell  of  the  Cephalopoda  is  sometimes  external,  sometimes 
internal.  The  internal  skeleton  (fig.  737)  is  known  as  the  "  cuttle- 
bone,"  "  sepiostaire,"  or  "  pen "  {gladius),  and  may  be  either  cor- 
neous or  calcareous.  In  some  cases  it  is  rendered  complex  by  the 
addition  of  a  chambered  portion  or  "  phragmacone,"  which  is  to  be 
regarded  as  a  visceral  skeleton  or  "  splanchnoskeleton."  In  Spirula 
(fig.  737,  <r)  the  phragmacone  is  the  sole  internal  skeleton,  and  is 
coiled  into  a  spiral,  the  coils  of  which  lie  in  one  plane,  and  are  near 
one  another,  but  not  in  contact.  It  thus  resembles  the  shell  of  the 
Pearly  Nautilus,  but  it  is  internal,  and  differs,  therefore,  in  this  re- 
spect from  the  external  shell  of  the  latter,  though  it  is  so  far  ex- 
ternal that  the  last  chamber  lodges  part  of  the  viscera.  The  only 
living  Cephalopods  which  are  provided  with  an  external  shell  are  the 
Paper  Nautilus  {Argonauta)  and  the  species  of  Pearly  Nautilus 
{Nautilus) ;  but  not  only  is  the  structure  of  the  animal  different  in 
each  of  these,  but  the  nature  of  the  shell  itself  is  entirely  different. 
The  shell  of  the  Argonaut  is  involuted,  but  is  not  divided  into 
chambers,  and  it  is  secreted  by  the  webbed  extremities  of  the  two 
dorsal  arms  of  the  female.  The  arms  are  bent  backwards,  so  as  to 
allow  the  animal  to  live  in  the  shell,  but  there  is  in  reality  no  organic 
connection  between  the  shell  and  the  body  of  the  animal.    In  fact, 
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he  shell  of  the  Argonaut,  being  confined  to  the  female,  and  serving 
by  Its  empty  apex  as  a  receptacle  for  the  ova,  may  be  looked  upon 
as  a  nidamental  shell,"  or,  as  it  is  secreted  by  a  modified  portion 
ot  the  foot.  It  may  more  properly  be  regarded  as  a  "pedal  shell" 
The  shell  of  the  Pearly  Nautilus,  on  the  other  hand,  is  a  true  pallial 
shell,  and  is  secreted  by  the  body  of  the  animal,  to  which  it  is 
organically  connected.  It  is  involuted,  but  it  differs  from  the  shell 
of  the  Argonaut  in  being  divided  into  a  series  of  chambers  by  shelly 


Fig.  737-— «,  Internal  skeleton  of  Sejii'a  ornata  ;  i,  Pen  of  HisHoteuthis  Bonelliana; 
c,  Shell  ("  phragmacone  ")  of  Spirula  fragilis;  d,  Animal  of  Spirula  Peronii. 


partitions  or  septa,  which  are  pierced  by  a  tube  or  "  siphuncle,"  the 
animal  itself  living  in  the  last  chamber  only  of  the  shell. 

The  Cephalopoda  are  divided  into  two  extremely  distinct  and 
well-marked  orders,  termed  the  Dibranchiata  and  Tetrabranchiata, 
in  accordance  with  the  number  of  gills  possessed  by  the  animal. 
The  former  comprises  all  the  true  Cuttle-fishes ;  whilst  the  latter, 
though  abundantly  represented  in  past  time,  has  no  other  living 
representatives  than  three  or  four  species  of  the  genus  Nautilus. 

As  regards  their  distribution  in  space,  the  Cephalopods  are  ex- 
clusively inhabitants  of  the  sea,  and  sometimes  attain  a  great  size. 
They  live  partly  in  the  open  sea  and  partly  in  shallow  water  close 
to  shore,  and  are  carnivorous  in  habit. 

As  regards  their  general  distribution  in  time,  the  oldest  forms  of 
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the  Cephalopoda  {Orthoceras  and  Cyrtoceras)  appear  in  the  Upper 
Cambrian  rocks.  All  the  known  Pateozoic  representatives  of  the 
class  belong  to  the  order  of  the  Tetrabranchiata,  whereas  the  order 
of  the  Dibranchiata  makes  its  first  appearance  in  rocks  of  Triassic 
age.  The  Tetrabranchiates  attain  their  maximum  in  the  Secondary 
period,  about  six  or  seven  thousand  fossil  forms  being  already  known 
from  strata  of  Palteozoic  and  Mesozoic  age.  On  the  other  hand, 
but  few  Tertiary  Tetrabranchiates  have  been  recorded,  and  the 
order  is  represented  at  the  present  day  by  the  single  genus  Nautilus. 
The  order  of  the  Dibranchiata,  on  the  contrary,  attains  its  maximum 
development  at  the  present  day. 


826 


CHAPTER  XLII. 

DIVISIONS  OF  THE  CEPHALOPODA. 
Order  I.  Tetrabranchiata. 

The  Tetrabranchiate  Cephalopods  are  distinguished  by  the  posses- 
sion of  an  external  many-chambered  shell,  the  last  and  largest  cha7nber 
of  which  lodges  the  body  of  the  anitnal.  The  chajnbers  are  separated 
by  calcareous  partitions  or  septa"  perforated  by  a  membranous  tube 
or  siphuncle."  The  head  is  furnished  with  numerous  fleshy  '■'■ten- 
tacles" which  are  not  provided  with  suckers  ;  the  branchice  are  four 
in  number,  tivo  on  each  side  of  the  body  ;  the  funnel  does  not  form  a 
complete  tube  ;  and  there  is  no  ink-bag. 

This  order  of  the  Cephalopods  is  represented  at  the  present  day 
by  the  single  genus  Nautilus,  with  four  living  species,  and  we  may 
take  the  well-known  Pearly  Nautilus  {N  pompilius)  as  the  type  of 
the  division.  The  body  of  the  Pearly  Nautilus  consists  (fig.  738) 
of  a  posterior  visceral  mass  and  an  anterior  cephalic  region,  the 
whole  being  contained  in  the  capacious  outermost  chamber  (body- 
chamber)  of  the  shell,  from  which  the  head  can  be  protruded  at 
will.  The  shell  is  rolled  up  into  a  flat  spiral,  and  the  position  of 
the  animal  is  such  that  the  "  funnel "  (fig.  738,/)  is  turned  towards 
the  convex  side  of  the  shell,  which  is  thus  the  ventral  side,  the 
concave  side  being  dorsal.  The  visceral  mass  is  included  in  the 
mantle,  which  is  thin  behind,  but  becomes  thicker  in  front, 
being  reflected  on  the  dorsal  side  as  a  kind  of  collar  over  the  con- 
vexity of  the  preceding  whorl,  which  it  invests  with  a  black  shelly 
deposit.  The  animal  is  attached  to  the  shell  by  a  double  shell- 
muscle,  while  the  posterior  extremity  gives  off  a  membranous  tube 
or  "  siphuncle,"  which  pierces  the  successive  septa  centrally,  and  is 
continued  backwards  through  the  entire  series  of  air-chambers. 

The  front  portion  of  the  "foot"  surrounds  the  animal's  mouth, 
and  is  furnished  with  a  number  of  cylindrical,  retractile  "  tentacles," 
which  are  not  provided  with  suckers.    Dorsally  a  portion  of  the 
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foot  is  thickened,  and  forms  a  fleshy  fold  or  "hood  (fig.  n^,  c), 
which  abuts  against  the  preceding  whorl  of  the  shell.  On  the  ven- 
tral side  the  median  portion  of  the  foot  is  converted  mto  two  mus- 
cular lobes,  which  are  placed  in  apposition  but  are  not  fused  with 
one  another,  thus  forming  the  "  funnel."  As  in  all  the  Cephalopods 
the  funnel  serves  for  the  expulsion  of  the  currents  of  water  which 
have  passed  over  the  gills,  as  also  for  the  escape  of  the  undigested 
portions  of  the  food  and  the  generative  products. 

The  mouth  is  placed  in  the  centre  of  the  head,  and  is  armed  with 
two  horny  mandibles,  partially  calcified  towards  their  extremities, 
and  shaped  like  the  beak  of  a  parrot,  except  that  the  inferior  man- 


Fig.  738. — Pearly  Nautilus  (^Nautilus  j>o>npilius).    a,  Mantle  ;  i,  Its  dorsal  fold  ; 
c,  Hood  ;  0,  Eye  ;  t.  Tentacles  ;  f,  Funnel. 

dible  is  the  longest.  A  "  radula "  is  present,  and  the  intestine 
terminates  at  the  base  of  the  funnel.  The  heart  is  contained  in  a 
large  viscero-pericardial  sac  (or  "  pericardium  "),  and  consists  of  a 
ventricle,  which  receives  four  branchial  veins ;  but  there  are  no 
"  branchial  hearts."  The  branchiae  are  contained  within  the  mantle- 
cavity,  and  are  four  in  number,  two  on  each  side.  No  ink-gland  is 
developed.  The  sexes  are  distinct,  and  the  reproductive  organs  of 
the  female  consist  of  an  ovary,  with  two  oviducts  (the  left  rudi- 
mentary), and  an  accessory  nidamental  gland. 

The  only  structures  possessed  by  the  Pearly  Nautilus  which  are 
capable  of  preservation  in  the  fossil  condition  are  the  mandibles  and 
the  shell,  since  the  foot  in  this  genus  secretes  no  structure  which 
can  be  compared  with  the  "  operculum  "  of  the  Gastropods.  Leav- 
ing out  of  sight  the  "  Aptychi "  of  the  Ammonites,  it  is  from  fossil 
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beaks  or  shells  that  we  derive  our  knowledge  of  the  extinct  Tetra- 
branchiates ;  and  it  is  therefore  necessary  to  study  these  parts  in 
some  detail,  and  with  reference  to  the  entire  order. 

In  the  living  Pearly  Nautilus  the  horny  mandibles,  which  com- 
pose the  "  beak,"  are  calcified  towards  their  tips,  the  upper  mandible 
more  extensively  so  than  the  lower  one.  Similar  beak-like  jaws 
have  been  long  known  as  occurring  in  the  Secondary  and  Tertiary 
rocks,  and  they  have  been  described  under  the  name  o{  Rhyiicholites. 
The  Jurassic  and  Cretaceous  fossils  included  under  the  name  of 
Rhynchoteuthis  (fig.  739)  are  very  similar  to  Rhyncholites,  and  are 
doubtless  the  calcified  mandibles  of  some  species  of  Nautilus,  or  of 


Fig-  739. — Rhynchoteuthis  Astierianus.    Lower  Greensand  (Cretaceous). 


some  allied  type.  In  the  Palaeozoic  rocks,  in  which  the  Natitiloidea 
are  abundantly  represented,  the  fossil  beaks,  except  for  a  Carbon- 
iferous "  Rhyncholite,"  are  unknown. 

The  shell  in  all  the  Tetrabranchiates  resembles  that  of  the  Nau- 
tilus in  having  a  larger  or  smaller  body-chamber,  preceded  by  a 
chambered  portion,  which  is  divided  into  compartments  by  shelly 
partitions  or  "  septa"  (fig.  738).  The  chambers  are  usually  spoken 
of  as  the  "air-chambers,"  on  the  belief  that  they  are  filled  with  some 
gas  secreted  by  the  animal  itself,  but  some  authorities  take  the  view 
that  they  are  naturally  filled  with  water.  In  all  the  Tetrabranchiates 
the  chambers  are  traversed  throughout  by  an  originally  membranous 
tube  or  "  siphuncle,"  which  is  connected  with  the  hinder  end  of  the 
visceral  sac. 

In  the  Pearly  Nautilus,  as  before  pointed  out,  the  animal  is  so 
related  to  its  shell  that  the  "  funnel "  is  turned  towards  the  convex 
side  of  the  latter,  the  aperture  of  the  shell  showing  a  corresponding 
sinuation  on  that  side.  Hence,  in  the  living  Pearly  Nautilus  the 
convex  side  of  the  shell  is  ventral,  and  the  shell  is  "  exogastric." 
In  various  fossil  Nautiloids,  however,  it  can  be  shown  that  the  shell- 
aperture  is  excavated  on  the  inner  or  concave  side,  at  which  point 
we  must  suppose  the  "funnel"  to  have  been  placed.     In  such 
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"endogastric"  types  the  concave  side  of  the  shell  /he  ven  ral 
side,  the  dorsal  side  being  convex.  In  a  great  many  fossil  forms 
however,  there  is  no  dear  evidence  as  to  the  position  of  the  amma 
in  relation  to  its  shell ;  and  in  such  cases  as  in  the  Ammonites  it 
is  advisable  to  employ  the  terms  "  external "  and  internal  for  the 
convex  and  concave  sides  of  the  shell,  since  we  do  not  know  which 
side  is  "dorsal"  or  "ventral." 

The  shell  of  the  Tetrabranchiates  may  be  regarded  as  essentially 
a  more  or  less  elongated  cone,  the  pointed  end  of  which  is  parti- 


Fig.  740. — Fragment  of  Actinoceras 
crebriseptum—Cmcmmti  Group,  North 
America,  of  the  natural  size.  The  lower 
figure  is  a  section  showing  the  air- 
chambers,  and  the  form  and  position 
of  the  siphuncle.    (After  Billings.) 


Fig.  741. — Restoration  of  Orthoceras, 
the  shell  being  supposed  to  be  divided 
vertically,  and  only  its  upper  part  being 
shown.  a.  Arms  ;  f.  Muscular  tube 
("funnel")  by  which  water  is  expelled 
from  the  mantle-chamber ;  c,  Air-cham- 
bers ;  ^,  Siphuncle. 


tioned  off  into  air-chambers,  while  the  body-chamber  is  situated  at 
the  wide  end  (figs.  740  and  741).  In  some  cases,  as  in  Orthoceras 
and  Baculites,  the  shell  retains  permanently  its  primitive  form  as  a 
straight  cone.  In  other  cases  the  originally  straight  cone  may  be 
slightly  bent  {Cyrtoceras) ;  twisted  into  a  hook  {Hamites) ;  doubled 
on  itself  (Ptychoceras) ;  or  coiled  into  an  open  spiral,  the  turns  of 
which  may  lie  in  one  plane  {Gyroceras)  or  may  pass  obliquely  round 
an  imaginary  axis  {Helicoceras).    Very  generally  the  volutions  of  the 


830 


DIVISIONS  OF  THE  CEPHALOPODA. 


shell  are  in  contact  with  one  another,  in  which  case  the  coils  may 
he  in  one  plane  {Nauiilus,  Afftmonites,  &c.),  or  they  may  pass  ob- 
liquely round  an  axis  {Turrilites).  In  the  discoidal  types  (such  as 
Nautilus  and  the  Ammonites)  the  last  volution  may  more  or  less 
completely  conceal  the  preceding  turns  of  the  spiral.  In  other 
cases  the  earlier  coils  of  the  shell  remain  visible,  and  the  shell 
becomes  umbilicated. 

The  surface  of  the  shell  in  the  Tetrabranchiates  may  be  nearly 
smooth,  or  may  show  nothing  more  than  delicate  lines  of  growth. 
In  other  cases  the  surface  may  be  more  or  less  conspicuously 
adorned  with  various  kinds  of  sculpturing,  which  may  have  a  direc- 
tion corresponding  with  the  long  axis  of  the  shell,  or  may  be  at  right 
angles  to  this.  Thin  sections  show  that  the  shell  is  composed  of 
two  principal  layers,  of  a  different  nature.  The  outer  layer  forms  a 
thin  porcellanous  stratum,  which  is  lined  throughout  by  a  thicker 
nacreous  layer,  which  alone  forms  the  septa  between  the  air- 
chambers. 

The  "  septa,"  or  partitions  between  the  successive  air-chambers, 
vary  greatly  in  number  in  different  types  of  the  Tetrabranchiates. 


Fig.  742- — Diagram  to  illustrate  the  position  of  the  siphuncle  and  the  form  of  the  septa  in 
various  Tetrabranchiate  Cephalopods.  The  upper  row  of  figures  represents  transverse  sections 
of  the  shells,  the  lower  row  represents  the  edges  of  the  septa,  a  a,  Ammonite  or  Baculite;  b  b, 
Ceratite;  c  c,  Gotiiatiie  ;  d  d,  Clymenia;  e  e.  Nautilus  or  Ortlioceras. 


Whatever  their  number  may  be,  they  are  usually  placed  in  each 
individual  at  approximately  uniform  distances  apart  in  each  succes- 
sive portion  of  the  shell ;  but  the  last  two  or  three  septa  are  com- 
monly closer  to  one  another  than  the  rest,  probably  in  consequence 
of  an  impairment  of  the  vitality  of  the  animal  with  advancing  age. 
Up  to  a  certain  period  of  the  animal's  life,  new  chambers  are  suc- 
cessively formed  as  the  increasing  size  of  the  body  necessitates  the 
acquisition  of  more  room,  but  the  process  by  which  the  animal 
moves  forwards  prior  to  the  development  of  a  fresh  septum  is  not 
perfectly  understood.    The  edges  of  the  septa,  where  they  become 


a 


b 
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continuous  with  the  shell-wall,  are  known  as  the  sutures  and  the 
form  of  these  necessarily  varies  with  that  of  the  septa  themselves 
In  one  great  division  of  the  Tetrabranchiates  {^^xz.,  ^\.^  Nautiloidea) 
the  sepfa  are  simply  curved  or  slightly  lobed,  and  the  "  sutures 
are  more  or  less  completely  plain.  In  the  other  great  division  of 
the  order  (viz.,  the  Annnonoidea)  the  septa  are  folded  and  complex, 
and  the  "sutures"  are  angulated,  zigzag,  lobed  or  foliaceous  (fig. 
742)  The  form  of  the  "sutures"  cannot  be  determined  from  the 
exterior,  so  long  as  the  shell  is  preserved ;  but  in  fossil  forms,  m 
which  the  shell  itself  is  commonly  more  or  less  extensively  removed, 
the  form  of  the  sutures  can  be  readily  studied,  and  affords  charac- 
ters of  high  morphological  value. 

The  "siphuncle"  in  the  Tetrabranchiate  Cephalopods  has  the 
form  of  a  tube  connected  in  front  with  the  hinder  end  of  the 
body,  and  continued  backwards  throughout 
the  entire  series  of  air-chambers.    The  pre- 
cise function  of  the  siphuncle  is  uncertain, 
but  it  probably  serves  to  maintain  the  vitality 
of  the  shell.    In  the  Pearly  Nautilus  the 
siphuncle  is  a  membranous  tube,  the  walls 
of  which  are  to  some  extent  strengthened 
by  the  deposition  of  calcareous  granules. 
In  some  fossil  Tetrabranchiates  these  calca- 
reous deposits  are  so  extensively  developed 
that  the  wall  of  the  siphuncle  may  become 
completely  calcified.    The  proper  sheath  of 
the   siphuncle,  formed  in   this  way,  must, 
however,  be  carefully  distinguished  from  cer- 
tain other  calcareous  envelopes  which  may 
come  to  more  or  less   completely  enclose 
the  siphuncular  tube.    Thus,  in  the  Pearly 
Nautilus  each  septum  is  prolonged  backwards 
at  the  point  where  it  is  perforated  by  the 
siphuncle  as  a  short  shelly  tube  —  "  neck  " 
or  "funnel"  —  which  encloses  the  anterior 
portion  of  each  segment  of  the  siphuncle.  „f^|•ie^T7f 
In    some    Tetrabranchiates    these    "septal  showing  the " septal  necks " 

,  ,  1       r  1  11  ("')•    From  the  Miocene  de- 

necks     do  not   merely  form  short  collars  posits  of  Dax,  Bordeaux, 
round  the  siphuncle,  but  each  is  continued 

backwards  from  the  septum  in  which  it  originates  to  the  septum 
next  behind  (fig.  743,  si) ;  so  that  the  proper  siphuncle  becomes 
enclosed  in  a  complete  secondary  investment.  In  the  majority 
of  the  Nautiloids  the  septal  necks  are  directed,  as  in  the  Pearly 
Nautilus,  backwards  from  each  septum,  and  such  forms  are  said  to 
be  "  retrosiphonate."    On  the  other  hand,  the  majority  of  the 
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Ammonoid  Tetrabranchiates  have  the  septal  necks  continued 
forimrds  froni  the  producing  septa,  and  are  therefore  said  to  be 

prosiphonate."  In  many  of  the  extinct  types  of  the  Nautiloidea 
the  internal  structure  of  the  siphuncle  is  highly  remarkable,  the 
cavity  of  the  tube  often  becoming  contracted  by  organic  deposits  of 
secondary  origin ;  but  the  structures  in  question  will  be  more  fully 
considered  later  on.  Lastly,  important  distinctions  are  drawn  in 
the  Tetrabranchiates  from  the  position  of  the  siphuncle  in  relation 
to  the  shell.  In  the  Atmnonoidea  the  siphuncle  is  always  marginal 
and  is  mostly  placed  on  the  external  side  of  the  shell.  In  the  Nail 
tiloidea,  on  the  other  hand,  the  siphuncle  may  pierce  the  septa 
centrally  (as  in  the  Pearly  Nautilus) ;  or  it  may  be  subcentral ;  or  in 
other  cases  it  may  be  marginal,  being  then  sometimes  external, 
sometimes  internal  in  position  (fig.  742). 

The  development  of  the  shell  of  the  Pearly  Nautilus  is,  unfor- 
tunately, unknown ;  but  it  has  been  shown  that  there  are  important 
distinctions  in  the  form  and  structure  of  the  initial  chamber  of  the 


Fig.  744. — Development  of  Tetrabranchiate  Cephalopods.  a,  The  inner  end  of  the  shell  of 
Nautilus  pompilins,  enlarged,  showing  the  initial  chamber  and  the  cicatrix  ;  b,  Cyrtoceras 
pr<Epostertiin — Silurian,  showing  the  commencement  of  the  shell ;  and  (c)  the  initial  chamber 
viewed  from  below,  showing  the  cicatrix  ;  d.  Inner  portion  of  the  shell  of  Goniatites  bicanalic- 
ulatus — Devonian,  showing  the  inflated  protoconch  ;  E,  First  turn  of  the  spire  o{ Gotiiatites  sub- 
lameilosus— Devonian  ;  f,  Crioceras  Studeri — Cretaceous,  enlarged,  showing  the  protoconch  ; 
G,  Protoconch  and  first  turn  of  the  spire  of  Ammonites  quadrisulcatus — Cretaceous,  enlarged. 
(After  Barrande.) 

shell  in  the  two  groups  of  the  Nautiloidea  and  Ammonoidea  respec- 
tively. In  the  Ammonoids  the  initial  chamber  of  the  shell  (fig. 
744,  D — g)  constitutes  an  inflated,  spheroidal,  oval,  or  pyriform  sac, 
the  so-called  "  protoconch  "  (or  "  ovisac  "),  which  corresponds  with 
the  "  nucleus  "  of  the  shell  of  the  Gastropods,  and  is  separated  by  a 
constriction  from  the  first  air-chamber.  The  siphuncle  commences 
as  a  closed  and  dilated  tube,  which  deeply  indents  the  front  wall  of 
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the  protoconch,  but  does  not  penetrate  into  the  cavity  of  the  latter. 
Munier-Chalmas  has  shown,  further,  that  the  cavity  of  the  proto- 
conch is  traversed  by  a  tubular  organ  or  "  prosiphon,"  which  abuts 
against  the  front  wall  of  the  chamber,  but  does  not  communicate 
with  the  proper  siphuncle,  the  place  of  which  it  is  supposed  to  take 
in  early  life.  In  the  NauHloidea,  on  the  other  hand,  the  initial 
chamber  of  the  shell  (fig.  744,  a,  b,  c)  is  a  simple  cone,  which  is 
not  constricted  oS  from  the  first  air-chamber  and  is  not  inflated. 
The  initial  element  of  the  siphuncle  is  a  somewhat  dilated  ceecal 
tube,  which  indents  the  front  wall  of  the  initial  chamber,  but  does 
not  enter  its  cavity.  The  external  surface  of  the  initial  chamber  is 
usually  marked  by  a  network  of  transverse  and  longitudinal  strias, 
which  mostly  become  obsolete  in  the  adult  shell.  The  hinder 
extremity  of  the  initial  chamber  also  exhibits  an  oval,  rounded,  or 
slit-like  scar  or  cicatrix  (fig.  744,  a  and  c).  The  presence  of  this 
cicatrix  would  seem  to  show,  as  held  by  Hyatt,  that  the  initial 
chamber  of  the  Nautiloids  does  not  correspond  with  the  "  proto- 
conch "  of  the  Ammonoids  ;  and  it  seems  not  improbable  that  there 
existed  in  the  former  a  deciduous  protoconch,  which  is  now  repre- 
sented only  by  a  small  vacuity  in  the  centre  of  the  shell  (in  the 
spirally-inrolled  types).  Hyatt,  indeed,  has  described  and  figured 
the  remains  of  this  protoconch  as  occurring  in  certain  species  of 
Orthoceras.  On  this  view,  the  initial  chamber  of  the  shell  of  the 
Nautiloids  is  really  the  first  air-chamber,  and  the  cicatrix  in  its 
posterior  wall  marks  the  point  where  this  communicated  with  the 
caducous  protoconch. 

The  order  of  the  Tetrabranchiata  may  be  divided  into  the  two 
sub-orders  of  the  Nautiloidea  and  Ammonoidea,  typified  respectively 
by  the  Nautili  and  the  Ammonites.  The  Ammonoidea  are  regarded 
by  Fischer  as  a  separate  order  of  the  Cephalopoda  ;  while  the  char- 
acters of  the  protoconch  are  regarded  by  some  as  affording  ground 
for  a  reference  of  this  division  to  the  Dibranchiates  rather  than  to 
the  Tetrabranchiates. 

Regarded  as  a  whole,  the  Tetrabranchiate  Cephalopods  form  a 
group  which  early  attained  its  maximum,  and  is  now  almost  extinct. 
The  Palaeozoic  Tetrabranchiates  are  in  the  main  of  a  decidedly 
simpler  type  than  those  which  followed  them.  The  largest  number 
of  generic  types  existed  during  the  Mesozoic  period,  and  the  forms 
of  this  epoch  are  morphologically  the  most  complex.  With  the  close 
of  the  Secondary  period  disappeared  almost  all  the  characteristic 
Mesozoic  types,  and  the  order  was  left  without  any  representative  in 
the  Tertiary  rocks  except  the  simple  and  ancient  genus  Nautilus  and 
its  immediate  allies.  As  regards  the  two  great  sections  of  the  order, 
the  Nautiloidea  are  the  most  ancient,  dating  their  existence  from 
the  Upper  Cambrian.    Not  only  is  this  the  case,  but  they  are  pre- 
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eminently  Paleozoic,  only  a  few  generic  types  surviving  into  the 
Secondary  period.  On  the  other  hand,  the  Ammonoidea  are  pre- 
eminently Mesozoic  in  their  range,  being  represented  in  the  Palse- 
ozoic  deposits  earlier  than  the  Carboniferous  only  by  such  compara- 
tively simple  types  as  Clymenia  and  Goniatites.  With  but  limited 
and  local  exceptions,  the  A77imonoidea  are  not  known  to  have  sur- 
vived into  even  the  commencement  of  the  Kainozoic  period ;  and 
all  the  living  Tetrabranchiates  belong  to  the  single  genus  Nautilus. 


Sub-Order  I.  Nautiloidea. 

In  this  division  of  the  Tetrabranchiata  the  shell  is  straight  or  bent, 
or  variously  coiled,  the  aperture  being  simple  or  contracted,  and  the 
ventral  side  being  commonly  indicated  by  an  emargination  of  the 
apertural  edge.  The  sutures  are  simple,  rarely  undulated  or  den- 
ticulate ;  and  the  septa  are  concave  towards  the  shell-aperture.  The 
siphuncle  is  variable  in  position,  and  its  cavity  is  often  contracted  by 
internal  deposits.  The  "  septal  necks "  are  usually  short,  though 
sometimes  long,  and  are  generally  directed  backwards,  the  shell 
being  "  retrosiphonate."  The  initial  chamber  is  conical,  and  has  a 
cicatrix. 

This  sub-order  includes  the  genus  Nautilus,  and  a  large  number 
of  wholly  extinct  types.  The  general  characters  of  the  shell  have 
already  been  spoken  of  in  dealing  with  the  Tetrabranchiata  as  a 
whole ;  but  there  are  a  few  special  points  which  may  be  shortly 
noticed  here. 

The  aperture  of  the  body-chamber  in  the  Nautiloids  is  variably 
shaped.  In  some  cases,  as  in  Orthoceras,  the  aperture  is  simple,  as 
it  is  in  the  Pearly  Nautilus ;  but  the  lateral  margins  of  the  aperture 
may  be  prolonged  forwards,  so  that  a  sinus  is  produced  on  the  con- 
vex and  concave  sides  of  the  shell.  The 
most  marked  and  constant  of  these  si- 
nuses may  be  assumed  to  correspond  with 
the  funnel,  and  therefore  to  represent  the 
ventral  side  of  the  animal ;  and,  as  pre- 
viously pointed  out,  this  is  in  Nautilus 
the  convex  side  of  the  shell.  While  the 
aperture  in  many  Nautiloids  is  simple, 
it  becomes  in  other  cases  contracted  by 
the  bending  inwards  of  the  lateral  pro- 
longations of  the  mouth,  so  as  to  be 
converted  into  a  dorsal  and  ventral  open- 
ing connected  by  an  intervening  passage.  In  some  cases  the 
dorsal  and  ventral  margins  as  well  as  the  lateral  ones  are  bent 
inwards,  in  which  case  the  aperture  (fig.  745)  assumes  a  T-shaped 


Fig.  745. — Aperture  of  the  shell 
of  Gomphoceras  Bolicmicum,  re- 
duced in  size.    (After  Barraiide.) 
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or  key-hole-like  character.  According  to  the  views  of  Barrande, 
the  broad  transverse  part  of  the  aperture  represents  in  such  cases 
the  position  of  the  head,  while  the  rounded  extremity  of  the  verti- 
cal portion  of  the  aperture  corresponds  with  the  funnel.  It  is 
clear,  however,  that  with  an  aperture  so  contracted,  the  animal 
must  have  been  incapable  of  protruding  the  head,  as  the  living 
Pearly  Nautilus  can. 

The  dorsal  and  ventral  aspects  of  the  animal  have  no  constant 
relation  to  the  concave  and  convex  sides  of  the  shell  among  the 
Nautiloidea.  In  the  Pearly  Nautilus  the  convex  side  is  the  ventral 
one,  but  even  within  the  limits  of  the  same  genus  it  is  usual  to  meet 
with  forms  having  the  convex  side 
ventral  associated  with  others  in 
which  the  concave  side  is  ventral. 

The  position  of  the  siphuncle  is 
by  no  means  constant  among  the 
Nautiloids,  and  bears  no  fixed  rela- 
tion to  the  aspects  of  the  body  of 
the  animal,  though  it  is  commonly 
placed  towards  the  ventral  side. 
The  siphuncle  is  upon  the  whole, 
however,  most  generally  situated 
centrally  or  subcentrally,  and  when 
removed  towards  the  margin  it  is 
usually  external  in  the  curved 
shells,  though  it  may  be  internal. 
As  regards  its  structure  the  siph- 
uncle of  the  Nautiloids  is,  to  begin 
with,  a  simple,  membranous  tube, 
but  it  may  become  complex  in 
process  of  growth.  In  many  cases 
the  cavity  of  the  siphuncle  be- 
comes contracted  by  the  formation 
in  its  interior  of  annular  deposits 
of  calcareous  tissue  (fig.  746,  or), 
which  were  termed  by  Barrande 

"  nVicfriK-firvn  rinrrc"  •  inrl  fVif^cf^  mnif        F'g-  746.— Vertical  section  of  Orthoccras 

oDstruction-rings  ,  ana  tnese  may   „„^f;X«,  siim-ian,  showing  the  siphimcie 

be  so  extensively  developed  as   to     W  contracted  by  the  development  of  "  ob- 
,  ^  ,       1    ,       ,  ,1      ,1  stniction-rings "  (or)  opposite  the  septa. 

completely  obstruct  the  tube.  (After  Foord.) 

The  "  septal  necks  "  of  the  Nau- 
tiloids are  almost  always  directed  backwards,  the  shell  thus  being 
"  retrosiphonate"  (fig.  743).  In  the  two  genera  Nothoceras  and 
Bathmoceras  alone  are  the  septal  necks  turned  forwards,  so  that 
the  shell  is  "  prosiphonate."  In  many  forms,  as  in  the  existing 
Pearly  Nautilus,  the  septal  necks  are  short ;  but  in  other  cases 
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they  extend  from  septum  to  septum,  and  they  may  even  fit  into 
one  another  Hke  so  many  funnels  (as  in  the  genus  Endoceras). 

Lastly,  the  ''sutures,"  or  the  lines  formed  by  the  intersection 
of  the  septa  with  the  surface  of  the  shell,  are  simply  curved,  sig- 
moidally  bent,  or  in  some  cases  undulated.  In  a  few  cases  short 
external  and  internal  bendings  of  the  suture  ("lobes")  may  be 
developed,  but  these  never  constitute  a  conspicuous  feature. 

As  regards  their  disiribution  in  time,  the  earliest  types  of  the 
Nautiloidea  appear  in  the  Upper  Cambrian  deposits,  in  which  the 
genera  Orthoceras  and  Cyrtoceras  are  represented.  In  the  Ordovician 
rocks  an  enormous  number  of  Nautiloids  are  known  to  occur,  no 
less  than  four  hundred  and  sixty-three  species  having  been  recorded 
by  Barrande  from  rocks  of  this  age  in  Bohemia  alone.  The  maxi- 
mum development  of  the  group  takes  place,  however,  in  the  Silurian 
period,  the  Bohemian  area  having  yielded  to  the  researches  of  Bar- 
rande over  a  thousand  species  from  deposits  belonging  to  this 
system.  In  the  later  Palseozoic  rocks  the  Nautiloids  exhibit  a  pro- 
gressive diminution  in  numbers,  and  only  the  genera  Nautilus  and 
Orthoceras  survive  the  close  of  this  epoch,  the  latter  finally  dying 
out  in  the  Trias.  The  few  known  Tertiary  types  belong  to  Nautilus 
or  to  closely  allied  forms,  and  the  sole  existing  representatives  of  the 
sub-order  are  four  living  species  of  Nautilus. 

The  sub-order  Nautiloidea  may  be  divided  into  the  following 
families  (see  Foord's  "  Catalogue  of  the  Fossil  Cephalopoda  in  the 
British  Museum  ") : — 

Family  i.  Orthoceratid^. — In  this  family  the  shell  is  straight 
or  slightly  curved,  the  aperture  is  simple,  and  the  siphuncle  is 
usually  slender  and  cylindrical.  This  family  comprises  the  single 
genus  Orthoceras  (figs.  747,  748),  in  which  the  shell  is  in  the  form 
of  a  conical  tube  which  is  usually  straight,  but  may  be  slightly 
curved.  The  aperture  of  the  shell  is  not  contracted,  and  the  body- 
chamber  is  of  large  size.  The  septa  are  concave,  usually  horizontal, 
and  generally  far  apart ;  and  the  siphuncle  is  usually  slender  and 
cylindrical,  and  may  be  central,  subcentral,  or  excentric  in  position. 
The  numerous  species  of  Orthoceras  are  divided  by  Barrande  into 
two  principal  sections — the  Short-coned  and  Long-coned  forms — 
according  as  the  shell  has  the  form  of  a  short  cone  with  a  large 
apical  angle,  or  of  a  prolonged  cone  with  a  small  apical  angle.  The 
first  of  these  groups  is  a  very  small  one,  and  almost  all  the  more 
common  Orthocerata  belong  to  the  second  section.  Though  the 
shell  is  tjrpically  straight,  it  may  be  gently  curved  throughout  (as  in 
O.  angulaiufii) ;  or  it  may  be  slightly  bent  towards  the  point  of  the 
cone,  but  otherwise  straight  (as  in  O.  U7iguis).  In  the  smaller  forms, 
the  initial  chamber,  with  its  cicatrix,  is  sometimes  preserved. 

The  oldest  known  species  of  Orthoceras  appears  in  the  Upper 
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Cambrian  (Upper  Tremadoc  beds  of  Wales),  and  very  numerous 
forms  of  the  genus  have  been  recorded  from  the  Ordovician  rocks. 
The  genus  attains  its  maximum  in  the  Silurian,  more  than  five 
hundred  species  having  been  described  by  Barrande  from  rocks  of 
this  age  in  Bohemia.  In  the  Devonian  and  Carboniferous  rocks  a 
great  reduction  in  the  number  of  species  takes  place  ;  a  few  Permian 


Fig.  747.— a,  A  broken  specimen  of 
Orthoceras  orttatmn,  of  the  natural  size, 
from  the  Silurian  rocks  of  Gotland  ;  b, 
Transverse  section  of  the  shell,  showing 
the  position  of  the  siphuncle  ;  c.  Portion 
of  the  surface,  enlarged.   (After  Foord.) 


Fig.  748.— a.  Cast  of  the  shell 
Orthoceras  Hisingeri,  from  the 
Silurian  rocks  of  Gotland,  of  the 
natural  size  ;  b,  Transverse  section 
of  the  shell,  showing  the  siphuncle ; 
c,  Portion  of  the  surface,  enlarged. 
(After  Foord.) 


types  are  known  ;  and  the  last  representatives  of  the  genus  are  found 
in  the  Alpine  Trias. 

Family  2.  Endoceratid^. — In  this  family  the  shell  is  straight 
or  slightly  curved  ;  the  siphuncle  is  marginal  or  sub-marginal,  of 
large  size  ;  and  the  septal  necks  are  invaginated  so  as  to  form  a  wide 
tube  within  which  the  siphuncle  is  contained. 
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The  type-genus  of  this  family  is  Endoceras,  in  which  the  shell  is 
straight  and  resembles  that  of  Orthoceras  in  form.  The  septal  necks 
(fig.  749,  sp)  are  prolonged  backwards  to  such  an  extent  that  each 
becomes  inserted  into  the  mouth  of  the  neck  of  the  septum  next 
behind,  thus  forming  a  complete  and  wide  tube  which  encloses  the 
siphuncle.  This  siphuncular  tube  is  marginal  or  sub-marginal,  and 
may  attain  a  diameter  of  one-half  of  that  of  the  shell.  The  siphun- 
cular tube  is  provided  internally  with  a  series  of  funnel-shaped 
sheaths  (fig.  749,  sh\  which  are  not  very  numerous,  and  occur  at 
irregular  intervals.  These  were  termed  by  Hall  "  embryo-sheaths," 
upon  the  belief  that  they  were  connected  with  reproduction;  but 


sh 


Fig.  749. — A,  Transverse  section  of  the  shell  of  Endoceras  ;  B,  Vertical  section  of  part  of  the 
shell  of  Endoceras  IVahlenbergi,  from  the  Ordovician  rocks  of  Sweden  (after  Foord) :  s.  Cavity 
of  the  siphuncle;  sp.  One  of  the  "septal  necks";  sh.  One  of  the  siphuncular  sheaths;  en, 
Endosiphon. 


their  true  nature  is  not  absolutely  certain.  In  well-preserved  ex- 
amples, the  great  siphuncular  space  contains  in  its  interior  a  cylin- 
drical slender  tube  or  "  endosiphon  "  (fig.  749,  b,  en),  which  probably 
represents  the  calcified  wall  of  the  proper  siphuncle.  With  the 
doubtful  exception  of  one  Silurian  species  {E.  ?  Ommaneyi)  the  genus 
Endoceras  is  confined  to  the  Ordovician  rocks.  Endocei-as  Wahlen- 
bergi  (the  E.  duplex  of  many  writers)  is  abundant  in  the  Ordovician 
deposits  of  Scandinavia  and  Russia,  and  sometimes  attains  a  length 
of  six  feet  or  more.  Casts  of  the  great  siphuncular  tube  are  not 
uncommon,  and  have  the  form  of  cylinders  marked  with  oblique 
annulations. 

In  the  genus  Piloceras  the  shell  is  more  or  less  broadly  conical. 
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slightly  curved,  with  a  large  marginal  siphuncular  tube  formed  by 
the  prolongation  and  conjunction  of  the  septal  necks  and  provided 
internally  with  one  or  more  funnel-shaped  sheaths,  which  are  united 
at  the  top  with  its  margin.  "These  sheaths  apparently  communi- 
cated with  one  another  by  means  of  the  endosiphon,  which  passed 
from  the  initial  chamber  into  the  siphun- 
cular cavity  by  means  of  a  large  foramen, 
situated  on  the  inner  curvature  of  the 
siphuncle  a  little  above  the  apical  point" 
(Foord).  The  species  of  Piloceras  are  con- 
fined to  the  summit  of  the  Cambrian  and 
the  base  of  the  Ordovician  deposits  (the 
Durness  Limestone  of  Britain  and  the  Cal- 
ciferous  formation  and  Quebec  group  of 
North  America). 

The  genus  Cyrtocerina  (fig.  75°),  of  the  0rd?;il^:n"?QtbeT g^^;"' 
Lower  Ordovician  rocks  (Quebec  Group)  of  Canada.  (After  Biiimgs.) 
Canada,  is  perhaps  allied  to  Piloceras.  In 

this  type,  the  shell  is  broadly  conical  and  is  curved,  and  there  exists 
on  the  concave  side  of  the  shell  a  wide  marginal  siphuncular  tube. 

Family  3.  AcTiNOCERATiDiE. — In  this  family  the  shell  is  straight 
or  slightly  curved,  and  the  siphuncle  is  of  large  size  and  is  composed 


Fig.  751. — Weathered  fragment  of  Actin- 
oceras  Bigsbyi,  of  the  natural  size,  from  the 
Ordovician  rocks  of  Lake  Huron,  s.  Septa  ; 
en,  Endosiphon,  with  some  of  its  tubuli  {i). 
(After  Foord.) 


Fig.  752. — Frri,_  Ictinocsras  Bigs- 

byi,  from  the  Ordovician  rocks  of  Kentucky, 
of  the  natural  size.  J,  One  of  the  septa  ;  /, 
Foramina  in  the  siphuncle  by  which  the 
tubuli  thrown  out  by  the  endosiphon  may 
have  communicated  with  the  septal  cham- 
bers.   (After  Foord.) 


of  nummuloid  segments  or  discs,  its  internal  cavity  being  more  or 
less  extensively  contracted  by  the  development  of  "obstruction-rings." 
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The  type  of  this  family  is  the  genus  Actinoceras  {?ig5.  -j^i  and 
752),  in  which  the  shell  is  elongate-conical,  and  often  of  large  size. 
The  siphuncle  is  very  large,  its  diameter  sometimes  equalling  half 
that  of  the  shell;  and  it  is  greatly  inflated  between  the  septa,  so  that  it 
comes  to  present  a  series  of  segments  of  a  compressed-globular  form. 
In  the  centre  of  the  main  siphuncular  tube  is  a  cylindrical  "  endo- 
siphon"  (fig.  751,  en),  and  the  space  between  this  and  the  wall  of 
the  former  is  largely  occupied  by  secondary  calcareous  deposits 
("  obstruction -rings")  developed  at  the  "necks"  of  the  septa. 
"  The  endosiphon  is  provided  with  a  distinct  wall,  and  gives  off  at 
regular  intervals  between  the  septa  a  number  of  radiating  canals  or 
tubuli  (fig.  751,  /),  which  apparently  penetrate  the  shelly  covering  or 
wall  of  the  siphuncle  "  (Foord).  The  foramina  by  which  these  tubuli 
open  externally  form  a  ring  round  each  segment  of  the  siphuncle 
(fig-  752,/),  and  they  may  perhaps  have  served  to  transmit  blood- 
vessels to  the  lining-membrane  of  the  air-chambers.    The  genus 

Actinoceras  ranges  from  the  base  of  the 
Ordovician  (Upper  Cambrian  ?)  to  the 
Carboniferous  limestone,  the  A.  gigan- 
teum  of  this  latter  formation  attaining 
a  length  of  from  four  to  six  feet. 

Allied  to  Actifioceras  are  the  genera 
Discosonis,  Huronia,  and  Sactoceras, 
all  of  which  are  confined  to  the  Silurian 
rocks. 

Family  4.  GoMPHOCERAXiDiE.  —  In 
this  family  the  shell  may  be  approxi- 
mately straight  or  more  or  less  exten- 
sively curved,  and  the  aperture  of  the 
shell  is  contracted  and  T-shaped  (fig. 
745).  The  principal  genus  in  this 
family  is  Goinphoceras,  with  which  may 
be  included  the  forms  usually  spoken 
of  as  Phragmoceras. 

In  the  most  typical  forms  of  Gom- 
Barr'ande.)     '  phoceros  (fig.  753)  the  shell  is  approxi- 

mately straight,  or  is  very  slightly 
curved,  and  the  ventral  side  is  always  more  convex  than  the  dorsal, 
the  shell  being  thus  "  exogastric ";  while  the  siphuncle  is  situated 
towards  the  convex  or  ventral  aspect.  The  aperture  of  the  shell 
(fig.  745)  is  T-shaped ;  and  the  transverse  orifice,  corresponding 
with  the  head,  may  be  widely  expanded  or  may  be  contracted 
in  the  middle.  The  siphuncle  is  commonly  subcentral,  the  septa 
are  simply  curved,  and  the  body-chamber  is  of  large  size.  The 
name  of  Phragmoceras  has  been  given  to  forms  of  Got/iphoceras  in 


Fig.   753. — Goinphoceras  Boheiiii- 
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which  the  shell  (fig.  754)  is  more  or  less  curved,  the  dorsal  side 
being  convex  and  the  ventral  side  concave,  and  the  shell  being  thus 
"  endogastric ; "  while  the  siphuncle  runs  on  the  ventral  aspect.  The 
form  of  the  aperture  is  not  affected  by  this  reversal  of  the  curva- 
ture of  the  shell,  except  that  the  smaller  opening  of  the  T-shaped 
mouth,  corresponding  with  the  funnel  of  the  animal,  is  now  turned 
towards  the  concave  side  of  the  shell. 

The  genus  Gomphoceras  (including  Phragmoceras)  has  been  stated 
to  range  from  the  Ordovician  to  the  Carboniferous  ;  but,  according 
to  Foord,  the  pre-Silurian  and  post-Silurian  types  referred  to  this 
genus  are  of  doubtful  affinities,  or  are  certainly  known  to  be  refer- 


Fig.  754. — Gomphoceras  {Phragmoceras)  ventricosum.    Silurian.    The  right-hand 
figure  shows  the  form  of  the  aperture. 


able  to  other  genera.  The  genus  is  therefore  restricted,  so  far  as 
clearly  ascertained,  to  the  Silurian  period. 

Family  5.  AscocERATiDi^:. — In  this  family  the  shell,  when  fully 
grown,  is  sac-like  and  truncated  below,  the  body-chamber  occupying 
most  of  the  ventral  side,  while  the  last  few  septa  are  specially  modi- 
fied.   The  aperture  may  be  simple  or  contracted. 

The  type  of  this  family  is  the  genus  Ascoceras  (fig.  755),  which  is 
defined  by  Foord  as  follows  :  "  The  shell  is  of  a  sac-like  form, 
essentially  straight,  but  always  more  convex  on  the  ventral  than  on 
the  dorsal  side.  The  apex  is  unknown,  the  shell  being  always 
truncated.  The  transverse  section  may  be  elliptical  or  circular. 
The  body-chamber  occupies  nearly  the  whole  length  of  the  shell  on 
the  ventral  side,  and  contracts  into  a  neck-like  prolongation  towards 
the  aperture,  which  is  simple.  The  last  few  septa  are  abnormal ; 
they  have  the  usual  shape  and  position  on  the  ventral  side  of  the 
shell,  but  on  the  dorsal  side  they  coalesce,  and  sweeping  upwards 
in  a  sigmoid  curve  (as  seen  in  section,  fig.  755,  a)  form  a  series  of 
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vaulted  chambers,  convex  towards  the  aperture,  and  encroaching 
considerably  upon  the  body-chamber.  This  extraordinary  confor 
niation  of  the  septa  on  the  dorsal  side  was  doubtless  caused  by  the 
shrmkmg  of  the  animal  in  its  shell  on  that  side ;  whereby  a  cavity 
was  created  between  the  shell-wall  and  the  mollusc,  and  then  parti- 
tioned off  m  the  manner  above  described.  The  short  siphuncle  is 
submarginal  and  near  the  ventral  or  convex  border  of  the  shell ;  it 
diminishes  rapidly  in  size  towards  the  body-chamber.    The  test  is 


F ig.  755- — Ascoceras  Bohemicutn,  Silurian,  Bohemia,  a.  Longitudinal  section,  showing  the 
septa  (j  s)  and  siphuncle  {si) ;  b.  Ventral  aspect  of  the  cast  of  the  shell,  showing  the  reduction  in 
size  of  the  body-chamber  caused  by  the  encroachment  of  the  septa;  c.  Dorsal  view  of  the  same 
specimen  ;  d.  Body-chamber,  without  the  air-chambers  ;  e.  Transverse  section  taken  in  the  centre 
of  the  fossil ;_/;  Truncated  posterior  extremity,  showing  the  position  of  the  siphuncle  {si);  g, 
Anterior  extremity,  showing  the  simple  form  of  the  aperture  .{ap).  The  letters  v  and  d'  indicate 
the  ventral  and  dorsal  sides  respectively.    (After  Barrande.) 


relatively  thick  considering  the  size  of  the  shell ;  its  ornaments  may 
consist  of  transverse  lines  or  of  annulations." 

By  the  researches  of  Lindstrom  it  has  recently  been  proved  that 
Ascoceras  begins  in  the  form  of  an  Orthoceras,  having  a  cylindrical 
shell,  with  remote,  simply  curved  septa,  and  a  slender  tubular 
siphuncle,  and  that  the  sac-like  shell  above  described  is  only  the 
final  portion  of  the  structure.  When  the  organism  has  attained  its 
full  growth,  and  has  formed  the  inflated  Ascoceras-sii&W,  the  older, 
Orthoceratoid  portion  becomes  decollated  or  cast  off.  It  is,  there- 
fore, a  matter  of  extreme  rarity  to  find  a  complete  specimen  of 
Ascoceras,  exhibiting  both  the  older  and  later  portions  of  the  shell. 
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The  species  of  Ascoceras  are  found  in  the  Silurian  rocks  in  Europe, 
and  in  the  Ordovician  rocks  in  North  America.  The  Silurian  genus 
G/ossoceras  resembles  Ascoceras  in  general  structure,  but  the  aper- 
ture is  contracted  and  lobed.  The  name  of  Ap/iragmt^es,^g^m,is 
given  to  forms  in  which  the  peculiar  arched  septa  at  the  side  ot  the 
body-chamber  are  absent,  the  shell  otherwise  resembling  Ascoceras. 

Family  6.  Poterioceratid^.— The  principal  genus  included  in 
this  family  is  Poterioceras,  in  which  the  shell  is  fusiform  in  shape, 
inflated  in  the  central  portion  of  its  length,  contracted  towards  the 
aperture,  and  very  slender  in  its  apical  portion.  The  siphuncle  is 
subcentral  or  marginal,  and  is  inflated  between  the  septa.  The 
shell  has  a  general  resemblance  to  Gomphoceras,  but  the  aperture 
is  simple.  The  species  of  Poterioceras  range  from  the  Ordovician 
to  the  Carboniferous. 

Family  7.  CYRTOCERAXiDiE. — This  family  includes  only  the  genus 
Cyrtoceras,  in  which  the  shell  (fig.  7  5  6)  is  more  or  less  curved,  but 


does  not  form  a  complete  volution,  and  the  body-chamber  is  of 
large  size.  The  septa  are  simple,  concave  forwards,  and  the 
siphuncle  may  be  internal,  external,  or  subcentral  in  position,  and 
may  be  cylindrical  or  beaded.  The  shell  is  conical,  or  sometimes 
subcylindrical  in  form,  some  species  being  of  the  "  brevicone  "  type, 
while  others  are  "longicone."    The  genus  Cyrtoceras  ranges  from 
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the  Cambrian  to  the  Carboniferous,  and  attains  its  maximum  in  the 
bilunan  period,  more  than  three  hundred  species  having  been  de- 
scribed by  Barrande  from  the  Silurian  deposits  of  Bohemia  alone 

Family  8.  Lituitid^.— The  shell  (fig.  757)  in  this  family  has 
Its  earlier  portion  coiled  into  a  fiat  spiral,  while  the  later  portion, 

including  the  whole  or  the  greater  part 
of  the  body-chamber,  is  produced  in  a 
straight  line.  The  volutions  of  the 
spiral  part  of  the  shell  may  or  may 
not  be  in  contact,  and  the  siphuncle 
is  subcentral  or  internal.  The  septa 
are  simple  and  concave,  and  the  sur- 
face is  transversely  striated  or  ribbed. 

In  Lituites  itself  the  uncoiled  por- 
tion of  the  shell  is  very  long,  and  the 
aperture  is  contracted,  with  a  deep 

Fig.  .^.^Lituites  cor,.u.aneHs.      "[^"^^^^  f         ^he  genus  is  found  in 
Ordovician.  the  Ordovician  and   Silurian  rocks. 

The  Silurian  genus  Ophidioceras  re- 
sembles Lituites  in  most  respects,  but  the  disjunct  portion  of  the 
shell  is  short,  and  contains  a  portion  only  of  the  body-chamber. 
Lastly,  in  the  genus  JJiscoceras,  also  from  the  Silurian,  the  terminal 
and  produced  portion  of  the  shell  is  short,  but  the  aperture  differs 
from  that  of  Ophidioceras  in  being  simple. 

Family  9.  Trochoceratid^. — In  this  family  the  shell  is  rolled 
up  into  a  spiral,  the  coils  of  which  do  not  lie  in  a  single  plane.  In 
Trochoceras  the  shell  is  unsymmetrically  coiled,  and  the  last  volu- 
tion may  be  partially  disjunct.  The  septa  are  concave,  and  the 
siphuncle  is  usually  placed  between  the  centre  and  the  convex  ex- 
ternal margin;  while  the  aperture  is  simple.  The  genus  ranges 
from  the  Ordovician  to  the  Devonian,  but  the  great  majority  of  the 
species  are  Silurian.  The  Silurian  Adelphoceras  differs  from  Trocho- 
ceras in  having  a  contracted  aperture  to  the  shell. 

Family  10.  Nautilid^. — In  this  family  the  shell  is  spirally  in- 
rolled,  the  coils  lying  in  one  plane,  and  the  aperture  being  simple 
or  contracted.  Of  the  numerous  generic  types  included  in  this 
family,  the  following  are  the  most  important : — 

In  the  Ordovician  genus  Trocholites  the  shell  is  discoidal  and 
umbilicated,  and  the  septa  are  concave,  the  suture -lines  being 
simple  or  feebly  lobed.  The  siphuncle  is  sub-marginal,  placed 
towards  the  internal  side,  and  the  septal  "  necks "  are  long,  and 
reach  from  one  septum  to  the  next. 

In  Gyroceras  (fig.  758)  the  shell  is  in  the  form  of  a  flat  spiral,  the 
coils  of  which  are  not  in  contact  with  one  another.  The  aperture 
is  simple,  with  a  ventral  and  dorsal  sinus ;  the  sutures  are  simple ; 
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the  siphuncle  is  variable  in  position,  but  is  usually  placed  between 
the  centre  and  the  convex  side]  and  the  surface  is  commonly 
adorned  with  tubercles  or  ribs.  The 
genus  ranges  from  the  Silurian  to  the 
Carboniferous. 

In  Hercoceras  the  shell  is  discoidal, 
with  contiguous  whorls  and  a  wide  um- 
bilicus. The  aperture  is  contracted  ;  the 
sutures  are  simple  \  the  siphuncle  is  sub- 
marginal  and  external ;  and  the  surface 
is  adorned  with  transverse  strise  or  a 
row  of  projecting  tubercles.  The  two 
known  species  are  Silurian. 

In  the  genus  Nautihis  itself  (fig. 
759)  the  shell  is  involute  or  discoidal, 
consisting  of  a  few  whorls  coiled  into 

a  flat  spiral,  the  volutions  being  in  contact,  and  the  last  turn  of 
the  shell  commonly  more  or  less  concealing  the  previous  ones.  In 
the  young  condition  of  the  shell  a  central  vacuity  exists  behind  the 
conical  initial  chamber ;  but  in  the  typical  forms  of  the  genus  this 
becomes  ultimately  filled  up  by  a  secondary  deposit  of  shell,  or 
becomes  concealed  by  the  later  volutions.  The  body-chamber  is 
capacious,  and  the  aperture  is  simple  and  has  a  ventral  sinus.  The 


Fig.  758. — Gyroceras  omaium. 
Devonian. 


J'  'g-  759- — Nautilus  DanicHS.    Upper  Cretaceous. 


septa  are  concave  forwards,  and  the  suture-lines  are  simple  or  may 
show  a  slight  ventral  or  dorsal  "  lobe."  The  siphuncle  is  subcen- 
tral  in  position,  or  may  be  placed  between  the  centre  and  either 
the  ventral  or  the  dorsal  margin,  and  it  is  never  contracted  by 
internal  deposits ;  while  the  septal  "  necks "  are  always  short. 
The  surface  may  be  quite  smooth  {Lavigati\  or  adorned  with 
transverse  striae  (Striati),  or  with  markedly  distinct  ribs  {Radiaii). 
The  genus  Nautilus  has  been  split  up  into  a  number  of  minor 
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Fig.  760. — Nautilus  {Vesiinauiiliis)  Koninckii. 
Carboniferous. 


groups,  to  some  of  which  a  generic  value  is  now  usually  attached. 
Using  the  name  in  the  wide  sense  in  which  it  has  been  commonly 
employed,  the  genus  may  be  said  to  range  from  the  Ordovician  to 

the  present  day;  but  the 
older  types  are  almost  cer- 
tainly not  congeneric  with 
those  of  later  periods. 

The  name  of  Discites  is 
given  to  forms  generally  in- 
cluded in  the  comprehensive 
genus  Nautilus,  in  which 
the  shell  is  widely  umbili- 
cated,  with  a  persistent  cen- 
tral vacuity;  the  volutions 
being  four -sided,  and  the 
septa  showing  a  deep  ventral  lobe.  The  forms  of  this  type  are 
Carboniferous.  Temnocheilus  (Devonian  to  Trias)  and  Treifiato- 
discus  (Carboniferous)  likewise  include  widely  umbilicated  Nautili, 
in  which  the  centre  is  perforated.  A  similar  condition  of  parts 
exists  in  Vestinautilus  (fig.  760),  but  in  this 
type  the  whorls  are  trapezoidal  in  section  and 
are  very  wide  towards  the  aperture.  The 
outer  side  of  the  shell  is  strongly  keeled  with 
lateral  longitudinal  ribs  separated  by  a  dorsal 
furrow.  The  genus  is  confined  to  the  Carbon- 
iferous rocks. 

Lastly,  in  Aturia  the  shell  is  involute  and 
destitute  of  an  umbilicus ;  and  the  sutures  are 
strongly  bent  in  a  zigzag  manner,  with  a  deep 
lateral  "lobe."  The  siphuncle  is  marginal  and 
is  placed  on  the  internal  side  of  the  shell,  the 
septal  "necks"  (fig.  743,  si)  being  very  long 
and  being  invaginated  in  such  a  manner  as 
to  form  a  complete  siphuncular  investment. 
The  known  species  of  Aturia  are  found  in  the 
Eocene  and  Miocene  deposits. 

Family  ii.  BACXRixiDiE.  —  This  family  in- 
^zT^\A°fter'slnd'be"gei  ^ludes  Only  the  genus  Badrites  (fig.  761),  in 
—copied  from  zittei.)  which  the  sliell  is  Straight  and  conical,  with  a 
circular  or  elliptical  section,  resembling  that  of 
Orthoceras  in  form.  The  siphuncle  is  delicate  and  marginal  in 
position  ;  and  the  septal  necks  are  long  and  funnel-shaped.  The 
sutures  are  undulated,  with  a  backwardly-directed  sinus  correspond- 
ing with  the  siphuncle.  Owing  to  the  characters  of  the  suture- 
lines,  the  genus  Badrites  has  been  regarded  as  related  to  the 


Fig.  761. — Bactrites 
clegans,  Devonian,  Ger 
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Goniatites,  and  as  representing  an  ancient  type  of  the  Ammonoids, 
but  it  is  now  generally  placed  among  the  Nautiloids.  The  species 
of  the  genus  are  Silurian  and  Devonian. 

Prosiphonate  Nautiloids. 

All  the  groups  of  the  Nautiloids  which  have  been  previously 
considered  are  "  retrosiphonate,"  having  the  septal  necks  directed 
backwards.  On  the  other  hand,  the  genera  Nothoceras  and  Bath- 
nioceras  are  "prosiphonate,"  the  septal  necks  being  directed 
towards  the  aperture  of  the  shell.  The  genus  Bath?tioceras  is 
Ordovician,  and  is  characterised  by  the  possession  of  a  straight 
cylindro-conical  shell,  the  septate  portion  of  which  is  always  trun- 
cated. The  aperture  is  simple,  and  the  siphuncle  is  marginal,  and 
is  ensheathed  by  numerous  short  invaginated  funnels  derived  from 
the  closely-set  septa.  In  the  Silurian  genus  Nothoceras  the  shell 
is  nautiloid  and  widely  umbilicated ;  the  sutures  are  simple  and 
concave ;  the  siphuncle  is  ventral  in  position ;  and  the  septal  necks 
are  short  and  are  directed  forwards. 
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CHAPTER  XLIII. 

TETRABRANCHIATE  CEPHALOPODS—contijiued. 
Sub-Order  II.  Ammonoidea. 

In  this  division  of  the  Tetrabranchiate  Cephalopods,  the  shell  is 
usually  rolled  up  into  a  spiral  disc,  but  may  be  turreted,  straight, 
hook-like,  &c.  The  aperture  may  be  simple,  or  may  be  furnished 
with  lateral  and  ventral  processes.  The  siphuncle  is  slender,  cylin- 
drical, marginal  in  position,  and  never  contracted  internally  by 
shelly  deposits.  The  septal  "  necks  "  are  generally  directed  forwards, 
though  in  some  forms  \e.g.,  Goniatitidce)  the  reverse  of  this  obtains. 
The  septa  are  more  or  less  folded  or  lobed,  and  the  sutures  are 
waved,  angulated,  or  bent  into  "  lobes  "  and  "  saddles."  The  struc- 
tures known  as  the  "  Aptychus  "  and  "  Anaptychus  "  are  commonly 
present.    Lastly,  the  shell  commences  with  a  globular  or  inflated 

"  protoconch,"  which  is  more  or  less 
clearly  constricted  off  from  the  first 
septal  chamber  (fig.  744,  d — g). 

The  general  structure  of  the  shell 
and  its  mode  of  development  have  been 
already  treated  of  (see  p.  829  and  p. 
832);  but  there  are  some  special 
features  in  the  shell  of  the  Ammonoidea, 
as  compared  with  that  of  the  Nautil- 
oidea,  which  require  consideration  here. 

The  body-chamber  of  the  Atnmonoidea 
is  of  variable  size,  but  in  a  number  of 
forms  it  is  remarkable  for  its  great 
length  as  compared  with  its  diameter 
(fig.  762),  this  implying  that  the  body 
of  the  animal  was  very  long  and  nar- 
row. In  some  cases,  indeed,  the  body-chamber  may  occupy  an 
entire  volution  of  the  shell,  or  even  a  volution  and  a  half 


Fig.  762. — Section  of  Arictites 
obtusus,  from  the  Lias,  showing  the 
long  body-chamber. 
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Fig.  763. — Stephanoceras  Brackcnridgii,  viewed  laterally 
and  in  front,  showing  the  extensions  of  the  margin  of  the 
aperture.  Jurassic 


The  aperture  of  the  shell  in  the  Ammonoids  is  commonly  fur- 
nished with  lateral  extensions  or  "  ears,"  while  its  ventral  or  external 
side  may  be  prolonged  into  a  long  pointed  process  or  lobe.  In  this 
way  a  kind  of  cowl  is 
sometimes  formed  above 
the  aperture,  and  the 
width  of  the  opening 
may  be  considerably 
contracted  by  the  in- 
ward bending  of  these 
lobes  (fig.  763).  In  the 
Goniatitidce  and  Clyiiie- 
niidce  the  aperture  re- 
sembles that  of  Nautilus 
in  being  simple,  with  a 
ventral  sinus.  In  many 
cases  the  shell  exhibits 
at   intervals  transverse 

ridges  or  contractions  ("varices"),  which  represent  the  periodically 
formed  mouths  of  the  shell. 

The  ventral  and  dorsal  sides  of  the  shell  of  the  Ammonoids 
cannot  be  always  determined  with  certainty.  There  are,  however, 
strong  grounds  for  considering 
the  external  or  convex  side  of 
the  bent  shells  to  be  ventral,' 
while  the  concave  or  internal  side 
is  dorsal. 

The  siphuncle  in  the  Ammon- 
oids is  always  cylindrical,  and  is 
never  furnished  internally  with 
secondary  calcareous  structures  re- 
sembling the  "  obstruction-rings  " 
of  many  Nautiloids.  Usually  the 
sheath  of  the  siphuncle  is  calci- 
fied, so  that  a  continuous  shelly 
tube  is  produced.  The  siphuncle 
commences  by  an  inflated  por- 
tion (fig.  764,  a\  which  indents 
the  protoconch  (pr)  on  one  side  ; 
and  it  is,  to  begin  with,  either 
internal  or  central  in  position. 
In  the  majority  of  the  Ammonoids  the  siphuncle  ultimately  comes 
to  be  placed  on  the  external  margin  of  the  shell  (fig.  764,  si),  but 
in  the  Clymeniidce.  it  remains  internal.  The  septal  "  necks  "  of  the 
Ammonoids  are  variable  in  their  development,  as  also  in  position. 

VOL.  I.  •  3  H 


Fig.  764. — Section  of  Aiiiiiioititcs  (Cosmo- 
ceras)  Parkmsoni,  in  the  mesial  plane,  show- 
ing the  "prosiphon"  (/>),  the  siphuncle  (,«) 
with  its  dilated  commencement  (a),  and  the 
protoconch  (/r).    (After  Munier-Chalmas.) 
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In  most  cases  the  shell  is  "  prosiphonate,"  the  septal  necks  being 
directed  forwards,  and  being  at  the  same  time  usually  feebly  devel- 
oped. In  the  ClymeniidcE.  and  Goniatitida.  the  shell  is  "retrosi- 
phonate,"  the  septal  necks  being  directed  backwards;  and  in  the 
former  family  these  structures  are  so  largely  developed  that  they 
extend  from  one  septum  to  the  next  behind. 

The  septa  of  the  first-formed  chambers  of  the  shell  of  the  Ammo- 
noids  are  simply  curved,  or  may  be  more  or  less  bent,  whereas  in 
the  adult  portion  of  the  shell  they  are  always  undulated  or  folded, 
the  degree  to  which  this  takes  place  varying  in  different  types.  In 
the  more  specialised  forms  of  the  Ammonoids  the  septa  "  are  nearly 
flat  in  the  middle,  and  folded  round  the  edge  (like  a  shirt-frill)  where 
they  abut  against  the  outer  shell-wall "  (Woodward).  The  result  of 
this  is  that  the  "  sutures,"  or  edges  of  the  septa,  appear  on  the  sur- 


Fig.  765. — One-half  of  the  suture  of  Ammoniies  {Amaliheus)  Truellei  ;  D,  Si  phonal  or  ven- 
tral lobe,  traversed  by  the  siphuncle  {x) ;  l,  Superior-lateral  lobe  ;  e,  Inferior-lateral  lobe  ;  A^, 
a2,  a**,  a*,  Auxiliary  lobes  ;  s  D,  External  saddle ;  s  L,  Lateral  saddle  ;  si,  s^,  s^,  S'*,  Auxiliary 
saddles. 

face  of  the  shell  in  the  form  of  angulated,  lobed,  or  foliaceous  lines 
(fig-  765)- 

The  angulated  or  digitated  portions  of  the  suture  which  are 
directed  backwards,  away  from  the  mouth  of  the  shell,  are  called 
the  "  lobes."  The  elevations  between  the  "  lobes,"  which  point  to- 
wards the  aperture  of  the  shell,  are  called  the  "saddles."  These 
parts  (fig.  765),  as  seen  in  one  of  the  spirally-coiled  Ammonoids, 
have  the  following  arrangement :  In  the  middle  of  the  convex  or 
ventral  side  of  the  shell  is  a  single  unpaired  lobe,  which  is  traversed 
mesially  by  the  siphuncle,  and  is  termed  the  "external,"  "ventral," 
or  "  siphonal "  lobe  (d).  The  lobe  on  each  side  of  this  (l)  is  known 
as  the  "  superior-lateral  lobe."  The  lobe  on  each  side  next  to  this 
again  (e)  is  the  so-called  "inferior-lateral  lobe";  and  the  lobes  which 
follow  this  (of  a  variable  number)  are  distinguished  as  the  "  auxiliary 
lobes  "  (a\  a^  a^,  a*).  Lastly,  there  is  a  second  unpaired  lobe  im- 
mediately opposite  to  the  ventral  lobe,  placed  upon  the  concave  side 
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of  the  shell,  and  known  as  the  "  internal,"  "dorsal,"  " antisiphonal," 
or  "  columellar  "  lobe.  The  "  saddles"  are  similarly  subdivided  and 
distinguished.  Between  the  ventral  and  superior-lateral  lobes  comes 
the  "  external  saddle "  (s  d).  Next  to  this,  between  the  superior- 
lateral  and  inferior-lateral  lobes,  is  placed  the  first  "  lateral  saddle  " 
(s  l),  followed  on  each  side  by  a  variable  number  of  "  auxiliary,  sad- 
dles "  {s\  s%  s^  s*). 

Associated  with  various  forms  of  Ammonoids,  sometimes  situated 
within  the  body-chamber  of  the  shell,  or  at  other  times  wholly 
detached,  are  found  the  peculiar  bodies  to  which  the  name  of 
"Aptychi"  has  been  applied.    A  typical  Aptychus  (figs.  766,  767) 


consists  of  two  bilaterally  symmetrical  halves,  which  are  somewhat 
semicircular  in  shape,  and  are  apposed  to  one  another  by  their 
straight  inner  margins,  which  are  destitute  of  teeth.  In  some  cases 
the  Aptychus  is  thin  and  horny,  but  it  is  usually  more  or  less  exten- 
sively calcified,  and  its  thickness  is  sometimes  considerable.  In  the 
thick  shelly  types,  the  principal  layer  of  the  Aptychus  has  a  peculiar 
cellular  structure.  The  surface  may  be  smooth  or  variously  sculp- 
tured, and  the  inner  face  is  commonly  marked  by  concentric  lines 
of  growth.  In  the  bodies  to  which  the  name  of  Synaptychus  has  been 
given,  the  general  structure  is  similar  to  that  of  Aptychus,  but  the 
two  halves  of  the  structure  are  fused  in  the  middle  line.  Bodies  of 
this  t5T)e  have  been  found  in  the  body-chamber  of  species  of  Sca- 
phites.  In  Anaptychus,  again,  the  structure  is  a  thin,  apparently 
horny,  undivided  plate,  which  is  concentrically  striated.  Bodies  of 
this  nature  have  been  found  in  association  with  certain  forms  of 
Ammonites  and  Goniatites.    Some  of  the  fossils  which  have  been 


Fig.  766. — Aptychus  (Trigonellites) 
Inmellosus.  Jurassic.  (After  Wood- 
ward.) 


Fig.  767.  —  A  ptyclms  carinaUis, 
within  the  body-chamber  of  an  Am- 
monite. 
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described  as  the  cephalic  bucklers  of  Phyllocaridan  Crustaceans 
(such  as  some  of  the  forms  referred  to  Cardiocaris  and  Spathiocaris) 
are  in  reality  the  "  Aptychi "  of  Goniatites.  Many  theories  have 
been  held  as  to  the  nature  of  the  "  Aptychi "  of  the  Ammonoids, 
but  there  are  only  two  views  which  can  be  regarded  as  at  all  prob- 
able. On  one  of  these  views,  the  Aptychi  are  to  be  regarded  as 
protective  plates  developed  in  the  walls  of  the  nidamental  gland,  in 
which  case  all  examples  of  Ammonites  possessing  these  structures 
are  necessarily  females.  The  more  probable  theory,  however,  is 
that  put  forward  by  Sir  Richard  Owen — viz.,  that  the  Aptychus  is 
formed  by  the  deposition  of  horny  matter  or  lime  within  a  structure 
corresponding  to  the  "  hood  "  of  the  existing  Pearly  Nautilus.  On 
this  view  the  Aptychus  would  act  as  an  operculum,  when  the  animal 
was  withdrawn  within  the  shell.  In  those  Ammonoids  which  are 
devoid  of  Aptychi  it  must  be  supposed  that  the  "  hood  "  remained 
permanently  uncalcified,  as  it  does  in  the  Pearly  Nautilus. 

As  regards  their  zoological  affinities,  the  Ammonoids  have  been 
generally  regarded  as  belonging  to  the  Tetrabranchiate  division  of 
the  Cephalopoda,  in  which  case  the  shell,  like  that  of  the  Pearly 
Nautilus,  must  have  been  external.  It  has,  however,  been  also 
held  that  the  Ammonoids  are  really  referable  to  the  Dibranchiate 
division  of  the  Cephalopods,  in  which  case  the  shell,  like  that  of 
the  existing  Spirula,  must  have  been  internal.  The  grounds  for 
this  view  are  chiefly  derived  from  the  mode  of  development  of  the 
shell  of  the  Ammonoids,  which  resembles  that  observed  in  Spirula 
— the  protoconch  being  in  each  case  inflated  and  destitute  of  a 
cicatrix,  while  a  "  prosiphon  "  is  present.  The  "  Aptychi "  of  the 
Ammonoids  have  also  been  compared  to  the  "  nuchal  cartilages " 
of  the  Cuttle-fishes.  Upon  the  whole,  however,  the  balance  of 
evidence  is  in  favour  of  the  reference  of  the  Ammonoids  to  the 
Tetrabranchiata — the  groups  of  the  Clymeniidce  and  Goniatitidce 
affording  a  transition  between  the  two  great  sections  of  the  Am- 
monoidea  and  Nautiloidea. 

As  regards  the  general  distribution  in  time  of  the  Ammonoidea, 
the  most  ancient  types  of  the  group  belong  to  the  genus  Goniatites, 
in  the  wide  sense  of  this  name,  and  are  found  in  the  highest  Silurian 
and  the  lowest  Devonian  deposits.  The  genus  Clymenia,  which, 
like  Goniatites,  is  comparatively  simple  in  morphological  type,  is 
also  found  in  Devonian  strata.  The  earliest  forms  of  the  "  Am- 
monites "  are  found  in  the  Permo-Carboniferous  rocks  of  India,  but 
in  other  regions  the  earliest  representatives  of  this  great  section 
of  the  Ammonoids  appear  in  the  Trias.  In  the  Mesozoic  period 
the  Ammonoids  undergo  a  vast  development,  the  principal  and 
most  widely  distributed  type  being  that  of  the  "  Ammonites." 
In  the  Cretaceous   rocks,  however,  numerous   new  and  varied 
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generic  types  are  found,  such  as  Bamlites,  Ilamites,  Ticrrilites^ 
Ftychoceras,  &c.  With  the  close  of  the  Cretaceous  period,  the 
entire  group  of  the  Avwionoidea  underwent  an  apparently  sudden 
and  all  but  complete  extinction,  no  undoubted  examples  of  this 
division  of  Cephalopods  being  known  in  any  unequivocal  Tertiary 
strata,  with  the  exception  of  certain  "  Ammonites  "  which  have  been 
found  in  the  Eocene  deposits  of  California. 

In  the  following  brief  summary  of  the  families  of  the  Animonoidea 
the  arrangement  adopted  by  Zittel  has  been  adhered  to  : — 

Family  i.  Clymeniid/e. — In  this  family  the  suture-lines  show 
simple  lobes  and  saddles  (fig.  768) ;  the  septal  "  necks  "  are  directed 
backwards,  the  shell  being 
"  retrosiphonate  and  the 
siphuncle  is  placed  on  the 
internal  side  of  the  shell. 

The  only  genus  included 
in  this  family  is  Clymenia 
itself  (fig.  768),  in  which 
the  shell  is  coiled  into  a 
flat  spiral,  the  whorls  of 
which  are  in  contact.  The 
inner  side  of  each  whorl 
is  deeply  excavated  for  the 
reception  of  the  convexity 
of  the  preceding  whorl, 
and  the  inner  coils  of 
the  spire  are  exposed  to 
view.  The  body-chamber 
is  long;  the  aperture  has 
a  ventral  sinus ;  and  the 
surface  is  smooth  or 
marked  with  fine  trans- 
verse striag.  The  sutures 
are  simply  folded  or  lobed, 

and  the  siphuncle  is  marginal,  and  is  placed  on  the  internal  or 
concave  side  of  the  shell.  The  septal  "  necks  "  resemble  those  of 
the  Pearly  Nautilus  in  being  directed  backwards,  and  they  are  some- 
times short,  or  at  other  times  invaginated  into  one  another.  The 
protoconch  resembles  that  of  the  Goniatitida.  in  form,  and  is  with- 
out a  cicatrix.  The  known  species  of  Clymetiia  are  confined  to  the 
Upper  Devonian  rocks,  some  of  the  limestones  of  this  age  in  Ger- 
many being  spoken  of  as  the  "  Clymenienkalk,"  owing  to  their  being 
profusely  charged  with  fossils  of  this  genus. 

Family  2.  GoniatitidvE. — In  this  family  the  shell  is  spirally 
coiled,  with  more  or  less  embracing  whorls ;  the  suture-lines  are 


Fig.  768. — Clymeftia  Sedgivickii.    Devonian.  The 
lower  figure  shows  the  form  of  the  suture. 
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simply  lobed  or  angulated,  and  are  not  foliaceous ;  the  septal 
"  necks "  are  directed  backwards ;  and  the  siphuncle  is  marginal, 
and  is  placed  on  the  external  side  of  the  shell.  The  "  protoconch  " 
(fig.  744,  D  and  e)  is  inflated,  and  is  devoid  of  a  cicatrix. 

This  family  comprises  the  comprehensive  genus  Goniaiites,  which 
has  been  divided  by  Hyatt  into  a  considerable  number  of  generic 
groups,  which  need  not  be  characterised  here.  In  all  the  forms 
included  under  the  general  name  of  Goniaiites  the  shell  (fig.  769)  is 
discoidal,  the  extent  to  which  the  inner  turns  are  exposed  varying 
widely  in  different  forms.  In  some  cases  there  is  a  wide  umbilicus, 
and  the  inner  volutions  are  extensively  exposed ;  whereas  in  other 
forms  the  umbilicus  is  much  reduced  in  size,  and  the  last  whorl 
more  or  less  completely  conceals  those  which  preceded  it.  The 

body-chamber  is  usually  long ;  and  the  sur- 
face is  generally  smooth,  but  may  be  adorned 
with  tubercles  or  ribs.  The  sutures  show 
simple,  sometimes  rounded,  sometimes  an- 
gulated lobes  and  saddles.  The  septal 
"  necks "  resemble  those  of  the  Nautilidce. 
and  of  Clymenia  in  being  directed  back- 
wards, the  shell  being  thus  "  retrosiphonate." 
On  the  other  hand,  the  slender  siphuncle 
resembles  that  of  the  Ammonites  in  being 


Fig.  769. — Goniatites  {Gastrfoceras)  yassa.  Carboniferous. 

marginally  placed  on  the  extertial  side  of  the  shell.    In  some  cases 
simple  or  divided  "  Aptychi "  have  been  shown  to  be  present. 
The  genus  Goniatites,  using  the  name  in  the  wide  sense,  com- 
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prises  about  three  hundred  species,  all  of  which  are  confined  to  the 
Pateozoic  rocks.  The  earliest  types  appear  in  the  later  Silurian 
deposits,  and  have  very  simple  suture-lines.  In  the  Devonian  and 
Carboniferous  rocks  numerous  forms  of  Goniatites  are  known  ;  and 
the  latest  representatives  of  the  group  are  found  in  the  Permo- 
Carboniferous  beds  of  the  Salt  Range  in  India.  In  certain  of  the 
Devonian  and  Carboniferous  Goniatites  the  sutures  become  com- 
plicated by  the  increase  of  the  number  of  lobes  and  saddles,  till 
a  near  approach  is  made  to  the  structure  of  the  septa  in  the 
Ammonites. 

Family  3.  Arcestid^. — In  this  family  the  shell  is  discoidal, 
and  the  body-chamber  is  very  long,  extending  over  one  or  one  and 
a  half  whorls.  The  surface  of  the  shell  is  smooth,  or  may  be 
adorned  with  transverse  striae,  ribs,  or  folds.  The  suture-lines  show 
very  numerous  lobes  and  saddles,  and  both  of  these  are  laterally 
incised,  thus  becoming  foliaceous  (fig.  770).  No  "Aptychus"is 
present.  [In  some  forms  a  horny  "  Anaptychus  "  appears  to  have 
existed.] 

The  members  of  this,  as  of  all  the  remaining  families  of  the 
Ammonoidea,  are  distinguished  from  the  ClymeniidcB  and  Goniati- 


Fig.  770.— Suture  of  Cyclolohus  Oldhami,  one  of  the  A  rcestidie.     Permo-Carboniferous,  I  ndia. 
(After  Waagen — copied  from  Zittel.) 

iidce  by  the  greater  complexity  of  their  septa  and  the  more  ornate 
form  of  the  sutures  resulting  from  this ;  while  the  septal  "  necks  " 
are  always  turned  forwards,  and  the  shell  is  thus  "  prosiphonate." 
Formerly  all  these  forms  were  grouped  under  a  comparatively  small 
number  of  genera,  such  as  Ceratiies,  Ammonites,  Hamites,  Turn- 
Hies,  Baculites,  &c.,  distinguished  principally  by  the  mode  of  growth 
and  the  resulting  form  of  the  shell.  By  far  the  most  important  of 
these  groups  was  the  comprehensive  genus  Ammonites,  embracing 
the  great  series  of  forms  commonly  known  as  "  Ammonites." 
Through  the  researches  of  Hyatt,  Neumayr,  Mojsisovics,  Waagen, 
von  Zittel,  and  other  well-known  investigators,  it  has  now  been  shown 
that  the  old  genus  Ammottites  can  no  longer  be  maintained,  but 
that  the  types  formerly  included  under  this  name  admit  of  a  natural 
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division  into  a  number  of  genera,  which  in  turn  constitute  a  number 
of  distinct  families.  These  modern  divisions  of  the  old  genus 
Ammonites  are  distinguished  by  such  morphological  characters  as 
the  size  of  the  body-chamber,  the  form  of  the  sutures,  the  shape  of 
the  aperture,  and  the  presence  or  absence  of  an  "  Aptychus."  The 
mere  form  of  the  shell  is  a  matter  to  which  comparatively  small 
weight  is  attached.  Hence  genera  such  as  Baculites,  Turrilites, 
and  the  like,  in  which  the  most  obvious  peculiarity  is  the  external 
configuration  of  the  shell,  are  now  distributed,  on  the  ground  of 
"their  internal  structure,  among  the  different  families  into  which  the 
genus  Aminonites  has  been  broken  up. 

The  three  principal  genera  of  the  ArcestidcR  are  Arcestes,  Cydo- 
lobus,  and  Lobites.  In  the  genus  Arcestes  the  shell  is  involute,  the 
last  whorl  being  of  large  size,  more  or  less  completely  concealing  the 
inner  whorls,  from  which  it  often  differs  in  character.  The  umbilicus 
becomes  constricted  in  course  of  growth,  and  is  commonly  completely 
closed  by  a  callous  deposit.  The  aperture  is  without  lateral  lobes, 
and  the  surface  is  smooth  or  furnished  with  fine  transverse  striae. 
The  species  of  Arcestes  are  almost  exclusively  Triassic,  though  early 

t5rpes  {Arcestes  priscus,  Waagen)  appear  in  the 
Permo-Carboniferous  rocks  of  India,  in  which 
also  is  found  the  nearly  allied  genus  Cyclolo- 
biis  (fig.  770).  The  genus  Lobites  agrees  with 
Arcestes  in  the  general  form  of  the  shell,  the 
long  body-chamber,  and  the  common  closure 
of  the  umbilicus  by  a  callosity.  The  surface, 
however,  is  commonly  marked  with  radial 
^'^■i:^ai:^!%':!i!"'''-     foWs  (fig.  771),  sometimes  intersected  by 

longitudinal  striae.  The  aperture  may  be 
simple,  but  is  usually  prolonged  into  a  projecting  hood.  The 
species  of  this  genus  are  confined  to  the  Trias. 

Family  4.  TROPixiDiE. — In  this  family  the  shell  is  discoidal,  with 
a  long  body-chamber,  extending  over  more  than  one  whorl.  The 
surface  is  more  or  less  richly  ornamented,  with  radial  ribs  which 
often  carry  spines  or  tubercles.  The  sutures  are  foliaceous,  the 
lobes  and  saddles  being  laterally  incised.  The  principal  genus  of 
this  family  is  Tropites  itself,  the  species  of  which  are  found  in  the 
Trias  principally,  but  survive  into  the  Lias. 

Family  5.  CERAXixiDiE. — In  this  family  the  form  of  the  shell  is 
variable,  and  its  surface  is  ornamented  with  ribs  or  tubercles.  The 
body-chamber  is  short,  not  extending  over  more  than  one-half  or 
three-quarters  of  a  volution.  The  sutures  mostly  show  simple  non- 
serrated  "saddles,"  while  the  "lobes"  are  denticulated  (fig.  772). 
The  aperture  is  simple,  and  an  "  Aptychus  "  is  not  known  to  have 
been  present. 
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The  genus  is 


Ceratites  nodosus. 
(Middle  Trias). 


Muschelkalk 


The  type  of  this  family  is  the  genus  Ceratites  (fig.  772),  ni  which 
the  shell  is  discoidal,  the  whorls  in  contact,  and  the  mner  volut.ons 
Ixposed  to  view.  The  lobes  of  the  suture  are  denticulated  or 
crenulated,  while  the  saddles  are  simply  rounded, 
characteristically  Triassic, 
and  the  majority  of  the 
species  are  found  in  the 
Muschelkalk.  In  the 
Triassic  genus  Trachy- 
ceras  (fig.  773)  the  gen- 
eral characters  resemble 
those  of  Ceratites,  but  the 
saddles  are  in  general 
laterally  incised  instead 
of  being  quite  simple. 

The  preceding  genera 
possess  a  discoidal  shell, 
the  whorls  of  which  are 
in  contact,  but  there  are 
three  Triassic  genera  in- 
cluded in  this  family  in  which  the  form  of  the  shell  is  different. 
Thus,  in  Choristoceras  the  shell  forms  a  flat  spiral,  the  inner  whorls 
of  which  are  contiguous,  while  the  last  whorl  is  disjunct.    In  Cochlo- 
ceras,  again,  the  shell  is  turreted,  while  there  is  the 
peculiarity  that  the  lobes, 
as  well  as  the  saddles, 
of  the  suture  are  simple. 
Lastly,  in  Rhabdoceras  the 
shell  is  straight,  the  lobes 
of  the  suture  being  like- 
wise free  from  denticula- 
tions. 

Family  6.  Cladisci- 
TiD^. — In  this  family  the 
shell  is  discoidal,  and  the 
body-chamber  is  long,  ex- 
tending over  one  whorl  or 
thereabouts.  The  shell  is 
thick  and  laterally  flattened,  the  surface  being  spirally  striated  or 
smooth.  The  suture  shows  foliaceous  saddles  and  finely  incised 
lobes.  This  family  was  founded  by  Zittel  to  include  certain  Triassic 
"  Ammonites,"  most  of  which  belong  to  the  genus  Cladiscites  itself 

Family  7.  Pinacoceratid^. — The  shell  in  this  family  has  the 
form  of  a  compressed  disc,  usually  with  a  smooth  surface.  The 
body-chamber  is  short,  occupying  from  a  half  to  two-thirds  of  the 


additional 


Fig.  773. —  Tracliyceras  Aon.  Trias. 


858  TETRABRANCHIATE  CEPHALOPODS. 


last  volution.  The  suture  has  very  numerous  lobes  and  saddles, 
which  are  sometimes  incised,  sometimes  comparatively  simple,  one 

or  more  adventitious  lobes  being  usually 
present.  An  "  Aptychus  "  is  not  known  to 
have  existed. 

The  genus  Pinacoceras  itself  includes 
a  number  of  Triassic  "  Ammonites,"  which 
sometimes  attain  to  a  great  size  (a  yard  or 
more  in  diameter),  and  are  distinguished 
by  the  extraordinary  complexity  of  the 
suture-lines.  On  the  other  hand,  in  the 
genus  Sageceras,  though  the  sutures  show 
very  numerous  lobes  and  saddles,  this  com- 
plexity does  not  exist,  the  saddles  being 
tongue-shaped  and  entire,  while  the  lobes 
are  simply  indented.  The  species  of  this 
genus  are  chiefly  Triassic,  but  early  types 
appear  in  the  Permo-Carboniferous  ("  Salt-Range  Group  ")  of  India. 

Family  8.  Phylloceratid^. — In  this  family  the  shell  (fig.  774) 
is  discoidal,  the  body-chamber  occupying  from  one-half  to  three- 
fourths  of  a  volution.    The  surface  is  smooth  or  adorned  with 


Fig.  774. — Side-view  o^Pkyl- 
loccras  heterophylluvi.  Ju- 
rassic. 


Fig.  775.- — Outline  oi  Phylloccras 
heterophylluin,  showing  the  lobes 
and  saddles.  D,  Siphonal  lobe ;  L, 
Superior-lateral  lobe  ;  l',  Inferior- 
lateral  lobe  ;  a  a,  Auxiliary  lobes  ; 
V,  Antisiphonal  lobe ;  d.  External 
saddle ;  /,  Lateral  saddle. 


Fig.  776. — Suture-line  of  Phylloccras  lietero- 
fihyllum.  D,  Siphonal  lobe;  l,  Superior-lateral 
lobe;  l',  Inferior-lateral  lobe;  a  a.  Auxiliary 
lobes  ;  li,  External  saddle  ;  /,  Lateral  saddle. 


transverse  strise ;  and  the  aperture  is  simple.  The  lobes  and  sad- 
dles of  the  suture-line  (fig.  776)  diminish  gradually  in  size  in  pro- 
ceeding from  the  external  towards  the  internal  side  of  the  shell ; 
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and  the  saddles  terminate  in  bladder-shaped  rounded  ends.  An 
"  Aptychus "  is  not  known  to  have  been  present. 

The  type-genus  of  this  family  is  Phylloceras,  compnsmg  mvolute 
"Ammonites,"  with  a  widely  expanded  body-chamber,  a  com- 
pressed form,  and  either  no  umbilicus  or  a  small  one  (fig.  774)- 
The  surface  usually  exhibits  fine  transverse  strise,  which  are  directed 
forwards ;  and  the  external  margin  is  never  keeled  or  tuberculated. 
The  aperture  is  simple,  with  short  ventral  lobes.  The  most  char- 
acteristic feature,  however,  is  the  presence  of  numerous  saddles, 
which  gradually  diminish  in  size  from  without  inwards,  and  which 
end  in  rounded  or  bladder-shaped  extremities  (fig.  776).  The 
species  of  Phylloceras  range  from  the  Lias  to  the  Cretaceous 
rocks,  but  the  genus  is  preceded  in  the  Trias  by  allied  types 
{Megaphyllites). 

Family  9.  LvTOCERAXiDiE. — Shell  extremely  variable  in  shape; 
the  body-chamber  in  the  coiled  types  occupying  from  two-thirds  to 
three-quarters  of  the  last  volution.  The  surface  is  adorned  with 
simple,  wavy,  or  nodose  ribs,  which  may  be  straight  or  bent.  The 


Fig.  777.— Suture-line  oi Lytoceras  Liebigi,  Jurassic,  s,  Siphonal  lobe ;  ES,  External  saddle. 

suture-line  exhibits  few  (generally  six),  deeply  incised  lobes  and 
saddles ;  the  superior,  and  commonly  also  the  inferior,  lateral  lobe 
being  divided  into  two  symmetrical  halves,  while  the  saddles  may 
also  be  more  or  less  clearly  bilateral  (fig.  777).  An  "Aptychus" 
is  only  known  in  the  single  genus  Baculites  (Zittel). 

The  type-genus  of  this  family  is  Lytoceras  itself,  which,  like  all 
the  "  Ammonites,"  possesses  a  discoidal  shell.  As  shown,  however, 
by  Neumayr,  the  characteristic  suture-line  of  Lytoceras  is  possessed 
by  a  number  of  forms,  such  as  Turrilites,  Baculites,  Hamites,  &c.,  in 
which  the  shell  may  be  coiled  into  a  turreted  spiral,  or  may  be 
straight,  hook-shaped,  &c.  The  shell  in  Lytoceras  (fig.  778)  is  dis- 
coidal and  widely  umbilicated,  the  whorls  contiguous  but  hardly 
or  slightly  overlapping.  The  surface  is  usually  adorned  with  radial 
lines  of  growth,  or  periodic  contractions  of  the  shell,  with  corre- 
sponding prominent  fringed  ribs  ("  fimbriee ")  at  intervals.  The 
aperture  is  simple,  with  an  internal  lappet  resting  on  the  preced- 
ing whorl.    The  suture-line  (fig.  777)  is  complex,  the  lateral  lobes 
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Fig.  778. — Lytoceras Jimbri- 
atum.  Lias. 


and  saddles  being  divided  into  small  symmetrical  digitations.  The 
species  of  Lytoceras  range  from  the  base  of  the  Lias  to  the  middle 

of  the  Cretaceous  system. 

The  genus  Macroscaphites  (fig.  779) 
comprises  a  portion  of  the  forms  included 
in  the  old  genus  Scaphites,  and  the  suture- 
lines  agree  with  those  of  Lytoceras  and  its 
allies  in  the  fact  that  the  lateral  lobes  are 
divided  into  two  symmetrical  halves.  The 
first  portion  of  the  shell  is  coiled  into  a 
flat  spiral,  the  volutions  of  which  are  in 
contact,  but  the  last-formed  portion  of  the 
shell  is  disjunct  and  is  prolonged  in  a 
straight  line,  its  terminal  extremity  being 
bent  upwards  and  backwards.  The  species 
of  this  genus  are  confined  to  the  Lower 
Cretaceous  rocks. 
In  the  genus  Hamites  (fig.  780)  the  shell  is  an  extremely  elon- 
gated cone,  which  is  bent  upon  itself  more  than  once  in  a  hook- 

Hke  manner,  all  the  volutions  being  separate. 
The  surface  is  usually  adorned  with  trans- 
verse ribs,  and  the  body-chamber  is  very 
long.  The  suture  resembles  that  of  the 
Lytoceratidce  in  the  fact  that  the  superior- 
lateral  lobe  (as  also  commonly  the  inferior- 
lateral  lobe)  is  divided  into  two  symmetrical 
halves,  the  saddles  also  being  bilaterally 
symmetrical.  The  species  of  Llamites  range 
from  the  Neocomian  to  the  Chalk,  and 
some  forms  attain  a  considerable  size. 
The  Cretaceous  (Neocomian)  genus  Lfamu- 
lina  differs  from  Llamites  in  the  fact  that 
the  elongated  shell  is  only  bent  once,  its 
two  portions  being  parallel  to  one  another 
but  not  in  contact.  In  the  genus  Ptycho- 
ceras,  again,  the  shell  (fig.  781)  has  the 
form  of  a  greatly  elongated  cone,  which  is 
once  bent  upon  itself,  the  two  straight  por- 
tions of  the  shell  being  in  contact.  The 
thicker  limb  of  the  shell  is  transversely 
ribbed ;  and  the  sutures  have  the  same 
form  as  those  of  Llamites.  The  species  of 
Ptychoceras  are  exclusively  Cretaceous,  and  range  from  the  Neo- 
comian to  the  Gault. 

In  the  genus  Turrilites  (fig.  782)  the  shell  has  the  form  of  a 


Fig.  779.  —  Macroscaphites 
Ivanii.  Cretaceous.  (Neo- 
comian.) 
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turreted  spiral,  being  composed  of  volutions  which  pass  obliquely 
round  a  central  axis,  an  umbilicus  being  present  or  absent.  The 
shell  is  usually  sinistral,  but  is  sometimes  dextral  The  surface 
is  adorned  with  ribs  or  nodosities;  and  the  lateral  lobes  of  the 
suture-line  are  symmetrically  divided.    In  Turrilites  proper  (fig. 


Fig.  ■jio.—Hamites  rotundus,  restored.    Cretaceous.  (Gault.) 

782)  the  volutions  of  the  shell  are  in  contact,  whereas  in  Helico- 
ceras  the  shell  is  coiled  into  an  open  spiral,  the  coils  of  which  do 
not  touch.  Certain  of  the  forms  which  have  been  placed  in  the 
genus  Heteroceras  (such  as  H.  polyplocum)  agree  in  the  form  of 
their  sutures  with  Turrilites,  from  which  they 

only  differ  in  the  fact  that  the  terminal  portion 
of  the  shell  is  coiled  into  an  open  spiral,  the 
last  whorl  sometimes  being  prolonged  in  a 
straight  line.  All  the  types  in  question  are 
Cretaceous,  and  range  from  the  Neocomian  to 
the  Chalk. 

Lastly,  the  genus  Baculites  is  included  in  the 
family  Lytoceratidce  from  the  form  of  its  suture- 
lines,  the  superior-lateral  lobes  being  symmetri- 
cally divided.    The  shell  in  this  genus  (fig. 

783)  is  in  the  form  of  a  straight  elongated 
cone,  with  a  long  body-chamber,  the  aperture 
of  which  is  simple  and  is  prolonged  ventrally. 
In  some  forms  a  divided  "  Aptychus  "  has  been 
shown  to  exist.  The  species  of  this  genus 
range  from  the  Neocomian  to  the  highest  beds 
of  the  Chalk. 

Family  10.  PxycHiTiDiE.  —  This  family  in- 
cludes forms  of  "  Ammonites,"  of  variable  shape,  the  spirally 
coiled  shell  being  flat  or  ventricose,  with  a  wide  or  narrow  um- 
bilicus. The  body -chamber  occupies  from  two -thirds  to  three- 
fourths  of  a  volution.  The  sutures  are  sometimes  simply  angu- 
lated  and  resemble  those  of  the  Goniatites ;  or  the  saddles  are 


Fig.  781. — Ptychoceras 
Emericianuin,  reduced 
in  size.  Neocomiati. 
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round  and  the  lobes  denticulated,  as  in  Ceratiies ;  or  both  sad- 
dles and  lobes  are  incised.    No  "  Aptychus  "  is  present  (Zittel). 
The  genera  included  in  this  family  are  mostly  Triassic,  the  type- 


Fig.  782. — Turrilites  catena-  Fig.  783.  —  BaculHes 

ius.    The  lower  figure  repre-  ancefis,  showing  part  of 

sents  the  entire  shell ;  the  up-  the  Dody-chamber  and 

per  figure  represents  the  base  a  portion  of  the  septal 

of  the  shell  seen  from  below.  chambers.  Chalk. 
Gault. 


genus  being  Piychites  itself,  in  which  the  sutures  have  both  the  lobes 
and  the  saddles  incised. 

Family  II.  AmaltheiDvE. — This  family  includes  "Ammonites," 
in  which  the  shell  is  discoidal  and  laterally  compressed  (fig.  784, 
785),  and  the  last  whorl  conceals  a  considerable  portion  of  the 
preceding  volutions.    The  body-chamber  occupies  about  two-thirds 
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of  the  last  volution.  The  external  side  of  the  shell  is  acute,  or  is 
provided  with  a  projecting  keel,  which  is  often  hollow.  The  sutures 
are  usually  deeply  incised,  but  may  resemble  those  of  Ceratites  m 
form.     A  horny  "Anaptychus"  has  been  shown  to  exist  in  a 

number  of  forms.  ,  •  ,  u 

The  type-genus  of  this  family  is  Amaltheus  itself,  in  which  the 
shell  (figs.  784,  785)  is  furnished  along  its  external  margin  with  an 


acute  or  transversely  plaited  keel.  The  surface  may  be  smooth, 
striated,  or  transversely  ribbed.  The  aperture  is  furnished  with  a 
ventral  process,  and  the  sutures  have  deeply  incised  lobes  and 
saddles.  Numerous  species  of  this  genus  are  found  in  the  Jurassic 
rocks,  beginning  in  the  Lias. 

Nearly  allied  to  the  preceding  is  the  genus  Schloenbachia  (figs. 
786,  787),  in  which  the  external  side  is  broad,  and  is  furnished 
with  a  strong  median 
keel,  in  the  hollow  of 
which  the  thick  siph- 
uncle  is  usually  con- 
tained. The  surface  is 
transversely  ribbed,  and 
the  aperture  is  falciform, 
and  is  provided  on  its 
ventral  side  with  a  for- 
wardly  directed  process. 
The  species  of  this  genus 
are  exclusively  Cretace- 
ous, and  range  from  the 
Neocomian  to  the  Chalk. 

In    the  Cretaceous 
genus  Buchiceras  the  external  edge  of  the  shell  is  acute  or  keeled, 
but  the  sutures  resemble  those  of  Ceratites  so  closely  that  the 
forms  of  this  type  were  formerly  referred  to  the  latter.  Lastly, 


Fig.  786  —  Side  -  view  of 
Schloenbachia  Roissyana.  Cre- 
taceous. 


Fig.  787. — Eiid-view 
of  Schloenbachia  cris- 
tata.  Cretaceous. 
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this  family  is 
which  the  sur- 


Fig.  788. — yEgoceras  capri- 
comum.  Lias. 


the  genus  Oxynoticeras  includes  a  number  of  Jurassic  and  Cre- 
taceous "  Ammonites,"  which  differ  from  those  comprised  in 
Amaltheus  chiefly  in  the  form  of  the  suture-lines. 

Family  12.  ^goceratid^. — The  shell  in  this  family  of  "Am- 
monites "  is  discoidal,  compressed,  and  usually  widely  umbilicated ; 
the  surface  generally  with  simple  transverse  ribs.   The  body-chamber 

occupies  about  three-fourths  of  the  last 
volution,  and  the  aperture  is  without 
lateral  extensions.  The  suture  is  incised, 
with  two  lateral  lobes,  incompletely  de- 
veloped auxiliary  lobes,  and  a  bifurcated 
antisiphonal  lobe.  An  "Anaptychus" 
is  present  (Zittel). 

The   type  -  genus  of 
.^goceras  (fig.  788),  in 
face  shows  simple  transverse  ribs  spread 
out  or  split  ventrally.    The  external  side 
of  the  shell  is  rounded,  without  either  a 
median  keel  or  furrow.    The  species  of 
this  genus  are  confined  to  the  Lias.  The 
most  important  genus  in  this  family  is, 
however,  Arietites  (fig.  789),  in  which  the  shell  is  flat  and  discoidal, 
widely  umbilicated,  and  many-whorled.     The  external  margin  is 
more  or  less  flattened,  and  is  provided  with  a  median  keel  bordered 

by  a  lateral  furrow  on  each  side. 
The  surface  has  simple  straight  ribs, 
which  often  have  tubercles  developed 
on  them  near   the  ventral  margin. 
The  body-chamber  is  long  (fig.  762), 
and  occupies  one  volution  or  more. 
A  large  number  of  species  are  known, 
all  of  which  are   confined   to  the 
Lower   Lias,  A.  JBucklandi,  A.  ob- 
tusus,   A.   bisulcatus,   and   A.  roti- 
formis   being   familiar   species.  If 
the  name  of  Ammonites  is  to  be  employed  at  all  as  a  generic 
designation,  it  must  be  for  the  forms  here  in  question. 

Family  13.  Harpoceratid^. — In  this  family  the  shell  (fig.  790) 
is  discoidal,  compressed,  and  umbilicated ;  the  external  margin  is 
obtusely  or  acutely  keeled  ;  and  the  surface  is  adorned  with  falciform 
ribs  or  strise.  The  aperture  is  falciform,  and  is  furnished  with 
rounded  auricles  and  a  long,  pointed,  ventral  process.  The  suture 
is  digitated,  and  the  antisiphonal  lobe  is  undivided.  A  calcified 
"  Aptychus  "  is  present. 

The  type  of  this  family  is  the  genus  Harpoceras,  of  which  very 


Fig.  789. — Arietites  {Ammonites)  bisul- 
catus, reduced  in  size.  Lias. 
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numerous  species  are  known,  none  of  which  transcends  the  Umits  of 
the  Jurassic  system.    FamiUar  forms  are  the  H.  {Hildoceras)  bifrons 


Fig.  790. — Harjioceras  {Hildoceras)  bi/rons.  Lias, 


(fig.  790)  and  H.  serpentinum  of  the  Upper  Lias.  Allied  to  Harpo-- 
ceras  is  the  Jurassic  genus  Oppelia,  in  which  the  shell  is  involute, 
and  the  umbilicus  is  much  reduced  in 
size. 

Family  14.  Haploceratid/e. — In  this 
family  the  shell  is  discoidal,  with  a  wide 
or  narrow  umbilicus  ;  the  external  margin 
being  rounded,  or  in  a  few  cases  feebly 
keeled.  The  surface  is  adorned  with  fine 
lines  of  growth  or  curved  ribs,  commonly 
with  falciform  constrictions  or  varices. 
The  aperture  has  feebly  developed  auricles; 
the  suture-line  is  deeply  incised ;  and  an 
"  Aptychus  "  has  hitherto  been  recognised 
in  a  few  forms  only. 

The  family  of  the  Haploceratid(e  ranges 
from  the  Lower  Jurassic  rocks  to  the  Chalk,  and  the  principal 
genera  are  Haploceras  and  Desmoceras  (fig.  791). 

Family  15.  Stephanoceratid^. — The  form  of  the  shell  in  this 
family  is  variable,  but  the  external  margin  is  in  general  broad  and 
rounded,  and  is  never  keeled  ;  while  the  surface  is  almost  always 
adorned  with  transverse  ribs,  which  may  carry  tubercles,  and  usually 
bifurcate  near  the  ventral  border  (fig.  792).  The  body-chamber 
occupies  from  one-half  to  two-thirds  of  the  last  volution.  The 
aperture  is  commonly  furnished  with  wide  lateral  extensions  or  lap- 
pets, which  may  be  inflected  to  form  a  sort  of  cowl  (fig.  763).  The 
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Fig.  791. — Desmoceras  (Am- 
tnoiiites)  ligatiim.  Cretaceous 
(Neocomian). 


866  TETRABRANCHIATE  CEPHALOPODS. 

lobes  and  saddles  of  the  sutures  are  incised,  and  a  calcified  "Apty- 
chus  "  is  present. 

In  Stephanoceras  itself  (792)  the  shell  is  discoidal  and  usually 
widely  umbilicated,  and  the  surface  is  ornamented  with  strong  ribs, 


Fig.  792. — Stephanoceras  {Atnmoniies)  Humphresianum.    Inferior  Oolite. 


which  are  simple  internally,  but  become  once  or  more  divided  on 
approaching  the  external  border ;  the  point  of  bifurcation  being  in 
general  marked  by  the  development  of  a  more  or  less  prominent 


Fig.  793. — Cccioceras  (Ammonites)  Fig.  794. — Cceloccras  (Ammonites) 

annulatuvi.    Lias.  comviune.  Lias. 


tubercle.  The  species  of  the  genus  are  confined  to  the  Jurassic 
rocks. 

Very  closely  allied  to  the  preceding  is  the  genus  Cceloceras,  but 
the  types  included  under  this  name  have  a  long  body-chamber  (ex- 
tending over  more  than  one  whorl),  while  the  aperture  of  the  shell 
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is  simple  and  without  side-lappets.    The  surface-sculpture  is  similar 
to  that  of  Stephanoceras.    All  the  species  of  Cceloceras  are  found  in 
the  Lias,  two  well-known  forms  being 
C.  {Ammonites)  annulatum  (fig.  793), 
and    C.  {Ammonites)  co?ni?iune  (fig. 
794)- 

In  Cosmoceras  (fig.  795)  the  shell 
is  discoidal  and  the  surface-ribs  are 
bent  forwards,  and  often  have  tuber- 
cles or  spines  developed  along  their 
external  ends.  The  aperture  of  the 
shell  is  furnished  with  long  lateral 
extensions,  which  may  disappear  with 
age.    The  species  of  Cosmoceras  are  Jurassic  and  Lower  Cretaceous. 

In  Perisphinctes  (^g.  796)  the  shell  is  discoidal,  and  usually  widel)' 
umbilicated,  with  a  rounded  external  border.  The  surface-ribs 
divide,  each,  near  the  siphonal  margin,  into  two  or  more  branches. 
The  body-chamber  extends  over  two-thirds  or  the  whole  of  the  last 
whorl,  and  the  aperture  is  simple,  with  lateral  extensions  or  auricles. 


'g.  yg:i'^CosinOLeras  {Ammonites) 
Jason,  reduced  in  size.  Jurassic 
(Oxford  Clay). 


Fig.  796. — Perisphinctes  {Ammonites) 
Martinsi.    Inferior  Oolite. 


Fig.  797.  —  Hoflites  {A  mmonites) 
falcatus.  Cretaceous. 


A  very  large  number  of  species  of  this  genus  are  known,  ranging 
from  the  Inferior  Oolite  to  the  Lower  Cretaceous. 

In  the  genus  Hoplites  (fig.  797)  the  shell  differs  from  that  of 
Perisphinctes  in  being  involute,  with  the  umbilicus  narrow,  and 
the  whorls  high.  The  surface-ribs  spring  from  tubercles  near  the 
umbilical  margin,  which  divide  as  they  proceed  outwards,  and  are 
generally  interrupted  by  a  broad  furrow  along  the  line  of  the  external 
border  of  the  shell.  The  species  of  this  genus  are  characteristic  of 
the  Cretaceous  system. 

In  Acanthoceras  the  shell  (fig.  798)  is  discoidal  and  umbilicated, 
and  the  sculpture  consists  of  strong,  straight,  undivided,  or  divided 
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ribs,  which  increase  in  width  in  proceeding  from  the  umbilicus  to- 
wards the  external  margin,  and  are  often  adorned  with  tubercles. 
In  the  genus  Aspidoceras,  again,  the  shell  (fig.  799)  may  be  flat  and 
widely  umbilicated  ;  or  it  may  be  inflated  and  involute,  with  a  narrow 
umbihcus.  The  sculpture  consists  of  one  or  two  rows  of  tubercles, 
which  occasionally  become  obsolete  in  late  life,  while  ribs  are  as  a 
rule  only  present  in  young  examples.    The  numerous  species  of 


Fig.  798. — Acantlwccras  Devcrianum.  Fig.  799. — AsJ>idoceras  longispinum. 

Cretaceous  (Lower  Chalk).  Jurassic  (Kimeridge  Clay). 


Acanthoceras  are  wholly  Cretaceous,  while  Aspidoceras  ranges  from 
the  Middle  Jurassic  to  the  Lower  Cretaceous.  Allied  genera  are 
Simoceras  and  Feltoceras,  both  of  which  are  confined  to  the  Jurassic 
series. 

All  the  preceding  forms  of  the  Stephanoceratidce.  possess  a  spirally- 
coiled  shell,  the  volutions  of  which  are  contiguous  and  lie  in  a  single 
plane ;  and  all  belong  to  the  great  group  of  the  "  Ammonites." 

There  are,  however,  other  types,  with  a  vari- 
ously coiled  shell,  which,  as  judged  by  their 
general  morphological  characters,  appear  to  be 
properly  referable  here.  Amongst  the  types 
in  question  is  the  genus  Scaphites^  as  re- 
stricted by  the  removal  to  the  Lytoceratidce 
of  the  forms  which  constitute  the  genus  Ma- 
croscaphites.  In  Scaphites  proper  the  shell  (fig. 
1         .\  X   ,>  800)  consists  of  a  series  of  volutions  coiled 

'^jlw^  into  a  flat  spiral,  but  having  the  last  whorl 

„.  „    \,  detached  from  the  others,  produced,  and  ulti- 

Flg.  800. — Scaphites  aqua-  '  '■ 

/is.  Upper  Cretaceous.     matcly  bent  back  in  the  form  of  a  crosier. 

The  suture-line  shows  several  auxiliary  lobes  ; 
and  an  "  Aptychus  "  is  present.  All  the  known  species  of  Scaphites 
are  confined  to  the  Cretaceous  system. 

In  the  genus  Crioceras  (fig.  80 1)  the  shell  is  rolled  into  a  spiral, 


AMMONOIDEA. 


869 


the  turns  of  which  He  in  one  plane,  but  the  volutions  are  not  m 
contact  with  one  another.    The  surface-sculpture  consists  of  trans- 
verse ribs,  usually  with  rows  of  tubercles  or  short  spines  ihe 
suture  is  much  ramified,  but  only  consists  of  four  prmcipal  lobes 
viz.,  a  siphonal  lobe,  superior-lateral  lobe,  inferior-lateral  lobe,  and 


Fig.  801. — Crioceras  Emerici. 
Cretaceous. 


Fig.  io2.— Heteroceras  Emerici. 
Cretaceous. 


antisiphonal  lobe.  The  body-chamber  is  long,  and  the  aperture  is 
simple  and  without  side-lappets.  The  species  of  Crioceras  are  Cre- 
taceous, ranging  from  the  Lower  Greensand  to  the  Gault.  Some 
of  the  forms  which  have  been  placed  under  the  genus  Heteroceras 
appear  to  be  nearly  related  to  Crioceras.  In  these  forms  the  first 
portion  of  the  shell  resembles  Turrilites  in  being  obliquely  coiled 
and  turreted,  with  contiguous  whorls ;  but  the  last  volution  is  de- 
tached from  the  rest,  and  is  produced  and  recurved  (fig.  802). 

The  forms  for  which  the  name  of  Toxoceras  is  employed  have  an 
elongated,  arcuate  or  bow-shaped  shell,  which  is  not  coiled  into  a 


Fig.  803. — Aticyloccrai:  J\l atlicronianujH,  Gault. 


spiral ;  and  the  structural  characters  agree  with  those  of  Crioceras. 
The  species  of  Toxoceras  are  found  in  the  Lower  Cretaceous  rocks  ; 
but  it  is  not  clear  that  the  genus  has  not  been  founded  upon  broken 
examples  of  Crioceras. 
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Also  very  closely  allied  to  Crioceras,  if  not  absolutely  identical 
with  It,  IS  the  genus  Ancy/oceras  (fig.  803),  in  which  the  shell  agrees 
with  that  of  the  former  in  consisting  in  its  earlier  portion  of  several 
volutions,  which  are  coiled  into  a  flat  spiral,  but  are  not  in  contact 
with  one  another.  The  shell  differs,  however,  from  that  of  Crioceras 
in  the  fact  that  the  last  volution  is  produced  at  a  tangent,  and  is 
ultimately  bent  back  in  the  form  of  a  crosier.  The  sutures  are 
divided  into  six  lobes,  which  are  very  unequal  in  size,  and  are 
digitated  in  a  complex  manner.  The  genus  is  Jurassic  and  Creta- 
ceous, ranging  from  the  Inferior  Oolite  to  the  Neocomian. 
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CHAPTER  XLIV. 

DIBRANCHIA  TE  CEP  HAL  OPODS. 

The  Dibranchiate  Cephalopods  or  "  Cuttle-fishes  "  are  characterised 
as  being  sivimming  animals,  almost  invariably  naked,  zvith  never 
more  than  eight  or  ten  arms,  which  are  always  provided  with  suckers. 
There  are  tivo  branchice,  which  are  furnished  ivith  branchial  hearts  : 
an  ink-sac  is  ahvays present;  the  futinel  is  a  complete  tube;  and  the 
shell  (when  present)  is  internal,  or,  if  external,  is  not  cha7?ibered. 

The  Cuttle-fishes  (fig.  804)  are  rapacious  and  active  animals, 
swimming  freely  by  means  of  the  jet  of  water  expelled  from  the 
funnel.  The  arms  constitute  powerful  offensive  weapons,  being 
excessively  tenacious  in  their  hold,  and  being  sometimes  provided 
with  a  sharp  claw  in  the  centre  of  each  sucker.  .  They  are  mostly 
nocturnal  or  crepuscular  animals,  and  they  sometimes  attain  to  a 
great  size. 

The  general  anatomy  of  the  Cuttle-fishes  has  already  been  briefly 
discussed  (see  p.  821),  and  it  only  remains  to  allude  shortly  to  cer- 
tain points  which  possess  a  special  palseontological  interest.  Under 
certain  exceptionally  favourable  circumstances  the  outline  of  the 
body  has  been  preserved  in  the  fossil  Dibranchiates,  and  in  such 
cases  the  horny  hooks  with  which  the  suckers  are  occasionally  fur- 
nished may  be  recognisable,  and  it  may  even  be  possible  to  deter- 
mine the  number  of  the  "arms."  The  mandibles  of  the  Cuttle- 
fishes differ  from  those  of  the  Tetrabranchiates  in  not  being  calcified, 
and  these  structures  are  therefore  not  preserved  in  the  fossil  condi- 
tion. On  the  other  hand,  the  Dibranchiates  possess  in  the  ink-sac 
a  structure  which  is  quite  capable  of  petrifaction,  the  carbonaceous 
particles  suspended  in  the  "  ink  "  being  very  indestructible.  Hence 
the  fossilised  ink-bag  of  the  Dibranchiates  is  of  .tolerably  frequent 
occurrence. 

The  skeleton  in  the  Dibranchiates  may  be  rudimentary  or  wholly 
absent,  as  in  the  majority  of  the  Octopods.  In  the  female  Argo- 
naut, again,  there  is  a  delicate,  involute,  external  shell,  which  is 
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secreted  by  the  two  dorsal  arms,  and  has  no  connection  with  the 
mantle  of  the  animal.  In  the  great  majority  of  the  Dibranchi- 
ates,  however,  there  exists  an  internal  shell  which  is  contained  within 
the  mantle,  and  varies  in  structure  in  different  types.  In  some 
cases,  the  shell  has  the  form  of  an  elongated,  horny,  feather-shaped 


Fig.  804.— A,  The  Common  Q.&\7^ms.Ty{Lol^go  vulgaris),  reduced  in  size  :  <i,  One  of  the  ordinary 
arms;  One  of  the  longer  arms  or  "tentacles."  B,  Skeleton  or  "  pen  "  of  the  same,  one-fourth 
natural  size  (after  Woodward),  c,  Side-view  of  one  of  the  suckers,  showing  the  horny  hooks 
surrounding  the  margin,  d.  View  of  the  head  from  in  front,  showing  the  bases  of  the  arms  (a) 
and  tentacles  (/),  the  mouth  (/«),  and  the  funnel  (/). 


body  or  "pen"  (fig.  737,  b),  which  is  situated  dorsally  in  a  closed 
sac  of  the  mantle.  In  other  cases,  as  in  Sepia  (fig.  737,  a)  the 
internal  shell  is  calcareous  in  composition.  The  posterior  end  of 
this  skeleton  may  exhibit  in  a  rudimentary  form  a  chambered  sac 
or  "  phragmacone,"  but  in  many  cases  no  trace  of  this  structure  can 
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be  detected.  In  the  extinct  family  of  the  Belemnitidce,  the  skeleton 
consists  of  a  well-developed  chambered  cone  (the  "  phragmacone  "), 
which  is  divided  by  arched  septa  into  a  succession  of  air-chambers, 
the  septa  being  pierced  by  a  tube  or  "  siphuncle."  The  phragmacone 
in  this  family  is  prolonged  forwards  on  its  dorsal  side  into  a  flattened 
"pen"  (the  " pro-ostracum "),  while  it  is  protected  posteriorly  by 
a  solid  calcareous  investment  or  sheath  (the  "guard").  In  the 
existing  genus  Spirula  the  shell  is  internal,  but  is  reduced  to  the 
chambered  "  phragmacone,"  which  is  coiled  into  a  flat  spiral,  the 
coils  of  which  are  not  in  contact  (fig.  737)  ^ 

The  phragmacone  commences  in  a  globular  or  inflated  "proto- 
conch"  or  "initial  chamber" 
(fig.  805,  pr),  which  is  dis- 
tinctly constricted  off  from 
the  first  air-chamber,  and 
which  is  devoid  of  a  cica- 
trix. The  siphuncle  com- 
mences as  a  csecal  tube  (c) 
pushed  into  the  protoconch ; 
and  a  "  prosiphon "  (/)  is 
present.  It  will  be  thus  seen 
that  the  protoconch  of  the 
Dibranchiates  is  essentially 
similar  to  that  of  the  Am- 
monoids,  a  fact  which  has 
led  some  naturalists  to  the 
belief  that  the  latter  are  truly 
Dibranchiate,  and  that  their 
shell  was  therefore  internal. 
In  all  the  Dibranchiates  in 
which  a  phragmacone  is  com- 
pletely developed,  the  siphun- 
cle is  constantly  ventral  in 
position,  and  in  Spirula  it  is  consequently  placed  along  the  concave 
side  of  the  shell. 

As  regards  their  classification,  the  Dibranchiata  are  divided  into 
two  sub-orders,  the  Octopoda  and  the  Decapoda,  the  former  charac- 
terised by  the  possession  of  eight  arms  only,  while  in  the  latter 
there  are  eight  comparatively  short  arms  and  two  long  arms  or 
"  tentacles."  The  Decapoda  constitute  the  most  important  of  these 
groups,  and  are  divided  by  Fischer  into  the  three  sections  of  the 
Fhragmophora,  Sepiophora,  and  Chondrophora,  in  accordance  with 
the  nature  of  the  skeleton. 

As  regards  the  distribution  of  the  Dibranchiate  Cephalopods  in 
time,  no  Palseozoic  types  of  the  order  have  hitherto  been  detected. 


Fig.  805.  —  Longitudinal  section  of  the  shell  of 
Spirula  Peroni.  f>r,  Protoconch  ;  Prosiphon  ;  c, 
Caecal  commencement  of  the  siphuncle  ;  s  i,  Siph- 
uncle ;  sc^  One  of  the  septa  ;  Ventral  wall  of  the 
shell.    (After  Munier-Chalmas.) 


8/4 


DIBRANCHIATE  CEPHALOPODS. 


The  oldest  known  representatives  of  the  order  appear  in  the  Trias, 
and  belong  to  the  extinct  families  of  the  Belei7iniiida  and  Beletti- 
noteuthidcE.  The  BelemnitidcB  show  a  great  development  in  the 
Jurassic  rocks,  and  in  the  same  deposits  occur  the  remains  of 
Cuttle-fishes  essentially  similar  to  those  now  in  existence  (forms  of 
the  Chondrophora).  The  typical  members  of  the  Belemnitida  dis- 
appear with  the  close  of  the  Cretaceous  period,  but  a  few  forms  of 
this  important  Mesozoic  family  survive  into  the  Tertiary.  At  the 
present  day,  the  sole  survivor  of  the  section  of  the  Phragmophora  is 
the  genus  Spirula.  The  oldest  types  of  the  Sepiophora  appear  in 
the  Tertiary  deposits.  In  the  following  are  given  the  characters  and 
distribution  in  time  of  those  families  of  the  Dibranchiates  which  are 
known  to  occur  in  the  fossil  condition. 

Sub-Order  I.  Decapoda. 

The  forms  included  in  this  sub-order  invariably  possess  an  in- 
ternal shell,  and  the  head  is  always  furnished  with  eight  equal 
"arms"  and  two  longer  "tentacles"  (fig.  804,  a).  The  mantle  is 
usually  furnished  with  lateral  or  terminal  fins,  and  the  suckers  of 
the  arms  are  pedunculate,  or  may  be  modified  into  horny  hooks. 

The  sub-order  is  subdivided  by  Fischer  into  the  three  following 
families  : — 

1.  Phragmophora. — Cuttle-fishes  in  which  the  skeleton  is  furnished 
with  a  "  phragmacone,"  or  chambered  portion,  in  which  a  siphuncle  is 
developed.    Ex.  Spirula,  Beleinnites . 

2.  Sepiophora. — Cuttle-fishes  in  which  the  skeleton  is  calcareous,  but 
there  is  either  no  phragmacone,  or  a  quite  rudimentary  one  without  a 
siphuncle.    Ex.  Sepia. 

3.  Chondrophora. — Cuttle-fishes  in  which  the  shell  has  the  form  of  a 
homy  "pen."    Ex.  Loligo. 

Section  A.  Phragmophora. 

In  this  section  the  shell  consists  of  a  "  phragmacone,"  with  or 
without  certain  accessory  structures.  The  phragmacone  (fig.  805) 
resembles  the  shell  of  the  Tetrabranchiates  in  consisting  of  a  succes- 
sion of  air-chambers  separated  by  shelly  partitions  or  "  septa,"  which 
are  perforated  by  a  "  siphuncle  "  ;  and  it  more  particularly  resembles 
the  shell  of  the  Ammonoid's  in  the  fact  that  the  "  protoconch  "  is 
inflated  and  is  provided  with  a  "  prosiphon."  The  skeleton  is,  how- 
ever, internal.,  and  possesses  also  other  peculiarities  which  are  not 
found  in  the  shell  of  any  of  the  Tetrabranchiates.  The  only  existing 
representative  of  this  section  is  the  genus  Spirula,  but  numerous 
fossil  forms  are  known.  The  Phragmophora  may  be  divided  into  the 
following  three  families  : — 
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Family  i.  SPiRULiDiE. — This  family  includes  only  the  recent 
genus  Spirilla  (fig.  IZI^c  and  d,  and  fig.  805),  in  which  the  shell  is 
reduced  to  the  phragmacone.  This  is  coiled  into  a  flat  spiral,  the 
coils  of  which  are  not  in  contact,  and  it  commences  in  an  inflated 
protoconch.  The  septa  between  the  successive  air-chambers  are 
concave ;  and  the  siphuncle  is  marginal,  and  is  placed  on  the  ventral 
or  concave  side  of  the  shell.  The  siphuncle  is  completely  enclosed 
within  a  series  of  septal  "  necks,"  which  are  directed  backwards,  and 
are  long  enough  to  reach  from  one  septum  to  another.  No  fossil 
representatives  of  the  genus  have  hitherto  been  recognised.  . 

Family  2.  BELEMNixiDiE. — In  this  family  the  shell  has  the  form 
of  a  conical  "  phragmacone,"  with  a  ventral  siphuncle  (fig.  806,  a), 
which  is  lodged  within  a  solid  fibrous  calcareous  sheath  or  "  guard  " 
(^),  and  which  has  its  dorsal  margin  prolonged  into  a  thin  horny  or 
shelly  plate  or  "  pro-ostracum  "  (^r),  corresponding  with  the  "  pen  " 


Fig.  806. — A,  Restoration  of  the  animal  of  the  Belemnlte ;  B,  Diagram  showing  the  complete 
skeleton  of  a  Belemnlte,  consisting  of  the  chambered  phragmacone  («),  the  guard  (Z^,  and  tlie  horny 
pen  (c)  ;  c,  Specimen  of  Belemniies  canaliculatus,  from  the  Inferior  Oolite.    (After  Phillips.) 

of  the  Chondrophora.  The  arms  in  the  Beletnnitidce  were  furnished 
with  booklets,  and  an  ink-bag  was  present.  The  members  of  this 
family  are  all  extinct,  and  range  from  the  Trias  to  the  Miocene 
Tertiary. 

The  most  important  genus  in  this  family  is  Belemnites  itself,  in 
which  the  portion  of  the  shell  most  commonly  preserved  is  the 
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subcylindrical,  conical,  or  fusiform  "  guard  "  or  "  rostrum."  At  its 
anterior  broad  extremity  the  "guard"  is  hollowed  out  into  a 

conical  excavation,  termed  the  "alveolus" 
(fig.  807,  a).  Within  the  alveolus,  in  well- 
preserved  specimens,  is  found  the  "  phrag- 
macone." This  (fig.  807,  /)  consists  of  a 
conical  series  of  chambers,  enclosed  in  a 
thin  proper  wall  (the  "  conotheca  "  of  Hux- 
ley), and  separated  from  one  another  by 
curved  shelly  partitions  or  "  septa,"  which 
are  perforated  by  apertures  for  the  passage 
of  the  "  siphuncle."  The  siphuncle  is  mar- 
ginal, and  traverses  the  middle  of  the  ven- 
tral wall  of  the  phragmacone.  The  outer 
or  anterior  chamber  of  the  phragmacone  is 
of  tolerably  large  size  ;  and  the  conotheca  is 
prolonged  forwards  on  its  dorsal  side  into  a 
horny  or  more  or  less  calcified  plate,  known 
as  the  "  pro-ostracum."  This  corresponds 
with  the  "pen"  of  the  ordinary  Cuttle- 
fishes, and  from  its  extreme  tenuity  is  never 
perfectly  preserved,  and,  indeed,  is  com- 
pletely wanting  in  the  great  majority  of 
specimens. 

The  "  guard  "  of  the  Belemnites  consists 
of  prismatic  calcareous  fibres,  which  are 
directed  perpendicularly  to  the  surface,  and 
radiate  in  all  directions  from  an  axial  line, 
which  is  not  strictly  central,  but  is  some- 
what nearer  the  ventral  than  the  dorsal  side. 
The  growth  of  the  guard  is  effected  by  the 
deposition  of  successive  conical  layers  or 
sheaths,  which  are  secreted  over  the  entire 
surface,  but  are  thickest  behind,  and  become 
gradually  attenuated  in  front.  The  surface 
of  the  guard  is  smooth ;  or  may  be  wholly 
or  partially  granulated  or  wrinked  ;  or,  again, 
may  be  marked  with  branched  vascular  im- 
pressions, which  are  especially  conspicuous 
on  the  ventral  side.  In  many  cases  a  well- 
marked  groove  —  the  "ventral  furrow" — 
runs  from  the  edge  of  the  alveolus  backwards  on  the  ventral  side, 
extending  for  a  short  distance  only,  or  reaching  to  the  point  of  the 
guard  (fig.  806,  c).  In  many  cases  the  apical  portion  of  the  guard 
shows  two  symmetrical  grooves — the  "  dorso-lateral  grooves" — which 


Fig.  807. — Diagram  of  Belem- 
nite  (after  Professor  Phillips). 
r,  Horny  or  shelly  pen  or 
"  pro  -  ostracum  "  ;  p,  Cham- 
bered "  phragmacone  "  in  its 
cavity  or  "alveolus"  (a);  g, 
"  Guard  " 
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diverge  slightly  and  become  shallower  as  they  extend  forwards,  and 
which  mark  the  dorsal  side  of  the  shell. 

Between  three  and  four  hundred  species  of  the  genus  Belenmites 
are  known,  the  maximum  development  of  the  group  taking  place  in 
the  Jurassic  rocks.  The  oldest  forms  appear  in  the  Lower  Lias,  and 
the  last  in  the  Chalk,  but  the  genus  appears  to  have  wholly  died  out 
with  the  close  of  the  Cretaceous  period. 

According  to  Zittel,  the  following  sections  of  the  genus  Belemnites 
may  be  recognised  : — 

1.  Guard  conical,  with  two  or  three  apical  grooves,  but 
without  a  "  ventral  furrow  "  or  "  dorso-lateral  grooves."  {Ex.  B.  acuarius, 
Upper  Lias.) 

2.  Canaliculati. — Guard  elongated,  conical,  or  fusiform,  with  a  deep 
"  ventral  fun-ow."    {Ex.  B.  canaliculatus.  Inferior  Oolite,  fig.  806,  C.) 

3.  Clavaii. — Guard  elongated,  more  or  less  clavate  posteriorly,  without 
a  "  ventral  furrow,"  but  with  well  -  marked  lateral  grooves.  {Ex.  B. 
clavatus,  Lias.) 

4.  Bipartiti. — Guard  slender,  cylindrical,  with  or  without  a  "  ventral 
furrow,"  but  with  deep  "  dorso-lateral  grooves."  {Ex.  B.  bipartiius, 
Neocomian.) 

5.  Hastati. — Guard  elongated,  narrower  in  front,  thicker  behind,  and 
terminating  in  a  point  posteriorly.  A  deep  "ventral  furrow"  is  present, 
together  with  shallow  lateral  grooves.    {Ex.  B.  hastatus,  Oxford  Clay.) 

6.  Connphori. — Guard  conical,  pointed  behind.  No  ventral  furrow  is 
present,  but  a  corresponding  furrow  proceeds  from  the  edge  of  the 
alveolus  backwards  on  the  dorsal  aspect  of  the  shell. 
Lateral  grooves  are  wanting  or  feebly  developed.  {Ex. 
B.  conophorus,  Neocomian.) 

7.  Dilatati. — Guard  short,  laterally  compressed,  flat- 
tened or  four-sided.  A  dorsal  furrow,  as  in  the  preced- 
ing group,  is  present,  and  the  lateral  grooves  are  more 
or  less  developed.    {Ex.  B.  dilatatus,  Neocomian.) 

Closely  allied  to  Belemnites  proper,  and  probably 
not  generically  separable,  are  the  forms  included 
under  the  name  of  Beleimiitella.  In  these  types 
(fig.  808)  the  guard  is  cylindrical,  with  a  short 
pointed  mucro  behind.  Two  diverging  dorso-lateral 
lines  exist  on  each  side ;  and  there  is  a  slit-like 
ventral  furrow,  which  begins  at  the  margin  of  the 
alveolus,  but  does  not  reach  the  hinder  end  of 
the  same.  The  ventral  side  of  the  guard  shows 
very  well-marked  vascular  impressions.  The  known 
species  of  Bekftinitella  are  confined  to  the  Upper  Cretaceous  rocks. 

The  most  ancient  type  of  the  BelemnitidcE.  is  the  genus  Aulaco- 
ceras,  which  is  found  in  the  Upper  Trias  of  the  Alps.  In  this 
genus  the  guard  is  elongated  and  clavate  in  form,  with  a  deep 
lateral  groove  on  each  side.  The  phragmacone  is  at  least  twice 
as  long  as  the  guard,  and  slowly  increases  in  width  anteriorly. 


B'ig  SoS.—Bc/cm- 
nitella  viucroiiata. 
Chalk. 
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The  siphuncle  is  marginal,  enclosed  in  a  calcareous  sheath  and 
contracted  where  it  pierces  the  successive  septa.  Atractites,  also 
from  the  Alpine  Trias,  differs  from  Aulacoceras  chiefly  in  the'  want 
of  lateral  furrows. 

In  the  singular  genus  Xiphoteuthis,  of  the  Lower  Lias,  the  guard 
IS  cylindrical ;  the  phragmacone  is  greatly  elongated,  and  increases 
very  slowly  in  width ;  and  there  is  a  narrow  "  pro-ostracum,"  which 
is  at  least  five  times  as  long  as  the  guard. 

In  the  Tertiary  rocks,  the  family  of  the  Belemnitida  is  represented 
by  the  genera  Belemnosis,  Beloptera,  and  Spirulirostra.  The  only 
known  species  of  Belemnosis  is  found  in  the  Eocene  rocks  (London 
Clay),  and  has  a  short  obtuse  guard,  with  a  terminal  pore.  The 
phragmacone  has  horizontal  septa  and  a  marginal  siphuncle.  The 
genus  Beloptera  is  also  known  by  a  single  species  only,  and  likewise 
occurs  in  the  Eocene  rocks.  In  this  curious  type  the  shell  consists 
of  two  conical  segments  joined  point  to  point,  and  further  united 
by  wing-hke  lateral  expansions.  The  posterior  portion  of  the 
skeleton  represents  the  guard,  while  the  phragmacone  is  lodged  in 
the  anterior  portion. 

Lastly,  in  the  genus  Spirulirostra  (fig.  809)  the  skeleton  consists 
of  a  triangular,  pointed  guard,  which  is  hollowed  out  in  front  for  the 


Fig.  809. — Spirulirostra  Bellardii.    Miocene  Terliary. 


reception  of  a  chambered  portion  or  phragmacone.  This  latter  is 
spirally  bent,  and  the  septa  are  pierced  along  its  concave  or  ventral 
side  by  a  marginal  siphuncle.  The  only  known  species  of  Spiruli- 
rostra is  found  in  the  Miocene  deposits  of  Italy. 

Family  3.  BELEMNOXEUTHiDiE. — In  this  family  the  skeleton  is 
internal,  and  resembles  that  of  the  Bele?mntidcB  in  consisting  of  a 
"  guard,"  a  chambered  "  phragmacone,"  and  a  thin  shelly  "  pro- 
ostracum."    The  guard  is,  however,  reduced  to  a  thin  calcareous 
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layer,  which  invests  the  conical  phragmacone.  The  members  of 
this  family  are  confined  to  the  Upper  Trias  and  the  Jurassic  rocks, 
and  the  principal  genus  is  Belemnoteuthis  (fig.  8 1  o)  itself.  In  the 
Oxford  Clay,  specimens  of  Belemnoteuthis  have  been  found  in  which 
the  outline  of  the  soft  parts  has  been  more  or  less  perfectly  pre- 
served. From  these  it  is  known  that  the  animal  had  eight  arms, 
with  two  "  tentacles,"  furnished  with  horny  hooks.  The  hinder  end 
of  the  body  was  furnished  with  terminal  fins ;  and  there  was  a  large 
ink-sac  situated  a  little  in  front  of  the  phragmacone.  The  phragma- 
cone itself  seems  to  have  reached  to  nearly  one-third  of  the  length 
of  the  body. 

Section  B.  Sepiophora. 


In  this  section  of  the  Decapods  the  skeleton  is  internal  and  is 
calcareous,  consisting  of  a  well-developed  "  pro-ostracum,"  termin- 


teuthis,  from  the  Oxford  Clay.  (After  D'Orljigiiy.) 

ating  posteriorly  in  a  rudimentary  phragmacone  and  rostrum.  No 
siphuncle  is  developed. 

The  type  of  this  section  is  the  existing  genus  Sepia,  in  which  the 
shell  ("sepion"  or  "  sepiostaire ")  consists  of  an  elongated,  oval, 
calcareous  "pro-ostracum"  (fig.  811,/),  which  is  rounded  in  front, 
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and  terminates  posteriorly  in  small  pointed  "  mucro "  {m).  The 
front  portion  of  the  mucro  is  hollowed  out,  and  contains  a  rudimen- 
tary "  phragmacone,"  in  which,  however,  a  "  siphuncle "  is  wholly 
wanting.  The  pro-ostracum  forms  the  largest  portion  of  the  shell 
and  is  thickened  in  front  and  concave  on  its  inner  side  behind! 
The  convex  dorsal  side  is  formed  of  two  strata  of  comparatively 
dense  calcareous  tissue,  partially  separated  by  a  chitinous  lamella. 
The  concave  inner  side,  on  the  other  hand,  is  formed  of  a  large 
number  of  delicate  parallel  calcareous  plates,  which  are  not  in  con- 
tact, but  are  united  by  vertical  pillars,  giving  rise  to  a  spongy  tissue, 
the  spaces  of  which  are  filled  by  gases  secreted  by  the  animal.  The 
rudimentary  phragmacone  is  imperfectly  chambered,  and  the  minute 
"mucro"  is  the  representative  of  the  "guard"  of  the  Belemnites. 

A  few  fossil  types  of  Sepia  are  known,  the  oldest  appearing  in  the 
Eocene  deposits.  In  the  Eocene  genus  Belosepia  the  "  sepion  "  is 
like  that  of  Sepia,  and  has  a  short,  slightly  bent  rostrum.  Internally 
the  rostrum  is  hollowed  out  for  the  reception  of  a  chambered  phrag- 
macone, and  on  the  inner  side  of  this  is  an  oblique  funnel-shaped 
cavity,  which  is  regarded  by  Munier-Chalmas  as  representing  the 
siphuncle.  Anteriorly  the  rostrum  is  continued  into  a  calcareous 
pro-ostracum,  the  dorsal  surface  of  which  is  rugose. 


Section  C.  Chondrophora. 


In  this  section  of  the  Decapods  the  skeleton  is  internal,  and  has 
the  form  of  a  long,  thin,  pointed  or  feather-shaped  "  pen,"  which  is 
not  calcified,  or  only  partially  so,  but  is  composed 
of  a  horn-like  substance  ("  conchiolin  "). 

This  section  includes  a  large  number  of  the 
commoner  Cuttle-fishes  of  the  present  day,  such 
as  the  familiar  Calamaries  {Loligo,  fig.  804). 
Various  fossil  forms  are  also  known  from  the 
Jurassic  and  Cretaceous  rocks,  the  "  pens  "  of 
these  being  often  accompanied  by  the  remains 
of  the  ink-sac.  The  fossil  "  pens  "  consist  gen- 
erally partly  of  horny  and  partly  of  calcified  la- 
mella, and  some  of  them  attain  a  considerable 
size.  A  number  of  genera  have  been  founded 
upon  these  fossil  pens,  such  as  Phylloteuthis,  Belo- 
teuthis  (fig.  812),  Geoteuthis,  Leptoteuthis,  Plesio- 
ieuihis,  &c. ;  but  the  differential  characters  of  these 
are  not  of  sufficient  importance  to  require  discus- 
sion here.  In  some  of  these  types,  as  in  Plesioteu- 
this,  the  pen  is  very  long  and  sword-shaped,  and  is  without  lateral 
wings.     More  commonly,  as  in  Beloteuthis  (fig.  812),  the  pen  is 


Fig.  8 1 2.  — Beloteu- 
this suhcostata.  Ju- 
rassic (Lias). 
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more  or  less  feather-shaped,  and  consists  of  a  central  shaft  bordered 
by  lateral  wings.  In  some  cases,  as  in  Leptoteuthis  and  Plesioteuthis, 
the  actual  impression  of  the  body  of  the  animal  is  preserved,  and 
from  such  examples  it  is  known  that  the  arms  were  not  furnished 
with  horny  hooks. 

Sub-Order  II.  Octopoda. 

The  forms  included  in  this  section  of  the  Dibranchiates  are  char- 
acterised by  the  possession  of  eight  equal  arms,  the  internal  skeleton 
being  rudimentary  or  absent.  The  suckers  of  the  arms  may  be 
modified  into  horny  booklets.  In  the  female  of  the  Paper  Nautilus 
{Argonai(ia)  the  two  dorsal  arms  are  widely  expanded,  and  secrete 
a  delicate  calcareous  external  shell,  which  is  not  connected  by 
muscles  with  the  body  of  the  animal.  The  shell  of  the  female  Ar- 
gonaut is  one-chambered,  spirally  coiled  and  involute,  its  external 
border  being  keeled,  and  its  surface  tuberculated.  The  genus  is 
represented  in  the  Pliocene  Tertiary  by  one  or  two  species,  and 
several  living  forms  are  known. 

According  to  von  Zittel,  the  genus  Acanthoteuthts  is  founded  upon 
the  remains  of  an  Octopod  Cuttle-fish  preserved  in  the  fine-grained 
Lithographic  Limestone  (Jurassic)  of  Solenhofen,  and  showing  the 
form  of  the  body  and  the  outline  of  the  arms,  the  latter  carrying 
each  two  rows  of  falciform  horny  hooks. 
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ADDENDA  ET  CORRIGENDA  TO  PART  III. 


Page  901,  line  13  from  bottom,  >r  "  Weinsheimer "  read  "Wieders- 
heim." 

II     912,  line  2  from  io^.for  "  Teleotomi "  read  "  Teleostomi." 

II      928,  line  17  from  top,  for  "  Hypocladodus  "  read  "  Ilydoc/adodjis." 

II      928,  line  8  from  bottom, >r  "  Scilliida:  "  read  "  ScylludcB." 

II      944.  Carcharopsis  is  identical  with  Dicrenodus  (p.  928). 

II     945,  line  6  from  bottom,  before  "  no  basal  "  add  "  usually." 

Ti  951.  Myriacajithus  has  recently  been  made  the  type  of  a  distinct 
family — the  Myriacanthida  (see  Appendix). 

II  955.  Ceratodus  has  recently  been  recorded  from  the  Stormberg 
beds  of  the  Karoo  system  of  S.  Africa. 

ti      965.  Pnigeaca?tihus  is  identified  with  Oracanthus  (p.  947). 

II      966,  line  1 1  from  top,  before  "  very  minute  "  add  "  usually." 

M     966,  line  5  from  bottom,  dele  "  minute." 

II      967,  line  4  from  top,  for  "  Carboniferous  "  read  "  Devonian." 

II      969,  line  9  from  top,  de/e  "  and  Carboniferous." 

II      971,  fig.  90s,  for  "  Heberti"  read  "  Hibberti." 

II  978.  Palaotiiscus  occurs  in  the  Stormberg  beds  of  the  Karoo  sys- 
tem of  S.  Africa  ;  and  from  the  underlying  Beaufort  beds  a  fish 
allied  to  Rhabdolepis  has  lately  been  described  as  Atherstonia. 

II  979.  The  name  "  Platysomidce  "  should  be  amended  to  "  Platyso- 
matidcR." 

II  988,  line  22  from  bottom,  dele  "as  in  Belonorhync/nts."  The 
genus  Beloiiorhytichus  has  recently  been  described  from  the 
Australian  Hawkesbury  beds  ;  while  Belonostomtis,  or  a  closely 
allied  form,  is  recorded  from  the  Lameta  Cretaceous  of  India. 

II  989.  Hypsicormjis  has  been  recently  described  from  the  Oxford 
Clay,  and  Eurycormtis  from  the  Kimeridge  Clay  of  England. 

II  1004,  line  20  from  bottom,  for  "  Saurinichthys"  read  "  Taiirinich- 
ihys:' 

11  1033.  A  species  of  Bothriceps  has  been  recently  recorded  from  the 
Karoo  system  of  S.  Africa. 


ADDENDA  ET  CORRIGENDA  TO  PART  III.  xi 

Page  1035.  The  name  Platyops  being  preoccupied,  may  be  changed  to 
Platyoposaurus.  The  genus  should  apparently  be  included  in 
the  ArchegosauridcB,  since  the  vertebrae  are  described  as  rhach- 
itomous. 

II  1036.  Capitosaiirus  also  occurs  in  the  Bunter.  The  superiority  of 
size  of  Capitosaiirus  over  Trcmatosaiiriis  renders  it  more  prob- 
able that  the  former  is  the  same  as  Chirosaurus  (p.  1039). 

II  1036,  1037.  The  alleged  occurrence  of  Mastodonsaicriis  giganteiis 
and  Metopias  in  the  Rhsetic  i-ests  on  insufficient  evidence.  The 
latter  genus  is  stated  to  have  been  recorded  from  the  Conti- 
nental instead  of  the  British  Rhastic. 

II  1041,  bottom  line,  dele  "  and  may  not  improbably  be  identical  with 
ChelotritonP 

II  1043,  line  8  from  top,  for  "  each  "  read  "  hind,"  and  for  "  pes  " 
read  "same."  Alytes  occurs  in  the  Miocene  of  Sausan  {Rana 
Troscheli).  Lato7iia  (p.  1044),  according  to  Cope,  is  not  allied 
to  Ceratophrys,  but  belongs  to  the  DiscoglossidcB j  it  also 
occurs  in  the  Sausan  Miocene.  The  Palceobatrachidce  appear 
to  connect  the  Pelobatidce  with  the  Aglossa,  as  represented  by 
the  DactylethridcB,  or  Xenopodidce  as  they  should  properly  be 
called, — Dactylethra  being  a  synonym  of  Xenoptis. 

II  1044.  The  name  Cystignathida  should  be  replaced  by  Leptodacty- 
lidcE,  Cystignathus  being  a  synonym. 

II    1057,  line  8  from  top,  before  "  characterised  "  add  "  typically." 

11    1057,  hne  17  from  top,  before  "  African  "  add  "  typical." 

II  1058-61.  Additional  characters  of  many  of  the  genera  are  given  in 
the  Appendix. 

II    1059,  line  4  from  to^,  for  "  divided  "  read  "  undivided." 

II    1059,  line  7  from  top,  for  "  single  "  read  "  double." 

II    1 108.  Ocadia  \s  distinct  from  Palceoc/ielys.    See  Appendix. 

II  1 1 17,  line  10  from  bottom,  the  name  "  Cyclanorbina  "  may  be  sub- 
stituted for  "  £7nydmce,"  since  the  latter  is  preoccupied. 

II  1 126.  Since  Ic/ttkyosaurtis p/aiyodon  differs  from  all  other  species 
of  Ichthyosaurus  by  the  smooth  and  carinated  crowns  of  its 
teeth  (fig.  1028),  it  appears,  on  the  whole,  advisable  to  regard  it 
as  the  type  of  a  distinct  genus,  for  which  the  name  Tevmodonto- 
saicrus  is  proposed. 

M  1 139.  Rhaphiosaurus  proves  to  be  founded  upon  part  of  a  jaw  of 
Pachyrhizodus  (p.  993). 

'I    1 176,  line  2  from  top,  for  "  Kimeridgian  "  read  "  Portlandian." 

«    1 179,  hne  18  from  top,  after  "  species  "  add  "  of  the  former." 

II    1264,  fig.  1 130.  A  is  a  skull  of  Mam's,  and  not  Echidna,  as  stated. 

II    1372,  lines  16, 1 7,  from  top,  for  " Litnnotheritwt "  read  " IJtmwhyus." 
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The  Vertebrate!,  or  highest  types  of  the  entire  animal  kingdom,  are 
distinguished  as  a  whole  from  all  the  preceding  sub-kingdoms  (col- 
lectively designated  as  the  Invertebrata)  by  the  general  presence  of 
an  internal  skeleton,  and  more  especially  of  a  cylindrical  longitudinal 
axis,  termed  the  notochord,  which  is  usually  replaced  in  the  adult 
by  a  series  of  cartilaginous  or  bony  segments  collectively  constitut- 
ing the  vertebral  column.  This  axis,  or  column,  separates  the  smaller 
dorsal  or  neural  tube  of  the  body  from  the  larger  ventral  or  visceral 
(hsemal)  tube ;  and  the  body  itself,  together  with  its  appendages,  is 
always  symmetrical  to  this  axis,  and  is  never  externally  divided  into 
segments.  Limbs  may  be  completely  wanting,  but  when  present 
they  never  exceed  two  pairs,  and  are  always  turned  away  from  the 
dorsal  or  neural  aspect  of  the  body. 

That  the  Vertebrata  have  been  derived  from  the  Invertebrata  at 
an  extremely  early  epoch  of  the  earth's  history  is  practically  certain  ; 
and,  although  we  are  unable  to  point  to  the  direct  ancestors  of  the 
sub-kingdom,  yet  we  have  an  inkling  of  this  relationship  exhibited 
by  the  presence  of  a  notochordal  structure  in  the  earlier  stages  of 
the  Ascidians,  while  there  are  also  certain  features  in  the  organisa- 
tion of  the  Annelids  suggestive  of  their  being  allied  to  the  primitive 
stock  whence  the  Vertebrates  took  their  origin.  Since,  however,  it 
is  probable  that  these  primitive  types  were  soft  animals,  it  is  unlikely 
that  any  light  will  be  thrown  on  the  origin  of  Vertebrates  by  means 
of  Palaeontology ;  and  if  the  problem  is  ever  to  be  solved  it  will  be 
by  the  aid  of  Embryology. 


SUB-KINGDOM  VERTEBRATA. 

Leaving  then  the  origin  of  Vertebrates  as  an  unsolved  problem, 
in  the  solution  of  which  the  palseontologist  can  have  but  little  share' 
we  may  proceed  to  a  brief  survey  of  the  classification  and  chief 
structural  features  of  the  Vertebrate  sub-kingdom,  so  far  as  they  con- 
cern the  palaeontologist. 

For  this  purpose  the  sub -kingdom  may  be  divided  into  five 
classes  i— viz.,  Pisces  or  Fishes,  Amphibia  or  Amphibians,  Reptilia 
or  Reptiles,  Aves  or  Birds,  and  Mammalia  or  Mammals — of  which 
some  of  the  more  important  features,  from  the  point  of  view  of  the 
palaeontologist,  will  be  mentioned  under  these  respective  heads. 

The  first  and  second  classes  have  been  brigaded  together  by  Pro- 
fessor Huxley  under  the  name  of  Ichthyopsida,  and  the  third  and 
fourth  as  Sauropsida ;  and  these  terms  will  frequently  be  found 
convenient.  Other  writers,  again,  from  the  absence  or  presence  of 
certain  structures  during  the  course  of  development,  group  together 
the  two  first  classes  as  Anamniota  (Anallantoidea,  or  Branchiata), 
and  the  remaining  three  as  Amniota  (Allantoidea,  or  Abranchiata). 

Since  the  hard  parts  of  Vertebrates  are  those  with  which  alone 
the  student  of  Palaeontology  usually  has  to  deal,  it  will  generally  be 
unnecessary  in  this  work  to  make  any  allusion  to  the  soft  parts  of 
the  body.  With,  regard,  however,  to  these  hard  portions,  it  is  ad- 
visable to  give  an  extremely  brief  sketch  of  the  more  important 
elements  of  the  Vertebrate  endo-  and  exoskeleton  for  the  benefit  of 
those  readers  who  are  unacquainted  with  the  elements  of  Compara- 
tive Osteology.  It  must,  however,  be  distinctly  understood  by  all 
who  desire  to  practically  study  the  history  and  structure  of  extinct 
Vertebrates,  that  it  is  absolutely  essential  they  should  have  that 
thorough  knowledge  of  the  osteology  of  the  recent  members  of  the 
sub-kingdom  which  can  only  be  gained  by  familiarity  with  actual 
specimens,  accompanied  by  patient  and  laborious  study  of  the 
numerous  works  on  the  subject.  The  following  sketch  is,  indeed, 
merely  sufficient  to  enable  the  reader  to  understand  the  meaning  of 
the  terms  employed  in  the  sequel ;  and  throughout  the  Vertebrata 
the  limits  of  this  work  will  necessarily  permit  of  only  some  of  the 
more  salient  features  of  the  skeleton  of  the  various  groups  being 
mentioned.  It  may  also  be  observed  that  those  groups  which  have 
wholly  disappeared,  or  of  which  the  palseontological  and  evolutionary 
history  is  of  especial  interest,  are  more  fully  treated  of  than  those 
more  or  less  exclusively  confined  to  the  later  or  present  epochs,  and 
of  which  the  history  is  fully  recorded  in  those  works  to  which  the 
term  "  Natural  History  "  is  usually  restricted.  In  the  majority  of 
instances,  again,  space  does  not  permit  of  allusion  to  species  ;  but 

^  A  sixth  class  — Leptocaidii —  is  formed  for  the  reception  of  the  Lancelet 
(Amphioxus),  with  which  the  palceontologist  has,  unfortunately,  no  concern,  as 
its  past  history  is  a  blank. 
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in  the  case  of  very  large  genera,  where  the  species  differ  consider- 
ably in  essential  characters,  attention  is  in  some  instances  directed 
to  the  more  important  specific  types.  The  student  must  not,  more- 
over, expect  to  find  that  every  known  genus  of  fossil  Vertebrates,  or 
even  every  family,  is  mentioned  in  the  following  chapters,  of  which 
the  object  is  to  enable  him  to  gain  a  fair  general  knowledge  of  the 
past  history,  distribution,  and  leading  structural  features  of  the  best 
known  groups  of  the  various  classes. 

Commencing  with  the  outer  skeleton  or  exoskeleton  it  may  be 
observed  that,  as  a  rule,  the  palaeontologist  has  but  little  to  do  with 
structures  developed  in  the  epidermis,  or  layer  overlying  the  true 
skin  or  dermis,  since  these  generally  perish  during  the  process  of 
petrifaction.  The  scales  of  Lizards  belong,  however,  to  this  layer, 
and  their  impressions  are  in  some  instances  preserved ;  while  in  the 
Chelonia  the  boundaries  of  the  horny  shields,  covering  the  bony  shell, 
are  in  some  instances  the  most  important  characters  by  which  fossil 
specimens  can  be  determined.  Occasionally,  again,  as  in  the  Solen- 
hofen  Archaopteryx,  the  feathers  of  Birds  have  left  their  impression 
in  rocks  of  which  the  material  is  of  a  fine-grained  structure ;  while 
still  more  rarely,  as  in  the  bony  covering  of  some  Glyptodonts,  pits 
from  which  hairs  or  bristles  once  grew  are  preserved  in  a  fossil 
state. 

The  dermal  exoskeletal  structures  are  of  considerably  more  im- 
portance from  a  palseontological  point  of  view ;  and  it  should  be 
observed  that  in  nearly  all  the  classes  there  appears  to  have  been  a 
gradual  tendency  to  the  disappearance  of  the  bony  elements  of  this 
skeleton  in  the  higher  forms,  this  being  especially  marked  in  the 
case  of  Fishes.  In  the  latter  class  the  scales  of  all  types,  of  which 
fuller  mention  will  be  made  in  the  sequel,  belong  to  the  dermis, 
and  in  some  forms  there  may  be  a  complete  dermal  armour  formed 
of  imbricating  scutes,  as  in  Callichthys  among  the  Siluroids,  or,  as  in 
the  Coffer-fishes  {Osiracion),  consisting  of  calcified  scutes  with  their 
edges  in  apposition.  Apparently  the  most  primitive  type  of  dermal 
armour  in  this  class  consists  of  small  denticules  supported  on  bony 
plates,  and  it  has  been  found  that  such  denticules  are  absolutely 
homologous  with  true  teeth,  of  which  we  shall  speak  presently. 
The  hony  fin-rays'^  ^nd  fifi-spines  of  Fishes  are  another  development 
of  the  dermal  skeleton,  which  will  be  noticed  under  the  head  of 
that  class ;  although  it  may  be  observed  here  that  many  of  the 
latter  are  closely  allied  in  structure  to  teeth.  Again,  the  dermal 
skeleton  m  many  extinct  Amphibians  and  Reptiles  takes  the  form 
of  a  more  or  less  complete  armour,  either  on  the  ventral  or  the 
dorsal,  and  not  unfrequendy  on  both  aspects  of  the  body,  con- 

the  Mdo^sVdJton'  fin-rays  must  not  be  confounded  with  the  radial  cartilages  of 
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structed  of  solid  bony  scutes,  which  may  imbricate  or  overlap  one 
another,  like  the  tiles  on  a  roof,  or  may  be  firmly  united  at  their 
edges  by  sutural  union.  Such  an  armour  may  also  develop  enor- 
mous bony  spines,  often  attached  to  the  skin  by  an  expanded  base 
which  represents  the  scutes.  In  the  latter  class,  again,  the  bony 
shells  of  the  Testudinate  Chelonia  are  formed  partly  of  dermal 
elements,  blended  with  others  belonging  to  the  endoskeleton  to 
form  a  continuous  whole ;  while  in  the  Athecate  division  of  the 
same  order  the  whole  of  the  protective  armour  is  of  dermal  origin. 

The  so-called  membrane  bones  of  the  skull,  and  the  clavicular 
portions  of  the  pectoral  girdle,  are  likewise  of  dermal  origin,  and 
therefore  properly  belong  to  the  exoskeleton ;  but  their  intimate 
connection  with  cartilage  bones  renders  it  more  convenient  to  con- 
sider them  with  the  endoskeleton. 

Teeth,  as  belonging  to  the  list  of  dermal  structures,  may  be  con- 
veniently noticed  here ;  and  the  importance  of  these  organs  to  the 
palaeontologist  can  scarcely  be  overrated,  since  from  their  extreme 
density  they  are  more  often  preserved  in  a  perfect  condition  than 
most  other  parts  of  the  skeleton,  and  thus  frequently  form  the  only 
safe  guide  to  the  affinities  of  an  extinct  type.  Teeth  are  composed 
of  two  or  more  earthy  constituents,  varying  in  their  structure,  and 
the  amount  of  animal  matter  contained  in  them.  The 
most  important  element  is  that  known  as  dentine  (fig. 
813,  d),  which  forms  the  greater  portion  of  the  body 
of  most  teeth,  and  consists  structurally  of  extremely 

IwA  minute  tubes,  cells,  and  earthy  particles.  Some  den- 
tine  is  devoid  of  blood-vessels ;  but  in  other  cases  it 
a  is  permeated  by  the  latter,  when  it  is  known  as  vascu- 
I  lar,  or  vaso-dentine ;  and  both  these  structures  may  exist 
"  t  in  a  single  tooth.  In  young  teeth  (fig.  813)  the  centre 
-t  /i''  of  the  dentine  mass  is  occupied  by  the  vascular  pulp- 
cavity  ipc),  which  is  open  at  the  base ;  but  in  the  adult 
this  cavity  is  often  totally  obliterated,  by  the  formation 
of  what  is  known  as  osteo-dentine,  which  is  a  kind  of 
vascular  dentine  passing  imperceptibly  into  the  structure 
of  true  bone.  The  second  primary  constituent  is  the 
enamel  {c),  which,  when  present,  immediately  overlies 
the  dentine  of  the  crown,  or  exposed  portion  of  the 
tooth,  and  is  the  hardest  known  animal  substance ; 
it  is  composed  of  extremely  minute  prismatic  fibres, 
generally  running  at  right  angles  to  the  outer  surface 
of  the  tooth.  This  substance  is  the  least  constant 
element  in  teeth,  although  it  is  very  generally  present 
in  those  of  Mammals  ;  among  the  Reptiles  it  is  entirely  wanting  in 
the  Ophidian  Squamata,  but  is  present  in  the  Crocodilia.  The 


Fig.  813. — Dia- 
grammatic verti- 
cal section  of  a 
tooth,  c,  Cement; 
(i.  Dentine  ;  c, 
Enamel ;  pc,  Pulp- 
cavity. 
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third  constituent,  usually  known  as  cevmit  (fig.  813,  e),  but  occasion- 
ally as  crusta  petrosa,  is  the  most  external  of  the  thr^e  :  in  some 
instances,  as  in  fig.  813,  it  is  confined  to  the  root,  or  embedded 
portion  of  the  tooth,  where  it  consequently  comes  into  immediate 
contact  with  the  dentine ;  but  in  other  cases  it  is  found  overlying 
the  enamel  of  the  crown,  and  in  others  again,  where  the  enamel  is 
wanting,  it  forms  the  main  covering  of  the  crown,  as  in  the  teeth 
of  the  Edentate  Mammals.  The  cement  is  always  traversed  by 
vascular  canals ;  and  its  structure  is  very  similar  to  that  of  bone, 
although  only  occasionally  presenting  all  the  peculiarities  of  the 
latter. 

True  teeth  are  generally  confined  to  the  mouth  and  pharynx,  but 
they  may  be  situated  on  many  of  the  bones  of  the  former,  and  their 
mode  of  attachment  varies  from  a  simple  anchylosis  to  the  under- 
lying bone,  to  implantation  in  distinct  sockets.  The  simplest  forms 
of  teeth  are  small  granular  bodies,  like  the  minute  ossifications 
already  mentioned  as  occurring  in  the  skin  of  certain  Fishes ;  while 
those  of  the  most  complex  structure  are  to  be  found  in  certain  Fishes 
{Dendrodiis),  in  the  Labyrinthodont  Amphibians,  and  among  Mam- 
mals in  the  Edentate  genus  Orycteropus  and  many  Rodents  and 
Ungulates.  Except  in  forms  where  all  are  alike,  as  a  general 
rule  the  teeth  at  the  anterior  extremity  of  the  jaws  are  more  or 
less  simple,  while  there  is  a  gradual  increase  in  their  complexity 
towards  the  opposite  end,  and  in  most  cases  the  lower  teeth  are 
narrower  and  more  elongated  in  an  antero-posterior  direction  than 
the  upper  ones. 

The  importance  of  teeth  to  the  palaeontologist  as  a  means  of 
determining  the  affinities  of  fossil  forms  has  been  already  mentioned  ; 
but  in  many  cases  their  evidence  must  be  supplemented  either  by 
that  of  other  remains,  or  of  the  geological  horizon  whence  they  were 
obtained  ;  since  otherwise  serious  error  may  result.  Thus,  the  teeth 
of  the  Dinosaurian  Megalosaurus  present  a  strong  resemblance  to 
some  of  those  of  the  Mammalian  Macharodiis ;  while  the  front  teeth 
of  some  Sparoid  Fish  approximate  to  those  of  the  Primates  ;  and  the 
lower  hinder  teeth  of  the  Kangaroos,  of  the  Dinothere  among  the 
Proboscidea,  and  of  the  Tapir-like  animals  in  the  Perissodactyla,  are 
all  singularly  alike  in  form.  Another  fertile  source  of  error  to  be 
guarded  against  is  the  great  difference  in  the  form  of  the  teeth  from 
different  regions  of  the  mouth. 

For  the  microscopic  structure  of  teeth  and  their  mode  of  develop- 
ment, the  student  must  refer  to  other  works ;  but  a  large  number 
of  the  more  important  types  of  dental  structure  will  be  found  noticed 
in  the  course  of  the  following  pages. 

By  far  the  greater  number  of  adult  Vertebrates  possess  a  solid 
inner,  or  endoskekton,  composed  of  bone  (into  the  nature  of  which 
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solid  structures  formed  by  calcifications 
in  the  cartilage,  which  are  quite  distinct 
from  true  bone.    This  endo.skeleton  may 
be  divided  into  an  axial  portion,  or  that 
-   of  the  head,  trunk,  and  tail ;  and  an  ap- 
petidicular  portion  supporting  the  limbs  ; 
the  relations  of  the  two  being  shown  in 
fig.  814.    The  anterior  part  of  the  axial 
skeleton  is  formed  by  the  skull  (of  which 
we  shall  speak  later);  and  this  is  suc- 
ceeded posteriorly  by  the  vertebral  column, 
typically  composed  of  a  number  of  seg- 
ments, known  as  vertebrce,  placed  in  the 
middle  line  of  the  dorsal  side  of  the 
body,  and  continuing  from  the  head  to 
the  extremity  of 
the    tail.  This 
column  is  devel- 
oped round  a  rod- 
like axis  known 
as  the  notochord. 
In  certain  of  the 
lower  forms  the 
latter  may  persist 
throughout  life, 
and   may  either 
simply    have  a 
fibrous  or  carti- 
laginous sheath, 
or  may  have  cal- 
cifications, or  car- 
tilages, in  either  the  dorsal  or  ventral  por- 
tion ;  and  there  is  a  complete  transition 
from  such  a  primitive  type  of  column 
to  that  of  the  more  specialised  types  in 
which   the  vertebras  are  fully  ossified. 
There  is  an  enormous  amount  of  variation 
in  the  structure  of  the  vertebras  of  differ- 
ent groups,  and  even  in  the  different 
regions  of  the  body  of  a  single  animal, 
but  there  is  one  general  plan  pervading  them  all.    Thus  a  typical 
vertebra  (fig.  815)  consists  of  a  basal  portion,  or  centrum,  which 
may  be  either  disk-like  or  more  or  less  elongated.    Its  posterior 


Fig.  815. — Left  lateral  view 
of  an  imperfect  amphiccelous 
dorsal  vertebra  of  a  Dicynodont 
Reptile.  s/>.  Neural  spine 
(broken) ;  pz,  Prezj'gapophy- 
sis  ;    pS-3,   Postzygapophysis  ; 

Transverse  process  (broken) ; 
cp,  J{//>-[acet  on  the  centrum  ; 
d,  i'.  Muscular  ridges. 


Fig.  814. — Under  surface  of  a 
Labyrinthodont  Amphibian  (See- 
Icya),  with  the  dermal  armour  re- 
moved from  the  left  side  in  order 
to  show  the  endoskeleton.  Greatly 
enlarged.    (After  Fritsch.) 
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and  anterior  surfaces,  by  which  (with  the  intervention  of  cartilages) 
it  articulates  with  the  adjacent  centra,  may  be  nearly  flat  or  con- 
cave, when  it  is  said  to  be  amphiccelous  (fig.  815);  or  its  anterior 
surface  may  be  more  or  less  hollow,  and  the  posterior  convex  (fig. 
816),  when  it  is  termed  proccelous ;  or,  lastly,  the  reverse  of  the  lat- 
ter arrangement  may  obtain,  when  the  centrum  is  termed  opisthocoil- 
ous ;  an  example  of  the  latter  structure  being  shown  in  the  vertebra 
of  Calainospondylus  given  in  the  sequel  (fig.  107 1).  Immediately 
above  the  centrum  is  the 
aperture  of  the  channel  for 
the  reception  of  the  spinal 
cord,  known  as  the  neural 
canal  (fig.  816);  this  canal 
being  enclosed  laterally  and 
superiorly  by  the  neural 
arches,  which  are  surmounted 
by  the  neural  spine  (figs.  815, 
816).  The  lateral  portions 
of  this  arch  are  termed  the 
pedicles  (fig.  817,  n),  and  the 
parts  connecting  the  latter  with  the  spine  the  lainince.  The  arch,  it 
should  be  observed,  always  ossifies  separately  from  the  centrum, 
and  the  line  of  junction  between  the  two  when,  as  in  many  Rep- 


Fig.  816. — -Anterior  (b)  and  posterior  (c)  views  of  a 
proccelous  dorsal  vertebra  of  a  Lacertian  Reptile 
\Varantis).  The  part  above  B  and  c  is  the  centrum; 
the  aperture  the  neural  canal,  above  and  round  which 
are  the  neural  arches,  surmounted  by  the  neural 
spine ;  the  oblique  facets  are  the  zygapophyses,  and 
the  lateral  prominences  the  transverse  processes, 
which  are  here  very  short. 


rig.  817.— A  Oblicnie  anterior  view  of  the  lumbar  vertebra  of  a  Whale,  n,  Diagr.-immatic  traus- 
^IS.  °'  '"^  of  'he  thoracic  region  of  a  Mammal.    Greatly  reduced,    a,  Prezyga- 

popnyses  ,  *  bternum  ;  c.  Centrum  ;  d,  Transverse  process ;  n,  Pedicle  of  arch ;  />,  Sternal  rib  ; 

Kib ,  i,  Neural  spine.   (.After  Owen.) 

tiles,  they  remain  distinct,  is  known  as  the  neuro-central  suture. 
The  neural  arch  bears  a  pair  of  processes,  or  facets,  at  either  ex- 
tremity for  articulation  with  the  adjacent  vertebra;  those  at  the 
anterior  extremity  (fig.  816,  b)  being  known  as  prezygapophyses,  and 


SUB-KINGDOM  VERTEBRATA. 

^Z^^i"'?'"^'  """"^  "P'"'"''^' '  ^^"^  '-^t  the  other  extremity 

(hg.  8i6  c)  are  termed  postzygapophyses,  and  look  downwards  and 
outwards.1  Besides  these  processes  for  mutual  articulation,  there 
are  other  processes  on  many  vertebrae ;  the  most  constant  being  the 
transverse  processes,  or  diapophyses,  which  may  be  very  short  as  in 
fig.  8 1 6,  or  greatly  elongated  as  in  fig.  817,  a,  d.  These  transverse 
processes  may  arise  either  from  the  arch  or  from  the  centrum  and 
m  the  trunk  frequently  serve  for  the  main  attachment  of  the  ribs 
(fig.  817,  b).  In  fig.  816  we  have  an  example  of  a  vertebra  with 
very  short  transverse  processes  placed  mainly  on  the  centrum,  while 
in  the  vertebra  of  Iguanodon,  figured  in  the  sequel  (fig.  1058),  we 
see  very  large  transverse  processes  arising  solely  from  the  arch. 

The  sides  of  the  centrum  in  the  anterior  region  of  the  body 
frequently  carry  other  articular  processes  for  the  ribs,  which  may 
be  termed  rib  or  costal  facets  (fig.   815,  cp),  or  parapophyses. 
Again,  the  inferior  or  haemal  surface  of  a  vertebra  may  bear  a 
hamal  spine— th&  term  haemal  being  applied  to  the  inferior  as- 
pect on  account  of  its  being  directed  towards  the  heart  and  large 
blood-vessels.    Each  vertebral  centrum  carries  its  own  arch;  but 
between  the  true  centra  of  the  Ichthyopsida  there  may  be  inter- 
calated centra-like  bodies,  carrying  no  arches,  and  termed  i?itercentra. 
Rudiments  of  such  intercentra  occur  in  the  so-called  ivedge-bones  or 
hcemapophyses,  found  between  the  lower  borders  of  the  centra  in 
certain  Reptiles,  and  more  especially  between  the  first  and  second 
vertebrae.    Further,  the  Y-shaped  chevron-bones,  usually  articulating 
between  adjacent  vertebral  centra  in  the  tail  of  many  Vertebrates, 
are  also  morphologically  intercentral  elements.    In  Fishes  the  ver- 
tebral column  can  only  be  divided  into  trunk  and  caudal  regions ; 
but  in  the  majority  of  higher  forms  further  divisions  can  be  made. 
Thus  the  vertebrae  of  the  neck,  in  which  the  ribs  never  articulate 
with  the  sternum,  are  termed  cervical  (fig.  818,  c);  the  first  of  this 
series  being  designated  the  atlas,  and  the  second  the  axis.    It  is 
further  remarkable  that  in  most  instances  the  centrum  of  the  atlas 
is  not  joined  to  its  arch,  but  either  remains  as  a  distinct  element,  or 
becomes  anchylosed  to  the  front  of  the  centrum  of  the  axis  to  form 
the  so-called  odontoid  process ;  and  it  appears  that  in  the  latter  case 
the  inferior  bar  connecting  the  two  lateral  arches  of  the  atlas  is 
really  the  remnant  of  the  first  intercentrum.    It  is,  moreover,  prob- 
able that  this  separation  of  the  component  elements  of  the  atlas 
should  be  regarded  as  a  retention  of  the  primitive  feature  obtaining 
in  the  vertebral  column  of  many  extinct  Fishes  and  Amphibians, 
where,  as  will  be  noticed  below,  the  whole  of  the  vertebrae  are  thus 
disintegrated.     Finally,  it  has  been  suggested  that  certain  bony 


These  are  well  seen  in  the  vertebra  of  Calamospondyhts  above  mentioned. 
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splints  overlying  the  arch  of  the  atlas  in  Crocodiles  represent  a 
vertebra  intercalated  between  the  latter  and  the  cranium,  for  which 
the  name  proatlas  has  been  proposed.  It  is,  however,  by  no  means 
proved  that  these  splints  do  not  belong  to  the  atlas  vertebra,  so 
that  an  authority  like  Mr  Hulke  is  disposed  to  doubt  the  validity  of 
this  alleged  additional  vertebral  segment. 

In  such  Vertebrates  as  have  the  hind  limbs  well  developed,  one 
or  more  of  the  vertebra  in  the  hinder  part  of  the  trunk  differs  from 
the  rest,  and  forms  a  sacrum  (fig.  818,  s),  which  articulates  by 
anchylosed  ribs  with  the  pelvic  girdle.  The  vertebrae  forming  the 
region  between  the  sacrum  and  the  last  cervical  vertebrae  in  the 
higher  forms  consist  posteriorly  of  a  lumbar  series  (fig.  818,  /), 


Fig.  818.— Skeleton  of  an  Armadillo,  showing  the  regions  of  the  vertebral  column. _  c.  Cervi- 
cal ;  d.  Dorsal ;  /.  Lumbar ;  Sacral ;  t,  Caudal  region  or  tail.  The  pectoral  girdle  is  below  d, 
and  the  pelvic  below  j.  Reduced. 


without  or  with  very  short  ribs,  and  anteriorly  of  a  dorsal  series 
(fig.  818,  d),  provided  with  long  ribs,  of  which  the  anterior  ones 
articulate  with  the  breast-bone  or  sternum.  In  many  Amphibians, 
however,  in  which  (as  in  many  Reptiles)  there  is  no  sternum,  the 
ribs  continue  throughout  the  lumbar  and  some  of  the  caudal  series, 
as  in  fig.  814,  so  that  no  distinction  can  be  drawn  between  dorsals 
and  lumbars,  and  the  series  between  the  cervicals  and  sacrals  is 
consequently  called  dorso-lumbar.  The  term  caudal  is  applied  to 
all  those  vertebrae  posterior  to  the  sacrum.  Moreover,  where  there 
is  no  sternum,  it  is  frequently  difficult  to  draw  an  exact  demarcation 
between  cervical  and  dorsal  vertebrae,  and  we  are  compelled  to  rely 
on  analogies  drawn  from  the  mode  of  articulation  of  the  ribs. 

Ribs,  which  have  been  already  mentioned,  are  nearly  always 
present  in  the  dorsal  region,  and  may  occur  throughout  the  length 
of  the  vertebral  column.  According  to  the  views  of  Dr  Baur,  they 
are  to  be  regarded  as  originally  intervertebral  structures,  since  they 
are  attached  in  some  of  the  earlier  forms  to  the  vertebral  inter- 
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becom;  tilled  °'       -^^"^  ^^^^  ^-^-""y 

other  cases  ^hpTr  n^       ^  °'         appendages,  although  in 

rtheT4'e,il  of  r  '^T'^'Z''  ^"^^'^^'^^  ^heir  articulation 
the  verte^r  n two  vertebrae  Very  generally  ribs  articulate  with 
the  vertebral  column  by  two  distinct  heads,  which  is  probablv  the 
original  prm.itrve  type  of  structure.  In  the;e  cases  the  Lterior  or 
ower  head  is  termed  the  ca^^^u/ar,  and  articulates  with  the  rib 
facet  or  parapophysis  on  the  vertebral  centrum  (fig.  815,  r^)  while 
the  posterior  or  upper  head  is  known  as  the  .J/d  in  the 

dorsal  vertebra  articulates  with  the  transverse  process  or  dkpophysl 
^   c  °f  the  arch.    In  the  dorsal  ribs  the 

two  heads  may,  however,  coalesce, 
and  articulate  with  a  facet  on  the 
centrum,  or  with  a  longer  or  shorter 
transverse  process  on  the  arch.  Fre- 
quently, moreover,  while  the  anterior 
dorsal  ribs  have  double  heads,  the 
posterior  ones  have  but  a  single  head 
articulating  with  the  transverse  pro- 
cess.   In  the  caudal  region  of  many 
Reptiles  .true  ribs  articulate  with  the 
upper  part  of  the  centrum,  and  ex- 
cept as  being  separate,  are  indis- 
tinguishable from  the  caudal  trans- 
verse processes  of  many  Mammals, 
such  as   the   Cetacea   (fig.  817). 
Cervical  ribs  are  present  in  most 
Reptiles,  and  usually  articulate  by 
two  heads  to  the  vertebrae  —  the 
upper  head  joining  a  facet,  generally 
placed  on  the  arch,  corresponding 
to  the  transverse  process  of  the  dorsal  vertebras,  and  the  lower  one 
articulating  to  another  facet  on  the  centrum.    Very  rarely  in  Rep- 
tiles these  cervical  ribs  may  be  completely  anchylosed  to  the  ver- 
tebrae, as  in  the  vertebra  of  Calamospondylus,  figured  in  the  sequel 
(fig.  1071)  i  and  this  suggests  that  at  least  a  portion  of  the  so-called 
transverse  processes  of  the  cervical  vertebrte  of  Mammals,  which 
arise  from  the  vertebrae  by  double  pedicles,  really  correspond  to 
cervical  ribs.     In  the  Sauropterygia  both  heads  of  the  cervical 
ribs  articulate  with  the  centrum. 

When  a  sternum  is  present  the  distal  ends  of  the  dorsal  ribs  are 
generally  unossified,  and  are  sometimes  termed  hitermediate  ribs 
{ir,  fig.  819);  and  these  unossified  elements  unite  distally  with  the 
sternal  ribs  {sr),  which  in  their  turn  join  the  sternum  (fig.  817,  B,  b). 
Further,  among  the  Sauropsida  lateral  ossifications  may  be  developed 


Fig.  819. — Sternal  region  of  a  young 
Oriiithorltynchus.  c,  Clavicle;  /,  Inter- 
clavicle  ;  p.  Presternum  ;  vis,  Mesoster- 
num;  r.  Rib;  ir.  Intermediate  rib;  sr, 
Sternal  rib.    (After  Flower.) 
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Fig.  820. — Left  lateral  view  of  the  skull  of  an 
embryo  Dog-fish,  tr,  Left  trabecula ;  k,  o,  a. 
Nasal,  orbital,  and  auditory  capsules  ;  hy,  br, 
Mandibular,  hyoid,  and  branchial  arches ;  cl,  v, 
Hyomandibular  and  first  branchial  clefts.  (After 
Parker.) 


on  the  ribs,  termed  wicinate  processes,  of  which  the  position  is  shown 
in  the  figure  of  the  skeleton  of  the  Eagle  given  below  (fig.  1106). 

The  breast-bone  or  sternum  (figs.  817,  819)  is  usually  composed 
of  a  median  series  of  bones  or  cartilages  on  the  ventral  aspect  of  the 
body,  which  is  divisible  in  the  higher  groups  into  an  anterior  pre- 
sternum, usually  consisting  of 
a  single  ossification ;  and  of  a 
series  of  mesosternal  elements, 
followed    posteriorly    by  the 
xiphisternum.    In  many  Saur- 
opsida  the  sternal  bones  have 
long  lateral  processes  ;  and  the 
ossifications  in  this  class  may 
consist  of  a  pair  of  bones 
united  by  cartilage. 

The  skull,  or  anterior  ter- 
mination of  the  axial  skeleton, 
now  claims  our  attention,  but 
the  description  of  this  impor- 
tant and  difficult  part  must 
be  of  the  briefest.     The  re- 
searches of  embryologists  have  shown  that  the  skull  is  only  a 
special  modification  of  the  primitive  elements  from  which  the  rest 
of  the  axial  skeleton  were  formed,  although  it  does  not  consist,  as 
was  once  thought,  of  a  series  of  modi- 
fied vertebrae.    The  skull  is  divisible 
into  a  dorsal,  or  cranial,  and  a  ven- 
tral, or  visceral,  portion ;  the  former, 
originating  from  a  series  of  primitive 
segments  (somites),  encloses  the  brain- 
cavity  ;  while  the  latter,  which  has  a 
segmentation  of  distinct  and  later 
origin,  is  primitively  connected  with 
the  function  of  respiration. 

The  earliest  commencement  of  the 
primitive  cartilaginous  cranium  occurs 
in  the  formation  of  a  pair  of  rod-like 
trabecules  (fig.  820),  lying  at  the  base 
of  the  brain,  of  which  the  posterior 
parachordal  parts  embrace  the  ex- 
tremity of  the  notochord  (fig.  821). 
These  parachordals  soon  unite  to  form 
a  basilar  plate  supporting  the  brain 

(fig.  821);  while  the  anterior  prochordal  parts  unite  in  front  to 
enclose  a  space  {ibid.,  ol)  for  the  passage  of  the  olfactory  nerves, 


Fig.  821.  —  Upper  view  of  a  later 
embryo,  ct,  Cornu  of  trabeculaj ;  /:/ 
and  pt/,  Preorbital  and  postorbital  pro- 
cesses of  do.  ;  s,  Ethmonasal  septum'; 
l>,  Basilar  plate ;  no,  Notochord ;  ol, 
Olfactory  foramen.  Other  letters  as  in 
fig.  8zo. 
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the  united  portion  forming  the  ethmonasal  septum  (ibid.,  s)  By  the 
approximation  of  the  basilar  plate  to  the  nasa/,  orbital,  and  auditory 
capsules,  these  three  distinct  sense-regions  become  differentiated  in 
the  cranium;  and  while  the  first  and  third  become  enclosed  in 
cartilage,  the  lateral  borders  of  the  basilar  plate,  in  some  instances 
grow  upwards  to  enclose  the  brain  in  a  complete  cartilaginous 
capsule,  which  in  certain  Sharks  (fig.  822)  persists  throughout  life 
In  the  higher  forms,  however,  the  cartilage  does  not  extend  upwards 
over  the  brain,  which  becomes  roofed  in  by  bone  formed  direcdy 
from  the  overlying  membrane. 

The  visceral  portiofi  of  the  skull  is  formed  by  cartilages  arranged 
in  a  series  of  arches  in  the  walls  of  the  throat  (fig.  820).  In  the 
Ichthyopsida  there  may  be  as  many  as  nine  of  these  visceral  arches, 
but  in  the  other  three  classes  they  become  reduced  in  number  to  at 
most  three  or  four,  which  are  also  functionally  modified.  The  first 
arch  (fig.  820,  m)  supports  in  all  cases  the  walls  of  the  mouth,  and 
is  accordingly  called  the  mandibular  arch ;  the  second  is  termed  the 
hyoid ;  while  the  remaining  ones,  which  persist  only  in  the  adults  of 
Fishes  as  supports  of  the  gills  or  branchice,  are  termed  branchial 
It  should  further  be  observed  that  these  arches  are  separated  from 


Fig.  822.— Left  lateral  view  of  the  cartilaginous  skull  oi  a  Shark  {Notidanus),  greatly  reduced. 
7f,  Rostrum  ;  AF,  PF,  Pre-  and  post-orbital  processes;  Orb,  Orbit;  NK,  Nasal  capsule  ;  -(-, 
Articulation  of  palatopterygoid  (PQ) ;  G,  Articulation  of  Meckel's  cartilage  (Mel) ;  Z,  Teeth  ; 
IVS,  Vertebral  column.    (After  Wiedersheim.) 


one  another  in  the  embryo  by  a  series  of  visceral  clefts  (fig.  820),  of 
which  the  respiratory  apertures  of  Sharks  are  remnants.  The  maii^ 
dibular  arch  becomes  divided  into  segments,  consisting  of  a  short 
proximal  portion  known  as  the  quadrate,  which  very  generally  forms 
the  main  support  of  the  lower  jaw ;  and  a  long  distal  portion  known 
as  Meckel s  cartilage,  around  which  the  mandible,  or  lower  jaw,  is  sub- 
sequently formed  in  those  forms  which  develop  membrane  bones,  but 
which  in  the  Sharks  persists  throughout  life  as  the  functional  lower  jaw 
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(fig.  820).  The  quadrate  gives  ofT  an  anterior  palatopterygoid  {pala- 
toquadrate)  bar,  which  in  Sharks  (fig.  822)  persists  to  form  a  kind 
of  false  upper  jaw.  The  hyoid  arch,  which  is  close  to  the  mandi- 
bular, and  which  in  Fishes  may  also  take  a  share  in  the  support  of 
the  mandible,  is  likewise  segmented ;  the  most  important  elements 
in  the  latter  class  being  the  hyomatidibular  and  the  sympledic,  which 
are  shown  in  an  ossified  condition  in  fig.  823,  hm,  sy.  As  aheady 
mentioned,  in  Sharks  the  primitive  cartilaginous  skull  is  complete, 
and  persists  in  this  condition  throughout  life;  but  in  the  great 
majority  of  Vertebrates  the  progress  of  chondrification  is  arrested, 


Fig.  823. — Left  lateral  view  of  the  suspensorial  and  mandibular  region  of  the  skull  of  a  Salmon. 
hm,  Hyomandibular ;  mt,  Metapterygoid  ;  qu.  Quadrate  ;  sy,  Symplectic  ;  po,  Preopercular  ; 
io,  Interopercular ;  so,  Subopercular ;  o,  Opercular ;  ar.  Articular  ;  d,  Dentary.    (After  Parker.) 

and  the  skull  becomes  more  or  less  completely  covered  in  with  a 
series  of  ossifications  developed  in  the  membrane  overlying  the 
brain,  while  the  cartilaginous  foundation  itself  is  likewise  converted 
into  bone.  Bones  derived  from  these  two  totally  distinct  sources 
amalgamate  in  the  adult  in  such  a  manner  as  to  afford  no  clue  to 
their  dual  origins.  Following  a  modification  of  an  arrangement 
adopted  by  Professor  Weinsheimer,  the  more  important  bones  of 
the  cranium  may  be  enumerated  as  follows  :  the  relative  position  of 
most  of  them  being  shown  in  figs.  824  and  825.^  The  cartilage 
bones  comprise  the  basioccipiial,  basispketiotd,  and  presphenoid, 
which  are  median  ossifications  (not  shown  in  the  two  figures)  lying 
in  this  order  (from  the  posterior  extremity)  on  the  inferior  aspect 
of  the  cranium,  and  the  first  forming  the  floor  of  the  foramen  mag- 
mmi,  or  aperture  by  which  the  spinal  cord  enters  the  cranium,  and 
the  three  being  collectively  known  as  the  basi-cranial  axis.  On 

^  In  the  sequel  the  figures  of  the  skulls  of  many  reptiles,  and  more  especially 
those  of  Ickthyosaurtis  and  Nothosauriis,  show  the  general  relations  of  the  bones 
of  the  skull  to  advantage. 
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he  sides  of  the  basioccipital  we  have  the  two  exoccipitals,  forming 
the  lateral  boundaries  of  the  foramen  magnum,  and  dther  alone  of 
m  conjunction  with  the  basioccipital,  the  single  or  double  oaMal 
condy  es,  by  which  in  the  higher  forms  the  crLium  articulate  whh 
the  atlas  vertebra.  The  bony  auditory  capsule  is  composed  typi- 
cally of  the  proottc,  epzottc,  and  opisthotic^  to  which  in  Teleostean 
Fishes  must  be  added  the  sphenotic  and  pterotic ;  but,  as  will  be 
noticed  below,  some  of  these  bones  may  unite,  when  they  receive  a 
distinct  name.  The  alisphenoids  and  orbitosphenoids  are  paired 
bones  developed  in  the  trabecular  region  ;  while  the  single  ethmoid 
and  the  paired  turbinals  occur  in  the  nasal  region.  The  position 
of  the  quadrate  has  been  already  mentioned.    Among  investing  or 


Fig.  824.— Upper  surface  of  the  cranium  of  a  Labj'rinthodont  Amphibian  (A>r««/a),  one-half 
natural  size,  im,  Premaxilla ;  >«,  Maxilla ;  N,  Nasal :  Lachrj-mal \/,  Frontal ;  Pf,  Prefrontal ; 
7,  Jugal ;  QJ,  Quadratojugal ;  cp,  Opisthotic ;  OS,  Supraoccipital ;  Sq,  Squamosal;  Sgu, 
bupratemporal  ;  Pa,  Parietal ;  Ptf,  Postfrontal ;  Pto,  Postorbital.  The  quadrate  would  come 
below  QJ ;  the  large  vacuities  are  the  orbits ;  and  the  small  aperture  in  Pa  the  parietal  fora- 
men.   (After  Fritsch.) 

membrane  bones,  which  are  of  a  more  or  less  splint-like  structure, 
we  have  the  following  paired  ossifications,  reckoning  from  before 
backwards,  on  the  upper  surface — viz.,  premaxilla  (im),  maxilla  {in), 
nasal  (TV),  lachrymal  {£),  frontal  (f),  prefrontal  {Ff),  postfrontal 
{Ptf),  postorbital  {Pto),  parietal  {Fa),  supratemporal  {Squ\  and 
squamosal  {Sq).  In  some  Dinosaurian  Reptiles,  as  Stegosaurus, 
there  appears  to  be  a  distinct  bone  above  the  orbit,  which  connects 
the  pre-  and  postfrontal,  and  may  be  termed  the  supraorbital.  The 

1  Shown  in  the  skull  of  Testudo,  figured  in  the  sequel,  fig.  1017A. 
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supraoccipital  (OS),  which,  although  double  in  the  figured  skull,  is 
usually  a  single  bone,  appears  to  be  developed  inferiorly  from  car- 
tilage and  superiorly  from  membrane ;  it  usually  forms  the  upper 
border  of  the  foramen  magnum,  and  is  not  unfrequently  produced' 
posteriorly  into  a  long  spine.  On  the  lateral  aspect  of  the  cranium 
are  placed  the  juga/  (/),  and  quadratojugal  {QJ),  which  connect 
the  quadrate  with  the  maxilla;  while  inferiorly  (fig.  825)  we  may 
have  a  median  splint-like  parasphenoid  {Ps\  and  always  a  single  or 


Fig.  825. — Under  or  palatal  view  of  the  cranium  represented  in  fig.  824.    V,  Vomer  ;  P,  Pala- 
tine ;  Pt,  Pterygoid;  QJ,  Quadratojugal ;  Ps,  Parasphenoid.    (After  Fritsch.) 

paired  vomer  ( V),  and  the  paired  pterygoids  (Pt\  and  palatines  {P). 
The  two  latter,  it  may  be  observed,  are  developed  upon  the  primi- 
tive palatopterygoid  bar;  while  the  parasphenoid,  when  present, 
underlies  the  basicranial  axis,  and  if  largely  developed,  as  in  Teleos- 
tean  fishes  and  Amphibia  (fig.  825),  seems  to  take  the  place  of 
the  basi-  and  presphenoid. 

In  the  cranium  of  which  an  upper  view  is  given  in  fig.  824  the 
whole  of  the  region  behind  the  orbits  is  completely  roofed  over  by 
bone,  so  that  a  secondary  roof  is  thus  formed  above  the  roof  of  the 
much  smaller  brain-case  which  lies  within.  In  most  Reptiles  there 
are,  however,  vacuities  or  fossae  in  this  outer  roof  (as  in  fig.  826), 
although  in  the  Turtles  and  the  Ichthyosaurs  (fig.  1024)  this  roof 
persists.  In  fig.  826  the  upper-lateral  vacuity  is  termed  the  supra- 
ietnporal fossa,  and  is  bounded  below  by  the  superior  temporal  (or 
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^nTnn  ?   f"?  '^Ir'f  '  Squamosal,  postorbital, 

sunerrr  fh  1'  T  f  or /.>./.;.^..,/y,,,^  j;  bounded 

supenorly  by  the  last-named  arcade,  and  below  by  an  m/erior  tern- 
f  oral  {or  quadrato-77iaxillary)  arcade,  formed  in  most  Reptiles  (fig 
826)  by  the  quadrate,  quadratojugal,  jugal,  and  maxilla.  In  the 
Mammalia  (where  it  is  usually  termed  the  zygomatic  arcK)  we  find 
however  a  single  arcade  formed  by  the  squamosal,  jugal,  and  max- 
illa, and  a  similar  arcade,  but  with  the  apparent  absence  of  the 
jugal,  occurs  in  many  of  the  Anomodont  Reptiles.  This  may  be 
termed  the  squamoso-maxillary  arcade.  In  many  Sauropsida  when 
a  postorbital  or  postfrontal  is  developed,  these  two  arcades  are 


Fig.  826.— Right  lateral  aspect  of  the  cranium  of  Spkenodon  punctatus.  The  lower  vacuity 
on  the  left  is  the  infratemporal  fossa,  bounded  below  by  the  inferior,  and  above  by  the  superior 
temporal  arcade;  the  vacuity  above  the  latter  being  the  supratemporal  fossa.  The  posterior 
border  of  the  latter  fossa  is  formed  by  the  parieto-squamosal  bar.  The  quadrate  is  on  the  left 
lower  corner  of  the  figure.    (After  Gunther.) 

usually  connected  behind  the  orbit  by  a  process  from  the  for- 
mer articulating  with  another  from  the  jugal,  and  thus  forming  a 
bar  or  arch  which  may  be  termed  the  postorbital  bar  or  arch. 
Similarly  another  bar  at  the  posterior  extremity  of  the  supratem- 
poral fossa  is  formed  by  the  quadratojugal  (or  quadrate),  squa- 
mosal (the  supratemporal  of  fig.  824  being  absent),  and  parietal, 
and  may  be  termed  the  posttemporal,  or  parieto-squamosal  bar,  or 
arch.  A  third  fossa  behind  this  bar  is  termed  the  posttemporal 
fossa.  It  will  be  observed  that  these  numerous  vacuities  expose  to 
view  the  brain-case  lying  within  these  arches  or  bars;  and  there 
seems  to  have  been  a  gradual  tendency  to  open  up  the  completely 
roofed  skull  of  the  Labyrinthodont  Amphibia  till  in  the  Mammals 
we  find,  as  already  mentioned,  the  squamoso-maxillary,  or  zygomatic 
arcade,  and  often  a  postorbital  bar,  as  the  sole  remnants  of  this 
primitive  secondary  roof. 

It  will  not  be  necessary  to  mention  the  various  neural  and  vascular 
foramina  of  the  cranium,  but  it  must  be  observed  that  on  the  upper 
aspect  there  are  paired  apertures  for  the  orbits  (fig.  826),  and  either 
paired  or  single  ones  for  the  nares  {ibid.);  while  between  these  aper- 
tures there  may  be  the  paired  preorbital  vacuities,  which  are  shown 
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in  the  figure  of  the  skull  of  Fhytosaurus  among  the  Crocodilia. 
Mention  must  also  be  made  of  the  parietal  foranmi  (fig.  824), 
which  is  a  vacuity  occurring  in  the  parietals  of  many  Reptiles  and 
Amphibians.  In  several  living  forms  this  foramen  immediately  over- 
lies an  aborted  median  eye  embedded  in  the  subjacent  tissues,  and 
totally  functionless ;  but  it  is  not  improbable  that  in  the  Labyrin- 
thodonts  and  other  early  forms  this  eye  served  the  purposes  of 
vision.  As  the  attention  of  the  palaeontologist  is  often  directed 
to  them,  we  must  also  observe  that  the  Eustachian  tubes  are  canals 
connecting  the  internal  ear  with  the  pharynx  or  gullet.  Apart  from 
certain  minor  ossifications  which  will  be  incidentally  noticed  in  the 
sequel,  we  must  also  call  attention  to  the  periotic  and  tympanic  of 
Mammals,  since  among  the  Cetacea  these  bones  are  of  great  im- 
portance to  the  palaeontologist.  Both  these  bones  are  connected 
with  the  internal  ear,  the  first  resulting  from  the  coalescence  of  the 
prootic,  epiotic,  and  opisthotic  of  the  lower  forms,  and  containing 
the  cochlea  of  the  ear ;  while  the  latter  is  formed  by  ossification 
in  the  tissues  around  the  tympanic  membrane,  and  also  occurs  in 
some  Birds.  Finally,  the  term  ty?npa?iic  ritig  is  a  convenient  one 
to  apply  to  the  bones  surrounding  the  external  ear  of  Reptiles,  and 
especially  the  Chelonia. 

In  regard  to  the  mandible,  or  lower  jaw,  which  we  have  already 
stated  to  be  formed  by  ossifications  in  the  region  of  Meckel's  car- 
tilage, each  half,  or  ramus  (fig.  827),  in  the  Sauropsida  and  Am- 


•>  sy 

T)  Jnf.;,?.^'~c?"r"-  T'^'"  ramus  of  the  mandible  of  Crocodilus.    sy,  Symphysis ;  d, 

(Af^erCuvter)  Angular;  su,  Surangular;  ar,  Articular.  Reduced! 

phibia  consists  of  the  following  five  ossifications  formed  in  mem- 
brane—viz., dentary  (d),  splenial  (s),  coronoid  {co),  angular  {an),  and 
surangular  (su).  These  unite  with  the  articular  {ar),  formed  from 
Meckel's  cartilage,  which  articulates  by  a  glenoid  cavity  with  the 
quadrate.  In  Mammals,  however,  there  is  but  a  single  membranous 
ossification  in  each  ramus,  which  posteriorly  articulates  by  a  rounded 
condyle  with  the  squamosal  bone  of  the  cranium,  there  being  appar- 
ently no  articular  ossification,  and  no  distinct  quadrate  in  connection 
with  the  mandible.i  In  the  Sauropsida  the  quadrate  articulates 
1  See  the  introductory  chapter  on  the  Mammalia  (Chapter  Ivii.) 
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directly  with  the  periotic  region;  but  in  the  greater  number  of 
i-ishes  the  mandible,  as  already  mentioned,  is  connected  with  the 
cranium  by  means  of  the  hyomandibular  suspensorium  (fig.  823) 
Having  now  noticed  the  leading  features  of  the  axial,  we  may 
proceed  to  an  equally  brief  survey  of  those  of 
the  appendicular  skeleton.    In  all  the  higher 
Vertebrates  the  limbs  are  divided  into  three 
sections  —  viz.,  in  the  pectoral  or  fore  limb 
the  arm,  fore-arm,  and  the  ha7id  or  manus ; 
and  in  the  pelvic  or  hinder  limb  the  thigh,  leg, 
and  \htfoot  or  pes.    The  first  segment  has  a 
single  bone — the  hicmertcs  of  the  arm,  and  the 
/■•  II  femur  of  the  thigh  (fig.  828);  the  second  has 

two  parallel  bones — the  radius  and  ulna  in 
the  fore-arm,  and  the  tibia  and  fibula  in  the 
leg  (fig.  828);  while  the  third  segment  con- 
tains a  number  of  bones  arranged  in  not  more 
than  five  longitudinal  rows  (figs.  828,  829), 
with  the  exception  of  the  Ichthyopterygian 
Reptiles.  The  bones  of  the  manus  and  pes 
are  again  divisible  into  three  sections — viz., 
proximally  the  carp7is  or  wrist  in  the  manus 
(fig.  829),  and  the  tarsus  or  ancle  in  the  pes; 
mesially  the  metapodium,  or  metacarpus  of  the 
manus  (fig.  829),  and  the  metatarsus  of  the 
pes  (fig.  828);  and  distally  the  phalangeals 
(figs.  828,  829)  of  the  digits.  With  the  ex- 
ception of  the  Ichthyopterygia,  where  the 
normal  digits  appear  to  have  divided,  in  all 
known  forms  the  number  of  functional  digits 
does  not  exceed  five ;  and  these  are  enum- 
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Fi^.  82S.  —  Dorsal  aspect 
of  right  innominate  and 
pelvic  limb  of  the  Chim- 
panzee (Troglodytes),  re- 
duced, i.  Innominate  ;  /, 
Femur ;  t,  Tibia  ;  s,  Fibula  ; 

r,  Tarsus  ;  m,  Metatarsus ;  /,  ' 

Phalangeals.  (After  Owen.)  cratcd  consccutivcly  from  the  radial  or  tibial 

side,  so  that  the  pollex  or  thumb  of  the  manus, 
and  the  hallux  or  great  toe  of  the  pes  are  always  termed  the  first, 
and  the  little  finger  and  toe  the  fifth  digits.  Except  in  the  hallux 
there  are  usually  not  less  than  three  phalangeals  in  each  digit 
of  the  pes,  but  their  number  may  be  reduced  in  the  manus.  The 
bones  of  the  metapodium  correspond  in  number  with  the  digits, 
and  consist  of  a  single  transverse  row. 

Although,  as  we  have  stated,  the  number  of  digits  in  the  higher  Ver- 
tebrates is  typically  five,  yet  there  appears  to  be  considerable  evidence 
that  the  number  was  originally  seven.  Thus  in  many  pentedactylate 
Mammals,  and  also  in  some  Reptiles  and  Amphibians,  there  is  found 
on  the  radial  or  preaxial  border  of  the  carpus  or  tarsus  a  small  ossification 
which  Dr  Bardeleben  terms  the  prepollex,  ox prehallux,  and  regards  as 
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the  representative  of  an  additional  radial  digit.  Similarly  the  pisiform 
bone  of  the  carpus,  which  occurs  on  the  ulnar  or  postaxial  border,  and  in 
Mammals  is  usually  described  as  one  of  the  so-called  sesamoid  bones,  is 
looked  upon  by  the  same  authority  as  the  representative  of  a  seventh 
digit  on  the  ulnar  side. 

It  is  probable  that  the  carpus  and  tarsus  were  originally  formed 
upon  a  common  type,  which  persists  in  a  more  or  less  unaltered 
condition  in  certain  Amphibia  and  Reptilia  (fig.  829).  In  such  a 
generalised  type  there  is  a  distal  row 
of  five  carpalia  (fig.  829),  or  tarsalia, 
articulating  with  the  metapodials.  This 
is  preceded  proximally  by  another  row, 
consisting  of  an  intermedium,  flanked 
in  the  manus  by  a  radiale  and  ulnare, 
and  in  the  pes  by  a  tibiale  and 
fibtdare,  respectively  articulating  with 
the  two  epipodial  bones  of  the  fore- 
arm (radius  and  ulna)  or  leg  (tibia 
and  fibula).  The  middle  space  be- 
tween these  two  transverse  rows  of 
bones  is  occupied  by  one  centrale,  or  oc- 
casionally by  several  centralia.  Modifi- 
cations from  this  type  are  caused  by 
the  suppression  or  coalescence  of  some 
of  these  elements.  All  the  carpals 
and  tarsals  in  the  Mammalia  have  re- 
ceived distinct  names,  which  will  be 
noticed  under  the  head  of  that  class; 
but  it  may  be  observed  here  that  the 
higher  Reptiles  and  Birds  agree  with 
the  former  in  having  two  bones  in  the  proximal  row  of  the  tarsus 
— viz.,  the  calcaneum  on  the  fibular,  and  the  astragalus  on  the  tibial 
side. 

The  protuberances  for  muscular  attachment  at  the  proximal  ex- 
tremity of  the  humerus  are  termed  tuberosities,  while  those  of  the 
femur  are  known  as  trochanters.  The  latter  bone  in  the  Saur- 
opsida  may  also  have  an  inner  trochanter  on  its  shaft  for  the  at- 
tachment of  the  femoro-caudal  muscle  ;  while  in  the  Mammalia  there 
may  be  a  third  trochanter  for  that  of  the  gluteus  maximus,  as  is 
shown  in  the  femur  of  Rhinoceros  represented  in  fig.  1226.  Both 
the  humerus  and  femur  have  more  or  less  distinct  condyles  at  the 
lower  extremity  for  the  articulation  of  the  bones  of  the  fore-arm  and 
leg — those  of  the  humerus  being  often  termed  trochlea.  Above  the 
condyles  or  trochleee  the  humerus  has  projecting  epicotidyles  on 
either  side ;  and  there  is  frequently  a  foramen  situated  above  either 
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Fig.  829. — Dorsal  aspect  of  the 
right  manus  of  a  Chelonian  Reptile 
(Chelydrd).  ra,  Radius  ;  ul,  Ulna ; 
r,  z,  u,  Radiale,  ulnare,  and  inter- 
medium ;  c,  Centrale ;  i — 5,  Carpalia ; 
m,  Metacarpals;  /,  Proximal  phal- 
angeals ;  I.— v.,  Terminal  do.,  I.  being 
the  poUex.    (After  Gegenbaur.) 
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the  outer  or  inner  epicondyle.  When  placed  above  the  outer  or 
radial  epicondyle  this  foramen  is  termed  edepicondylar,  and  when 
above  the  inner  or  ulnar  epicondyle  entepicondylar.  The  proximal 
extremity  of  the  ulna  is  often  produced  into  an  olecranon  (fig.  1300), 
which  projects  behind  the  end  of  the  humerus.  The  distal  ex- 
tremity of  the  tibia  in  certain  Sauropsida  develops  from  its  anterior 
aspect  a  ridge  or  process  known  as  the  cnemial  crest;  while  the 
deltoid  crest  or  ridge  is  a  prominence  situated  below  the  head  of  the 
humerus  on  the  radial  side,  to  which  the  attention  of  the  palaeon- 
tologist is  not  unfrequently  directed.  Finally,  the  patella  is  a  so- 
called  sesamoid  bone  developed  in  the  tendon  of  a  muscle  passing 
over  the  pulley-like  surface  or  trochlea  on  the  anterior  aspect  of  the 
distal  extremity  of  the  femur. 

Since  the  limbs  of  Fishes  differ  considerably  from  the  higher  tj^De 
of  structure  noticed  above,  their  consideration  may  be  deferred  till 
we  come  to  that  class.  Before,  however,  leaving  the  subject  of 
limbs,  it  should  be  observed  that  it  is  often  convenient  to  allude  to 
the  corresponding  or  homologous  sides  of  the  fore  and  hind  limbs 
by  a  single  term.  If,  then,  we  imagine  the  limbs  extended  more  or 
less  nearly  at  right  angles  to  the  axis  of  the  body  (as  on  the  left 
side  of  fig.  814),  with  the  palm  of  the  hand  and  the  sole  of  the 
foot  directed  to  the  front  or  ventral  aspect,  the  middle  digit  of 

each  limb  will  be  axial,  when  the  poUex 
and  radius  of  the  pectoral,  and  the  homo- 
logous hallux  and  tibia  of  the  pelvic 
limb,  will  be  obviously  preaxial ;  while 
the  fifth  digit  of  each  limb,  together  with 
the  ulna  and  the  fibula,  will  be  postaxial. 
The  whole  of  the  radial  and  tibial  sides  of 
the  limbs  will  accordingly  be  known  as  the 
preaxial,  and  the  ulnar  and  fibular  as  the 
postaxial  border. 

The  remaining  parts  of  the  skeleton 
comprise  the  pectoral  and  pelvic  girdles,  by 
which  the  corresponding  limbs  are  respec- 
tively connected  with  the  trunk,  and  of 
which  the  relative  positions  are  shown  in 
fig.  818.  The  pectoral  arch  is  never  con- 
nected by  means  of  ribs  with  the  verte- 
bras, and  primitively  consists  of  three  main 
bones  developed  in  cartilage.  On  the 
dorsal  aspect  of  the  body  we  have  the 
upper  bone  or  scapula  (fig.  830,  s) ;  while  on  the  ventral  side  there 
are  two  parallel  bones  (fig.  974),  the  anterior  of  which  is  termed 
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Fig.  830.  —  Lateral  aspect  of 
the  cartilage  bones  of  the  left 
side  of  the  pectoral  girdle  of  a 
Lizard  (Ig^iann).  s,  Scapula ; 
j/i.sc,  Mesoscapular  process  of 
do.  ;  cor,  Coracoid ;  h.cor,  Pre- 
coracoidal  process  of  do. ;  m.cor, 
Mesocoracoidal  process  of  do.  ; 
for.  Foramen  of  do. ;  gl.  Glenoid 
cavity. 
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the  precoracoid  {cl),  and  the  posterior  the  coracoid  {co).  At  the 
junction  of  these  three  bones  there  is  a  cavity  for  the  articulation 
of  the  head  of  the  humerus  termed  the  gle?ioid  cavity.  Such 
is  the  primitive  condition  of  this  girdle;  but  in  Reptiles  the  pre- 
coracoid very  rarely  exists  as  a  separate  ossification,  although  it 
does  so  among  the  Anomodonts,  where,  at  least  in  the  young, 
it  forms  a  large  plate,  uniting  below  to  the  upper  edge  of  the  cora- 
coid, and  entering  into  the  formation  of  the  glenoid  cavity.^  In  all 
other  cases  it  is,  however,  completely  fused  either  with  the  scapula 
or  the  coracoid.  Thus  in  the  Chelonia  (fig.  1008)  the  precoracoid 
retains  its  primitive  form  and  condition  of  a  transverse  bar,  which 
is,  however,  completely  fused  with  the  scapula.  In  the  Lizards, 
on  the  other  hand,  this  bone  has  united  with  the  coracoid,  of  which 
it  forms  the  precoracoidal  process  (fig.  830,  p. cor) — the  foramen 
{for)  marking  the  original  line  of  separation  between  the  two  bones. 
In  Dinosaurs  and  many  other  Reptiles  the  precoracoidal  process 
has  disappeared,  and  only  the  foramen  remains ;  while  in  the 
Ichthyopterygia  even  this  is  wanting.  A  further  reduction  occurs 
in  the  higher  Mammals,  where  the  whole  of  the  coracoid  has  dis- 
appeared as  a  distinct  bone.  The  coracoid  is  subject  to  great  vari- 
ation in  shape,  and  may  either  simply  meet  its  fellow  by  an  overlap- 
ping or  sutural  junction,  or  may  articulate  with  the  sternum. 

A  clavicle,  mainly  developed  from  membrane,  may  be  connected 
with  the  preaxial  borders  of  the  scapula  and  coracoid ;  while  a 
mesial  T-shaped  interclavicle  (fig.  819),  which  is  also  developed 
from  membrane,  may  receive  the  inner  extremities  of  the  two  cla- 
vicles, and  then  usually  overlies  the  upper  part  of  the  sternum. 
Finally,  there  may  also  be  a  single  or  double  mesial  omosternum 
developed  on  the  ventral  aspect  from  cartilage  lying  near  the  an- 
terior extremity  of  the  girdle.  An  illustration  of  the  position  of  this 
bone  is  shown  in  the  pectoral  girdle  of  the  Frog,  represented  in  fig. 
974- 

In  the  pelvic  girdle  we  have  three  separate  ossifications  arising  in 
cartilage,  of  which  all  three  usually  unite  to  form  an  acetabulum 
(fig-  831,2  a,  ^)  for  the  reception  of  the  head  of  the  femur,  or  thigh- 
bone. The  bone  commonly  known  as  the  haunch-bone  forms  the 
dorsal  element,  and  is  technically  termed  the  iliuvi  {ibid.,  II) ;  it 
corresponds  to  the  scapula,  and  usually  articulates  with  the  sacrum 
by  short  ribs  ;  while  in  the  ventral  half  we  have  anteriorly  the  pubis 
{ibid.,  P),  representing  the  precoracoid ;  and  posteriorly  the  ischium 
{ibid..  Is),  which  corresponds  to  the  coracoid.    The  two  latter  bones 

^  This  precoracoid  appears  to  correspond  with  the  bone  termed  epic oracoi d  hy 
Professor  Cope,  and  also  tlie  one  so  named  in  the  Monotreme  Mammals. 

Here  the  acetabulum  is  formed  by  only  two  bones,  and  it  has  been  suggested 
that  the  bone  lettered  pubis  may  be  really  an  epipubis. 
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very  generally  meet  those  of  the  opposite  side  in  a  ventral  sym- 
physis;  and  when,  as  is  frequently  the  case,  the  three  bones  of 
either  side  are  anchylosed  together,  an  innominate  bone  results  (fig. 

1 1 2  8  bis).  The  ischium  and  pubis 
of  the  same  side  may  also  unite 
inferiorly  so  as  to  enclose  the 
obturator  notch,  F,  which  then 
forms  the  obturator  foramen  (fig. 
1 1 2  8  bis) ;  while  an  obturator  pro- 
cess of  the  ischium  may  form 
a   smaller   foramen  below  the 
acetabulum,  as  in  the  pelvis  of 
Camptosaurus,    figured    in  the 
sequel  (fig.  1052).    As  a  rule, 
there  is  no  tendency  to  a  reduc- 
tion in  the  number  of  the  pelvic 
bones  in  the  higher  forais.  It 
may  be  mentioned,  in  conclu- 
sion, that  a  median  ossification 
at  the  ventral  symphysis  of  the 
pubis  and  ischium  found  in  cer- 
tain Edentates  has  been  named  the  pelvisternum,  and  regarded  as 
the  abdominal  representative  of  the  sternum.    This  appears,  how- 
ever, to  correspond  with  the  median  ossification  found  in  the 
Ungulates  (fig.  JX22>  bis),  which  is  generally  looked  upon  merely  as 
an  epiphysis.    The  pectoral  and  pelvic  girdles  of  Fishes  are  noticed 
in  the  next  chapter. 

It  may  be  well  to  observe  here  that  genera  being  purely  and  simply 
artificial  divisions  formed  for  the  convenience  of  classification,  it  is  quite 
unnecessary  that  they  should  be  of  equivalent  value  in  different  groups 
of  animals.  As  examples  of  vertebrate  groups  in  which  generic  terms 
are  used  in  a  wide  sense,  we  may  cite  the  Reptilan  order  Sauropterygia 
and  the  Mammalian  family  Rhinocerotidcp.  ;  while  as  instances  where  a 
more  restricted  application  is  employed,  we  may  mention  the  order 
Chelonia,  and  the  family  Bovidce.  The  statement  we  not  unfrequently 
hear  that  such-and-such  a  form  must  represent  a  distinct  genus  implies 
a  total  misconception  of  the  import  of  generic  terms. 


Fig.  831.— Lateral  aspect  of  the  left  half  of 
the  pelvis  of  a  young  Crocodilian  {Alligator). 
//,  Ihum;  /'.Pubis;  Is,  Ischium;  Obtura- 
tor notch;  a,  b,  b,  Acetabulum,  with  its  va- 
cuity ;  t.  *,  Cartilaginous  extensions  of  ilium. 
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CHAPTER  XLVI. 

CLASS  PISCES. 

General  Structure. 

The  members  of  the  class  Pisces,  commonly  known  as  Fishes,  form 
the  first  division  of  Professor  Huxley's  Ichthyopsida,  and  are  gener- 
ally characterised  by  living  in  water;  breathing  by  branchice,  or 
gills,  throughout  life ;  having  the  heart  furnished  with  a  single  ven- 
tricle and  auricle  (atrium);  having  the  limbs,  when  present,  in  the 
form  of  fins ;  being  provided  with  unpaired  median  fins  supported 
by  fin-rays  ;  and  by  the  skin  being  either  naked,  or  covered  with  der- 
mal scales  or  bony  scutes.  There  is  no  amnion  or  allantois  devel- 
oped in  the  embryo,  and  the  reproduction  is  nearly  always  oviparous. 
Certain  forms  do  not,  however,  exhibit  all  the  above  features,  and 
the  relation  of  the  more  generalised  Fishes  to  the  Amphibia  is  very 
intimate.  The  peculiar  system  of  mucous  canals  and  the  lateral 
line  are  highly  characteristic  of  Fishes,  although  they  are  not 
invariably  present. 

Before  noticing  such  features  as  are  of  especial  importance  to  the 
paleontologist,  it  will  be  convenient  to  mention  that  according  to 
the  arrangement  adopted  in  this  work  the  class  is  divided  into  the 
following  six  orders — viz.,  Cyclostomi,  Elasmobranchei,  Chimeroidei, 
Dipnoi,  Ganoidei,  and  Teleostei,  of  which  the  salient  features  will 
be  noticed  in  the  succeeding  chapter.  Dr  Giinther  has,  indeed, 
proposed  to  bracket  together  the  second,  third,  fourth,  and  fifth 
orders  as  a  subclass  under  the  name  of  Pateichthyes,  ranking  as 
equivalent  to  the  Cyclostomi  and  Teleostei.  Professor  Huxley,  Dr 
Traquair,  and  others  have,  however,  shown  that  the  Ganoidei  are  so 
intimately  connected  with  the  Teleostei,  while  the  Elasmobranchei, 
Chimeroidei,  and  Dipnoi  differ  in  so  many  respects  among  them- 
selves and  from  the  former,  that  such  a  grouping  does  not  appear 
consonant  with  their  true  relationship. 

Another  scheme,  proposed  by  Professor  Cope  and  adopted  by 
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Fig.  832.— Cycloid  scale, 
enlarged. 


iJLfv,"'  uT^'      '°  ^"g^^^        Teleostei  and  Ganoidei 

together  in  a  subclass  under  the  name  of  Teleotomi,  with  ordinal 
divisions  differing  somewhat  from  the  subordinal  ones  employed 
below  and  to  raise  the  Dipnoi,  Chimeroidei,  Elasmobranchei,  and 
Cyclostomi  to  the  rank  of  subclasses,  with  the  concomitant  eleva- 
tion of  their  respective  suborders  to  the  rank  of  orders.  It  seems 
however,  scarcely  to  harmonise  with  the  divisions  adopted  in  the 
other  classes  of  Vertebrates  to  regard  a  group  like  the  Chimeroidei 
as  a  subclass,  and  accordingly  the  view  of  Professor  Huxley  is 
provisionally  followed  of  regarding  the  Elasmobranchei  and  Chi- 
meroidei as  divisions  of  ordinal  value. 

Although  the  body  in  all  Fishes  must  be  adapted  for  progression 
through  the  water,  yet  there  is  an  enormous  range  of  variation  in  its 

contour  among  the  differ- 
ent groups,  as  we  may  ob- 
serve when  we  contrast  a 
Lamprey,  a  Shark,  a  Flat- 
fish, a  Ribbon-fish,  and  a 
Globe-fish.  The  dermal 
„.  „     ^     .         structures   termed  scales, 

Fig.  833. -Ctenoid  scale,   ,„u-  1    „  ,         ^    .  .' 

enlarged.  which  are  SO  characteristic 

of  Fishes,  present  many 
types  of  structure.  In  the  Teleostei  they  usually  form  thin  plates, 
frequently  marked  by  concentric  lines  and  not  formed  of  true  bone.' 

When  the  posterior  margin  is  simple 
(or  entire)  such  a  scale  is  termed  cycloid 
(fig.  832),  but  when  denticulated,  cten- 
oid (fig.  833).    Other  examples  of  this 
type  are  shown  in  figs.  834,  a,  b.  In 
many  Ganoids  and  a  few  Teleosteans 
the  scales  are  much  thicker,  and  consist 
of  a  variety  of  true  bone  covered  exter- 
nally with   an   enamel-like  substance 
termed  ganoine.    Such  scales,  of  which 
specimens  are  shown  in  fig.  834,  e,  and 
fig.  835,  are  termed  ganoid ;  they  are 
arranged  in  oblique  rows,  and  connected 
together  by  a  peg-like  projection,  their 
shape  being  oblong.    Scales  of  ganoid 
structure  may,  however,  be  much  thin- 
ner, and  resemble  the  cycloid  type  in 
their  contour   and  their  imbrication. 
Lastly,  the  bony  dermal  scutes  or  plates,  frequently  armed  with  a 
spine,  which  occur  in  the  skin  of  the  Sharks  and  Rays  (fig.  834, 
c,  d),  are  strictly  comparable  in  structure  to  teeth,  consisting  of 


Fig.  834. — a,  Cycloid  scale  of  Pike 
Esojc) ;  o,  Ctenoid  scale  of  Perch 
{Perca) ;  c.  Dermal  plate  of  Thorn - 
back  (Rata);  d,  Do.  of  Monkfish 
{Squatina) ;  e,  Ganoid  scales  of  Pala- 
oniscus.    a  and  b  enlarged. 
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a  cap  of  enamel  underlain  by  dentine  and  supported  on  bone. 
Allied  to  these  are  the  calcified  scutes  of  the  Coffer-fishes  {Os- 
tracion\  File-fishes  {Balistes),  and  Sturgeons  {Acipenser),  to  all 
of  which  structures  the  term  placoid  scales  was  formerly  applied. 
A  characteristic  feature  in  the  Teleostei  is  the 
presence  of  a  series  of  perforated  scales  run- 
ning along  the  side  of  the  body,  known  as  the 
lateral  line,  the  canal  of  this  line  being  apparently 
in  part  connected  with  the  supply  of  mucus,  and 
acting  partly  as  a  sense-organ.  The  modified 
scales  of  this  line  may  be  larger  or  smaller  than 
those  of  the  rest  of  the  body,  or  may  be  the  only  pig.  sss.-Ganoid  scale, 
ones  present.  A  lateral  line  is  also  found  in  some 
Ganoids  and  in  certain  Elasmobranchs,  as  well  as  in  the  Chimer- 
oids.  A  series  of  large  V-shaped  scales  found  on  the  borders  of  the 
fins  of  many  Ganoids  are  termed  fulcra.  The  dermal  fin-rays  are 
peculiar  to  the  present  class,  and  are  shown  in  figs.  836,  837.  They 


Fig.  836. — Reduced  left  lateral  view  of  the  skeleton  of  the  Perch  {Perca).  a,  Premaxilla;  b. 
Maxilla;  c.  Mandible;  d,  Orbit;  e,  Supraoccipital ;  Preoperculum ;  g^,g^',  Vertebras;  h,  Pec- 
toral fin ;  i,  Pelvic  do. ;  k,  /,  First  and  second  dorsal  do. ;  j«.  Anal  do. ;  »,  »',  Caudal  do.  The 
bones  between  k  and  I  and  the  vertebrae  are  the  interspinals. 


occur  both  in  the  paired  pectoral  and  pelvic  fins,  and  also  in  the 
median  dorsal,  caudal,  and  anal  fins.  In  Elasmobranchs  these  fin- 
rays  are  horny;  but  in  the  Teleostei  (fig,  836)  they  are  bony,  and 
generally  split  up  into  filaments  at  the  extremities  (/),  although  they 
may  be  pointed  {k).  In  Teleostei  they  generally  consist  of  two 
closely  applied  parts,  diverging  at  the  base  to  articulate  in  the 
median  fins  with  the  intcrspinous  bones  of  the  endoskeleton,  and 
in  the  paired  fins  with  the  distal  limb  bones.  In  Elasmobranchs 
the  interspinals  are  represented  by  the  so-called  radial  cartilages 
belonging  to  the  true  endoskeleton. 

In  Teleosteans  and  Ganoids  the  anterior  rays  of  the  dorsal  and 
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pectoral  fins  may  be  developed  into  huge  dermal  spines,  which  in 
some  cases  articulate  by  a  complete  shackle-joint  with  the  basal 
bones.    Smiilar  spmes  are  also  developed  in  the  Elasmobranchei 

d 


Fig.  837.— Left  lateral  view  of  the  Perch  {Perca).  0,  Gill-cover,  with  gill-slit  behind  it;  fi.  Pec- 
toral fin  ;  V,  Pelvic  do. ;  d,  First  dorsal  do. ;  d',  Second  dorsal  do. ;  /,  Lateral  line.  Reduced. 

(fig.  838);  but  here  they  are  simply  inserted  into  the  flesh,  or  are 
attached  only  by  cartilage,  so  that  their  basal  end  is  rounded  off. 
Similar  spines  (fig.  838,  i)  may  also  occur  behind  the  head.  Such 


Fig.  838.— Spikes  and  teeth  of  Elasmobranchei.  i.  Nuchal  spine  ot PUuracaHihus ;  2,  Fin- 
spine  Gyyacanthus ;  3,  Do.  of  Ctenacaiithus ;  4,  Tooth  oi  Petalodus  ;  5,  Do.  of  Psammodus; 
6,  Do.  of  Ctcnoptychius.    Carboniferous.    1-3  are  reduced. 

spines  when  found  fossil  are  frequently  known  as  ichthyodorulites, 
and  form  important  objects  to  the  palaeontologist.  Their  structure 
is  identical  with  that  of  the  so-called  placoid  scales  and  of  teeth, 
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there  being  a  central  pulp-cavity,  surrounded  by  a  layer  of  dentine 
or  vasodentine,  which  is  covered  with  enamel. 

The  teeth  of  Fishes  present  a  greater  amount  of  variation  than  is 
found  in  any  other  class.  They  may  be  entirely  absent,  or  may  be 
present  on  all  the  bones  of  the  mouth,  and  also  on  the  hyoids  and 
branchial  arches,  while  they  may  be  attached  merely  to  the  mem- 
brane of  the  mouth-cavity.  Very  frequently  they  are  attached  by 
anchylosis  to  the  underlying  bone  or  cartilage  (fig.  838),  but  they 
may  be  implanted  in  distinct  sockets  or  alveoli.  The  dentine  is  usu- 
ally distinguished  from  that  of  the  teeth  of  higher  Vertebrates  by  its 
greater  vascularity.  The  coating  of  enamel  is 
generally  very  thin ;  but  it  is  more  developed 
in  the  cutting-teeth  of  Sargus.  Occasionally 
{De?idrodus)  radiating  prolongations  of  the  pulp- 
cavity  may  penetrate  the  dentine  from  the  centre 
to  the  periphery,  thus  producing  a  structure  like 
that  of  the  teeth  of  the  Labyrinthodont  Am- 
phibians. There  is  generally  a  constant  renewal 
of  the  teeth  of  Fishes  during  the  whole  of  life ; 
but  occasionally  one  set  persists. 

Turning  to  the  endoskeleton,  and  commenc- 
ing with  the  vertebral  column,  we  find  that  the 
vertebrae  can  only  be  divided  into  a  trunk  and 
a  caudal  series,  and  that  there  is  a  gradual  pro- 
gression in  respect  of  ossification  from  the  lowest 
to  the  highest  forms.  Thus,  in  the  Cyclostomi, 
the  notochord  persists  throughout  life,  and  is 
generally  unsegmented,  although  rudimental 
neural  arches  and  spines  are  developed  in  Pet- 
romyzon.  The  vertebral  column  of  the  Carti- 
laginous Ganoids  is  very  similar  to  that  of  the 
latter ;  but  in  Bony  Ganoids,  Elasmobranchei, 
and  Teleostei  paired  cartilages,  arising  both 
above  and  below  the  notochord,  gradually  sur- 
round it,  and  thus  form  strongly  amphicoelous 
vertebral  centra.  In  the  Sharks  these  centra 
exist  without  arches,  but  in  the  other  orders 
there  are  well-developed  neural  arches;  and  in  the  trunk  region 
there  are  also  lateral  basal  processes,  which  in  the  tail  unite  inferiorly 
to  form  a  hsemal  arch  for  the  caudal  artery,  and  develop  a  hsemal 
spine  (fig.  839).  There  is  a  great  tendency  for  the  neural  arches 
to  remain  open  superiorly ;  and  the  only  Fish  in  which  the  vertebrae 
are  not  amphicoelous  is  the  Ganoid  Lepidosteus,  in  which  they  are 
opisthoccelous.  Only  in  the  Chimeroidei  and  certain  Elasmo- 
branchei are  there  definite  articulations  between   the  vertebral 


■—  ha 
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Fig.  839. — Anterior  as- 
pect of  a  caudal  vertebra 
of  a  Teleostean  Fish  ns. 
Neural  spine ;  «a,  Neu- 
ral arch  ;  s.  Articular  pro- 
cesses ;  Aa,  Haemal  arch  ; 
hsy  HjEmal  spine.  (After 
Giinther.) 
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column  and  the  cranium ;  the  posterior  aspect  of  the  basioccipi- 
tal  m  other  groups  forming  a  cup  Hke  that  of  a  vertebral  centrum. 
1  he  mode  m  which  the  vertebral  column  terminates  posteriorly  is 
of  considerable  miportance  in  classification.     The  most  primitive 


Fig.  840.— A,  Polyfiterus,  and  B,  Osteolepis  (Ganoids),  to  show  diphycercal  caudal  fin. 
a.  Pectoral ;  b.  Ventral ;  c,  anal ;  d.  Dorsal  fin.  Reduced. 

type  occurs  in  the  Cyclostomi,  Dipnoi,  and  many  Ganoids,  where 
the  notochord  continues  to  the  extremity  of  the  body,  and  is  sym- 
metrically surrounded  by  the  caudal  fin,  as  in  fig.  840 ;  this  type  is 
known  as  diphycercal.   In  the  other,  or  heterocercal  type,  the  notochord 


Fig.  S41. — A,  Sword-fish ;  B,  Sturgeon,  to  show  masked  (homocercal)  and  typical 

heterocercal  tail. 


is  bent  upwards,  owing  to  the  greater  development  of  the  lower  as 
compared  to  the  upper  half  of  the  tail.  This  feature  may  be  observ- 
able externally,  as  in  the  Sturgeons  (fig.  841,  b)  and  Sharks ;  or  may 
be  masked,  as  in  the  majority  of  Teleostean  Fishes  (fig.  841,  a),  by 
the  symmetrical  arrangement  of  the  fin-rays.     The  skeleton  (fig. 
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842)  shows,  however,  the  upward  bend  of  the  notochord,  although 
this  is  very  much  less  marked  in  the  adult  than  in  the  young.  This 
masked  heterocercal  type  is  sometimes  described  as  homocercal. 
The  coalesced  hjemal  spines  found  in  this  type  of  tail  are  known  as 
hypural  bones  (fig.  842,  h), 
while  the  ossified  extremity 
of  the  notochord  is  termed 
the  urostyle. 

The  skulls  of  Fishes  pre- 
sent variations  in  regard  to 
their  degree  of  ossification, 
analogous  to  those  obtaining 
in  the  vertebral  column.  The 
general  structure  of  the  pri- 
mitive cartilaginous  skull  has 
been  already  indicated  in 
Chapter  xlv.  (fig.  822),  but 
we  must  here  glance  briefly  at  certain  bones  developed  in  the  more 
specialised  forms  which  are  peculiar  to  the  class.  Thus,  taking  as 
an  example  the  skull  of  a  Teleostean  Fish  (fig.  843),  where  the 
primitive   cranium  is 


Fig.  842. — Tail  of  Flounder.  (After  Agassiz.)  », 
Vertebral  column  ;  n,  Turned-up  end  of  the  noto- 
chord ;  h,  Hypural  bones. 


IZ^  Of 
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concealed  by  the  de- 
velopment of  investing 
bones,  we  find  two 
peculiar  ossifications  in 
the  auditory  region 
known  as  the  pterotic 
{ibid.,  Pte\  which  is 
considered  to  repre- 
sent the  squamosal  and 
opisthotic  of  higher 
Vertebrates,  and  the 
sphenotic  {jbid.,  Sph). 
A  large  parasphenoid 
is  always  present  infe- 


riorly  (fig.  844).     The        Fig.  843.-Left  lateral  view  of  the  skull  of  a  Trout 


mterventlOn  of  the  hv-  -^A  Ep'otic  ;  Pte,  Pterotic ;  Sp/t,  Sphenotic ;  Os,  Supra- 

,            ,        ^  occipital;  P,  Parietal;  /^.Frontal;  S/>.eth,  Ethmoid;  Can, 

OmandlDUlar  and  Sym-  Aperture  of  olfactory  nerve  ;  A'/,  Nasal ;  /'wjr,  Premaxilla  ; 

Olectir  ('fip-S              nnrl  '^''^f',"^;   4'.  Jugal;    Ms,  Mesopterygoid ;  Mtp, 

JJICCLIC  l^ugb.   023   ana  Metapterygoid ;  0,0,   Suborbitals;   //;«,  Hyomandibular; 

84^) between  the  quad-  ^'  Symplectic;  Qn,  Quadrate  ;  Pr,  lop,  Sop,  Pre-,  inter-,  and 

'      ,    ,              ^        ,  suboperculum ;        Operculum ;  BsS,  Branchiostegal  rays; 

rate  and  the  squamosal  ^r,  Articular;  De,  Dentary;  A,  eye.   (After  Wiedersheim.) 

region  has  been  already 

mentioned  in  Chapter  xlv.  as  peculiar  to  Fishes  (although  it  is  by  no 
means  universal  in  the  class) ;  and  we  must  also  mention  that,  in 
addition  to  the  normal  palatine  and  pterygoid  bones  developed 
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round  the  cartilaginous  palatopterygoid  bar,  there  occur  in  Teleosfei 
the  meso-  and  metapterygoid  (fig.  843,  Ms,  Mtp).  In  the  same  class 
the  orbital  region  likewise  develops  a  series  of  membrane-bones 
round  the  eye,  forming  the  suborbitals  or  orbital  ring  {ibid.,  0,  0), 
while  the  gill-cover  or  operculum  (of  which  the  first  trace  is  found  in 
the  Chimaeroids  in  a  fold  from  the  hyomandibular  overlapping  the 
first  gill-slit)  is  formed  by  the  preopercular,  opercular,  subopercular, 
and  infraopercular  (ibid.,  Pr,  Op,  Sop,  lop),  which  are  broad,  scale- 
like membrane  bones.  In  the  branchiostegal  inembrane,  which 
unites  with  the  gill-cover  in  closing  the  branchial  chamber,  there 
is  developed  a  number  of  braiichiostegal  rays  (fig.  843,  BsS,  and 
fig.  844,  bo) ;  but  these  may  be  partly  or  entirely  replaced  by 


Fig.  844. — Right  side  of  the  cranium  proper  of  a  Perch,  together  with  the  hyoid  and  bran- 
chial arches,  and  the  pelvic  girdle.  jA,  Stylohyal ;  eh,  Epihyal  ;  ch,  Ceratohyal ;  bh,  Basihyal ; 
gh,  Glossohyal ;  uh,  Urohyal ;  bo,  Branchiostegal  rays  ;  cb,  Ceratobranchial ;  eb,  Epibranchial ; 
gr.  One  of  the  "gill-rakers"  of  the  first  branchial  arch;  pa,  Parasphenoid  ;  so,  Supraoccipital ; 
pt,  Posttemporal ;  scl,  Supraclavicular ;  cl.  Clavicular ;  pel.  The  two  pieces  of  the  postcl.-ivicu- 
lar ;  sc,  Scapula  ;  co,  Coracoid. 

jugular  plates,  occupying  the  space  between  the  rami  of  the  man- 
dible. The  hyoid  arch  (fig.  844)  is  attached  to  the  inner  side  of 
the  hyomandibular  by  a  stylohyal  (ibid.,  sh),  articulating  inferiorly 
with  the  epihyal  {eh),  and  the  latter  with  the  large  ceratohyal  {ch) ; 
the  two  latter  carrying  the  branchiostegals.  The  inferior  part  of 
this  arch  is  formed  by  the  basihyal  {bh),  from  which  the  glossohyal 
{gh)  extends  forwards  into  the  tongue,  and  posteriorly  articulates 
with  the  first  of  the  basibranchials,  mentioned  below.    The  urohyal 
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{uk)  is  a  vertically-compressed  median  bone,  extending  backwards 
from  the  basihyals.  Behind  the  hyoid  arch  occur  the  branchial 
arches,  the  first  of  which  consists  of  a  median  basibranchial,  and 
laterally  from  below  upwards  of  a  hypobranchial,  ceratobranchial 
(fig.  844,  cb),  epibratichial  (eb),  and  pharyngobranchial.  The  latter 
bones  in  the  second  and  third  arches  are  called  superior  pharyngeals, 
and  generally  carry  teeth.  Finally,  the  gill-rakers  (fig.  844,  gr')  are 
spine-like  bones  attached  to  the  inner  margins  of  the  branchial  arches. 

In  the  mandible  there  is  usually  (fig.  843) 
a  dentary  and  articular  piece ;  but  an  angu- 
lar, and  more  rarely  a  splenial  or  coronoid, 
may  also  be  present. 

In  the  appendicular  skeleton,  we  find  the 
pectoral  girdle  of  Ganoids  and  Teleosteans 
consisting  inferiorly  of  the  primary  cartila- 
ginous elements  corresponding  to  the  scap- 
ula and  coracoid  (fig.  844,  sc,  co),  and 
superiorly  and  laterally  of  a  secondary  chain 
of  bones  developed  from  membrane,  and 
articulating  superiorly  with  the  pterotic 
region  of  the  skull.  The  bones  of  this 
secondary  chain  are  named  from  above 
downwards  posttemporal  (fig.  844,  pt),  su- 
praclavicular (scl),  clavicular  (cl),  and  a 
postclavicular  of  two  pieces  (j>cl) ;  while 
there  may  be  also  an  infraclavicular  be- 
low the  clavicular.  In  Elasmobranchei 
only  the  cartilaginous  primitive  girdle  is 
developed;  while  in  Dipnoi  the  girdle 
is  of  very  peculiar  structure,  and  soiTie- 
what  intermediate  between  that  of  Elas- 
mobranchei and  Teleostei.  The  pelvic 
girdle  is  generally  wanting ;  but  in  the 
Dipnoi  there  is  a  median  cartilaginous 
plate,  with  anterior  and  posterior  paired 
processes,  of  which  the  former  are  iliac, 
and  the  latter  give  attachment  to  the  hind 
limbs.  Elasmobranchs  generally  show  a 
degenerate  pelvis  of  this  type. 

The  pectoral  and  pelvic  limbs,  or  fins,  are 
so  similar  in  structure  that  they  may  be  considered  together, 
although  the  development  of  the  latter  is  less  specialised  than 
that  of  the  former.  No  representatives  of  the  arm  and  fore-arm 
ot  the  higher  Vertebrates  can  be  detected  in  Fishes,  the  basal  and 
radial^  bones  or  cartilages  articulating  directly  with  the  pectoral 

c 


Fig.  845.— Skeleton  of  the  left 
pectoral  limb  of  Ccratodns,  Re- 
duced.   (After  Giinther.) 
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girdle.  In  the  Dipnoi,  and  especially  in  Cerafodus,  the  pectoral 
(fig-  845)  and  pelvic  fins  are  supported  by  a  cartilaginous,  median, 
segmented  axis,  bearing  jointed  radii  on  the  dorsal  and  ventral 
borders — these  radial  cartilages  being  terminated  by  horny  dermal 
fin  -rays  ;  and  the  dorsal  radii  (left  side  of  figure)  being  more  numer- 
ous than  the  ventral.  This  type  of  fin,  which  also  occurs  in  the 
Ichthyotomous  Elasmobranchei,  is  known  as  the  archipterygium. 
From  this  slightly  unsymmetrical  type  of  fin  that  of  existing  Sel- 
achian Elasmobranchs  (fig.  846)  may  be  derived  by  the  gradual  sup- 
pression of  the  ventral  series  of  rays,  and  the  development  of  the 
dorsal,  which  has  now  become  lateral.  Basally  the  jointed  radial  car- 
tilages articulate  proximally  with  the  J>ro-,  meso-, 
and  inetapterygium,  which  in  their  turn  are  at- 
tached to  the  pectoral  arch,  and  the  latter  of 
which  corresponds  to  the  basal  axial  cartilage 
of  the  fin  of  Ceratodus  (fig.  845).  In  the 
pelvic  fin  of  the  Selachians  the  mesopterygium 
is  absent,  and  the  propterygium  more  or  less 
rudimentary.  This  type  of  fin  is  known  as  the 
ichthyopterygium.  The  fins  of  Ganoids  and 
Teleosteans  may  be  derived  from  the  Selachian 
type ;  but  the  primary  cartilaginous  skeleton  is 
Fig  846  — Skdeton  of  rcduccd,  and  a  secondary  one  developed  by  the 
the  left  pectoral  limb  of  introduction  of  membrane  bones. 
A  Pro-;  Meso-; Bcfore  leavmg  the  structure  oi  I'lshes,  men- 
Jfduced.'"''^'"'"'  tion  must  be  made  of  the  otoliths,  which  are 

small,  rounded,  elliptical  bodies,  usually  with  one 
convex  and  one  concave  side,  lying  in  the  tympanic  sac,  and  com- 
posed of  both  calcic  carbonate  and  phosphate.  These  bodies  have 
been  carefully  studied  by  Dr  Koken,  and  several  genera  identified 
by  their  evidence  in  a  fossil  state. 

As  regards  their  distribution  in  time.  Fishes  being  the  lowest 
class  of  the  Vertebrata,  it  would  naturally  be  supposed  that  they 
were  the  earliest  representatives ;  and  this  appears  to  have  been  the 
case.  The  earliest  known  fishes  in  Britain  belong  to  the  Ganoid 
group  Placodermata,  and  occur  in  the  Lower  Ludlow  group  of  the 
Silurian  ;  while  the  Elasmobranchei  were  represented  in  the  topmost 
group  of  the  same  series.  In  the  Devonian  and  Carboniferous 
periods  Fishes  become  abundant;  but  all  the  forms  from  these 
horizons,  and  up  to  the  Cretaceous,  belong  to  the  Elasmobranchei, 
Chim^roidei,  Dipnoi,  and  Ganoidei — the  specialised  Teleostei  not 
making  their  appearance,  so  far  as  we  know  with  certainty  at  present, 
till  the  Cretaceous.  The  Ganoids  of  the  suborder  Amioidea  ap- 
proximate, however,  so  closely  to  the  Teleostei,  that  it  has  been  a 
question  whether  some  of  the  members  of  the  Jurassic  family  Lepto- 
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lepidida,  which  are  usually  placed  in  the  former,  should  not  be 
transferred  to  the  latter  group ;  and  we  may  thus  confidently  expect 
to  find  a  complete  transition  between  the  two.  Although  many  of 
the  Cretaceous  Teleostei  are  more  or  less  clpsely  allied  to  existing 
types,  it  is  not  until  the  Eocene  that  we  find  a  fish-fauna  compar- 
able to  that  of  the  present  day ;  and  we  may  note  that  the  resem- 
blance of  the  fishes  of  the  Eocene  to  those  now  living  is  in  marked 
contrast  to  what  obtains  in  Mammals,  where  the  majority  of  Eocene 
genera  are  extinct.  The  persistence  of  some  genera  of  Fishes 
throughout  long  geological  epochs  is  indeed  a  noteworthy  cir- 
cumstance, and  is  nowhere  more  marked  than  in  the  case  of 
Ceratodtis,  which  has  lived  on  continuously  from  the  Triassic  period 
of  Europe,  and  also  from  that  of  certain  North  American  beds, 
which  are  usually  referred  to  the  Permian. 

In  regard  to  the  origin  of  the  various  orders  of  Fishes,  it  is  pretty 
evident  that  the  Teleostei  were  derived  from  the  Ganoidei,  and  that 
the  Dipnoi  were  closely  related  to  one  branch  of  the  latter.  The 


Fig.  847.— Conodonts,  greatly  enlarged.  A,  B,  Acoius  acutui :  c,  D,  Prionodus  elegans ;  e, 
An  unnamed  form;  a-d,  From  the  Silurian  of  Russia;  e,  From  the  Carboniferous  of  North 
America.   (After  Pander  and  Newberry.) 

phylogenetic  relationship  of  the  Ganoids  to  the  Elasmobrancheans 
IS,  however,  still  unsettled,  although  recent  researches  tend  to  show 
a  close  connection  between  the  more  primitive  and  least  specialised 
groups  of  the  two  orders.  Palseontology  has  not,  indeed,  yet  taught 
us  from  what  group  of  animals  these  primitive  Ganoids  and  Elasmo- 
branchs  were  themselves  derived.  It  has,  however,  been  suggested 
by  Professor  Cope  that  the  Placodermoid  Ganoids  were  closely  re- 


922 


CLASS  PISCES. 


lated  to  the  Ascidian  Invertebrates ;  and  if  this  suggestion  should 
prove  well  founded,  it  would  seem  to  indicate  that  the  group  men- 
tioned is  closely  allied  to  the  real  ancestors  of  the  class.  Possibly, 
however,  these  ancestors  are  to  be  sought  in  another  direction,  since 
it  has  been  thought  that  minute  tooth-like  bodies  found  in  beds 
ranging  from  the  Upper  Cambrian  to  the  Carboniferous,  and  known 
as  Conodonts  (fig.  847),  are  really  the  teeth  of  Fishes.  It  was  con- 
sidered probable  at  one  time  that  these  curious  fossils,  which  rarely 
exceed  two  millimetres  in  length,  might  be  teeth  of  extinct  members 
of  the  Cyclostomi ;  but  their  internal  structure  is  so  different  from 
the  teeth  of  the  existing  forms  of  that  order,  that  if  they  belong  to 
Fishes  at  all,  they  must  apparently  indicate  an  extinct  division.  A 
great  variety  of  forms  of  these  Conodonts  have  been  described,  and 
have  received  distinct  generic  and  specific  names.  It  is  the  opinion 
of  some  authorities  whose  judgment  is  entitled  to  great  considera- 
tion that  these  fossils  should  be  regarded  as  the  jaws  of  Annelids  ^ 
or  Trilobites ;  but  the  question  as  to  their  real  nature  must  be 
regarded  as  still  undecided. 


Vide  supra,  vol.  i.  p.  480. 
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CHAPTER  XLVII. 

CLASS  PIS  CES—  continued. 

Orders  Cyclostomi  and  Elasmobranchei. 

Order  I.  Cyclostomi.  —  The  Cyclostomi,  which  include  the 
Hag-fishes  {Myxine  and  Bdellostomd)  and  Lampreys  {Fetromyzon) 
being  at  present  unknown  in  a  fossil  state,  require  no  further  notice 
in  the  present  work. 

Order  II.  Elasmobranchei. — This  order,  which  is  also  known 
under  the  name  of  Chondropterygii,  includes  a  peculiar  extinct 
group  termed  the  Ichthyotomi,  together  with  the  modern  Sharks, 
Dog-fishes,  Saw-fishes,  and  Rays,  collectively  constituting  the  Se- 
lachii,  and  all  of  which  are  tj^ically  of  marine  habits.  For  palaeon- 
tological  purposes  this  order  may  be  characterised  as  follows :  The 
skeleton  is  invariably  cartilaginous,  and  membrane  bones  are,  with 
some  possible  exceptions,  absent  in  the  skull ;  the  vertebral  column 
is,  however,  generally  divided  into  distinct  segments,  of  which  the 
centra  may  be  marked  by  a  calcification  differing  in  structure  from 
true  bone.  In  the  skull,  which  may  be  either  movably  or  immov- 
ably connected  with  the  vertebral  column,  the  palatopterygoid  bar 
and  hyomandibular  suspensorium  are  never  fused  with  the  cranium. 
When  an  exoskeleton  is  developed,  it  consists  of  small  dermal  gran- 
ules, of  which  the  structure  is  the  same  as  that  of  teeth.  In  all 
existing  forms  the  optic  nerves  simply  cross  one  another,  without 
any  interlacing  of  their  component  fibres  ;  the  bulbus  arteriosus  of 
the  heart  has  three  series  of  valves ;  the  intestine  is  furnished  with 
a  spiral  valve ;  and  the  ova  are  of  large  size  and  few  in  number. 

A  few  words  may  be  said  explanatory  of  some  of  the  above-men- 
tioned and  other  features  in  existing  forms  before  proceeding  to  the 
systematic  part.  In  all  forms,  as  already  mentioned,  there  is  a 
separate  suspensorial  arrangement  articulating  with  the  cranium,  to 
which  the  mandible  is  attached ;  this  structure  being  termed  hyosiy- 
lic.     Usually  there  is  a  hyomandibular  suspensorium  intervening 
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between  the  cranium  and  the  palatopterygoid  bar  ;  but  in  Notidanus 
(hg.  86 1)  the  hyomandibular  element  takes  no  share  in  the  support 
of  the  mandible,  and  the  palatopterygoid  articulates  directly  with 

the  cranium;  this  probably  being 
the  primitive  type.  The  gills  (fig. 
848)  are  attached  to  the  skin  by 
their  margins;  while  they  usually 
communicate  with  the  exterior  by 
five  apertures,  or  clefts,  which  may 
be  very  rarely  increased  to  six  or 
seven.  The  mouth  is  very  gener- 
ally situated  on  the  inferior  aspect 
of  the  body  (fig.  849),  and  is  fur- 
nished with  numerous  teeth  carried 
on  the  palatopterygoid  bar  and 
Meckel's  cartilage  (fig.  861).  These 
teeth  may  be  either  sharp  and  separ- 
ate, or  articulated  together  so  as  to 
form  a  more  or  less  pavement-like 
structure ;  and  in  the  former  case 
there  is  a  continuous  succession  of 
new  teeth  developed  from  behind 
as  the  old  ones  are  worn  out.  Both 
Fig.  848.— Diagram  of  one  side  of  the  gills  median  and  paired  fins  are  present ; 

and  gill-pouches  in  a  Selachian  ;  the  arrows    .1  •.■  c  ^^  1   •         •    1  • 

indicating  the  direction  of  the  currents. 

tne  position  ot  tne  pelvic  pair  being 
%:^':tf:^^iJit^kTr;Af^  ^l^^y^  abdominal.    In  all  existing 

gill-shts;  J,  Septa  between  pouches;  br,  formS  the  skclctOn  of  the  Hmbs 
Branchiae.  •  7   7  .  ,^ 

lorms  an  icnt/iyopterygiuin  (fig. 
846) ;  but  in  the  Carboniferous  and  Permian  Ichthyotomi  there 
is  either  a  uniserial  or  biserial  archipterygium,  like  that  of  the 
Dipnoi.  The  posterior  termination  of  the  vertebral  column  is  gener- 
ally heterocercal,  with  the  upper  lobe  of  the  caudal  fin  greatly  elon- 


Fig.  849.— Spiny  Dog-fish  {Acanthias).  Reduced. 

gated  (fig.  849).  The  spines  frequently  borne  by  the  dorsal  fins 
and  in  the  nuchal  region,  constituting  the  so-called  ichthyodorulites, 
have  their  bases  simply  embedded  in  the  flesh,  and  are  consequently 
immovable.    There  is  no  swim-bladder.    The  term  spiracles  is  ap- 
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plied  to  apertures  connected  with  respiration  found  on  the  upper 
aspect  of  the  head ;  while  the  intercalary  cartilages  are  ovoid  or 
diamond-shaped  structures  occurring  between  the  neural  arches  of 

the  vertebrEe.  •     .  j 

Mr  Smith-Woodward  observes  that  a  gradual  advance  in  the  de- 
gree of  calcification  of  the  axial  skeleton  may  be  observed  as  we  trace 
the  members  of  the  order  from  the  Pateozoic  upwards,  the  oldest 
forms  not  having  the  notochord  differentiated  into  distinct  vertebral 
centra,  of  which  we  find  the  first  complete  types  in  the  Lower  Liassic 
Palaospinax.  Here,  however,  the  centra  merely  assume  the  form 
of  double  cones,  only  very  slight  traces  of  the  peripheral  calcifica- 
tions necessary  to  form  the  biconcave  centra  of  the  later  types  being 
visible.  In  the  Lower  Kimeridgian  lithographic  stone  of  the  Con- 
tinent, centra  of  the  complete  aster ospondy lie  type  are  first  met  with. 

The  same  authority  mentions  that  the  Palseozic  types  are,  as  a 
rule,  characterised  by  the  great  development  of  the  exoskeleton, 
although  a  few  forms  like  Pleuracanthus  appear  to  have  had  naked 
bodies.  These  early  dermal  structures  are  also  noticeable  for  their 
elaborate  sculpture,  this  being  equally  developed  on  the  dermal 
granules  (shagreen),  and  on  the  fin  and  cephalic  spines.  Smooth 
fin-spines  appear  to  be  very  rare  in  the  Palseozoic,  and  it  is  not  till 
we  reach  the  Upper  Trias  and  Lias  that  spines  completely  covered 
with  smooth  ganoine  are  met  with. 

In  regard  to  the  teeth,  Mr  Woodward  observes  that  "pointed 
teeth  and  obtuse  teeth  occur  among  the  earliest  Elasmobranchs ; 
but  the  former  as  well  as  the  latter  are  firmly  articulated  together, 
and  must  always  have  formed  part  of  a  dentition  in  which  several 
series  were  functional.  Though  the  teeth  of  Cladodus  and  Diplo- 
dus  \Pleuracanthus'\  are  as  sharply  pointed  as  those  of  most  recent 
Sharks,  the  piercing  crown  is  placed  upon  a  broad  horizontally- 
expanded  base,  permitting  of  a  considerable  amount  of  interlock- 
ing between  one  tooth  and  another — an  arrangement  most  nearly 
paralleled  in  the  surviving  Chlamydoselache.  It  is  evident,  indeed, 
that  all  the  modern  types  of  dentition,  in  which  not  more  than  one 
or  two  series  of  teeth  are  simultaneously  functional,  are  highly  speci- 
alised modifications  of  this  primitive  arrangement ;  and  the  change 
results  from  the  deepening  and  lateral  compression  of  the  root  of 
each  tooth,  rendering  its  base  of  support  less  fixed,  and  often  not 
permitting  its  coming  into  use  until  after  attaining  the  summit  or 
passing  the  outer  side  of  the  jaw-cartilage. 

"  With  regard  to  the  disposition  of  the  teeth  in  the  mouth  as  a 
whole,  the  modern  Rays — most  Scylliidce  and  Chlamydoselache — may 
be  looked  upon  as  retaining  the  most  primitive  arrangement.  In 
the  predaceous  Sharks  there  has  been  a  tendency  towards  the  rela- 
tive enlargement  of  the  prehensile  teeth  upon  the  symphysis ;  while 
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m  the  Cestraciont  Sharks  the  symphysial  teeth  have  become  small 
though  prehensile,  and  the  lateral  teeth  well  adapted  for  trituration 
Ihe  former  arrangement  is  particularly  characteristic  of  modern 
tunes;  the  latter,  it  is  interesting  to  note,  attained  its  maximum  of 
specialisation  so  long  ago  as  the  Carboniferous  period.  In  many 
early  Carboniferous  genera  the  series  of  lateral  crushing-teeth  began 
in  part  to  fuse  into  continuous  plates  {Pleuroplax) ;  two  of  these 
plates  often  amalgamated  {Foecilodus)  ■  and  in  the  most  special- 
ised of  these  Cochliodonts  {e.g.,  JDeltoptychtus),  all  traces  of  the 
boundaries  of  the  original  components  of  the  dental  plates  became 
obliterated." 

Suborder  i.  Ichthyotomi.— This  name  was  proposed  by  Pro- 
fessor Cope  for  a  group  of  primitive  Elasmobranchs,  ranging  from 
the  Devonian  to  the  Permian,  but  perhaps  also  surviving  to  the 
Trias,  and  showing  the  following  characteristic  features.  The  endo- 
skeleton  has  granular  calcifications  extending  equally  throughout 
the  cartilage ;  the  notochord  in  most,  or  all,  cases  is  not  constricted 
to  form  distinct  vertebra ;  and  the  calcification  of  its  sheath  in  the 
precaudal  region  does  not  extend  beyond  that  very  incomplete  stage 
to  which  the  term  rhachito7nous  has  been  applied — the  explanation 
of  which  is  given  below  under  the  head  of  the  Labyrinthodont  Am- 
phibians. The  neural  and  hsemal  spines  of  the  vertebrte  are  long 
and  slender,  and  no  intercalary  cartilages  are  developed.  Finally, 
the  pectoral  fins  have  a  long  segmented  axis  of  the  archipterygial 
type  (fig.  850). 

It  may  be  mentioned  here  that  Dr  Koken  is  indisposed  to  admit  the 
right  of  the  Ichthyotomi  to  form  a  group  of  equal  rank,  with  that  em- 
bracing all  other  Elasmobranchs  ;  since  he  regards  the  primitive  fea- 
tures exhibited  by  the  vertebral  column,  and  the  nature  of  the  caudal  fin, 
as  only  one  degree  removed  from  those  found  in  certain  Selachii.  This 
writer,  indeed,  regards  the  Pleiiracanthida:  and  CladodontidcB  as  so 
closely  allied  to  the  Notidanidce  and  Cestraciontidce  {Hybodo7itidcB)  that 
he  would  class  the  whole  of  these  families  in  a  single  group,  for  which 
he  proposes  the  name  Prosclachu,  and  in  which  the  Cochliodo7itida 
should  perhaps  also  be  included.  So  far  as  regards  the  slight  import- 
ance from  a  classificatoiy  point  of  view  of  the  imperfect  calcification  of 
the  vertebral  column,  Dr  Koken's  views  are  in  harmony  with  those 
adopted  below  in  the  classification  of  the  Labyrinthodont  Amphibia. 

Family  Pleuracanthid^e. — In  this  family  the  body  is  slender 
and  somewhat  depressed ;  the  mouth  differs  from  that  of  all  the 
Selachii  in  being  terminal ;  while  the  caudal  fin  is  diphycercal. 
There  is  a  long  and  low  continuous  dorsal  fin ;  while  the  pectoral 
fin  has  a  biserial  arrangement  of  rays  somewhat  after  the  fashion  of 
Ceratodns.  The  type  genus  Pleuracajithus  has  received  an  almost 
bewildering  number  of  names,  of  which  it  will  suffice  to  mention 
Diplodus,  Orihaca?ithus,  Xenacatiihus,  and  D idy modus ;  some  of 
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these,  as  their  terminations  indicate,  having  been  applied  to  spines, 
and  others  to  teeth. 

Recent  discoveries  have  enabled  us  to  attain  to  a  nearly  complete 
knowledge  of  the  anatomy  of  this  remarkable  genus,  and  a  restoration  by 
M.  Brongniart  of  one  of  the  species  is  shown  in  the  accompanymg  wood- 
cut. The  skin  was  quite  naked;  the  body  elongate,  and  the  snout 
obtuse.  The  teeth  have  a  thick  and  depressed  root,  with  a  crown 
fonned  by  two  unequal  corners  diverging  like  a  V,  with  a  small  denticle 
at  the  base  of  the  two,  and  not  unfrequently  a  minute  flattened  mammilla 
posteriorly.  In  the  male  the  pelvic  fins  carry  a  roblist  "  clasper."  At  the 
top  of  the  head  there  was  a  large  barbed  spine  (fig.  852,  i),  with  a  double 
row  of  serrations,  and,  according  to  the  restoration  (fig.  850),  supporting  a 


Fig.  850. — Restoration  of  the  skeleton  of  Pleuracanthus  Gatidryi ;  from  the  Carboniferous 
of  France,  reduced.    (After  Brongniart.) 

( 

cephalic  fin.  In  the  skull,  according  to  Dr  Koken,  there  was  a  distinct 
hyomandibular,  but  the  palatopteiygoid  bar  had  a  direct  connection 
with  the  postorbital  process  of  the  cranium,  as  in  Notida7iiis.  Dr  Koken 
would  slightly  modify  the  structure  of  the  pectoral  fin  from  that  given  in 
fig.  850.  The  dorsal  fin  is  of  great  length,  extending  backwards  as  far  as 
the  diphycei'cal  caudal,  from  which  it  is  separated  by  a  deep  notch. 
According  to  M.  Brongniart's  restoration  the  anal  fin  was  double, 
and  its  two  divisions  had  a  structure  curiously  like  that  of  limbs  ; 
Dr  Koken  considers,  however,  that  the  restoration  is  incorrect  in  this 
particular.  Specimens  of  the  figured  species  attain  a  length  of  more  than 
a  yard. 

In  time  this  genus  extends  from  the  Carboniferous  to  the  Lower 
Permian ;  while  in  space  its  range  embraces  both  Europe  and 
North  America.  Chondrenchelys,  from  the  Lower  Carboniferous  of 
Dumfriesshire,  which  is  provisionally  referred  to  the  same  family,  has 
no  cephalic  spine.  Detached  teeth  from  the  Keuper  of  Somerset, 
described  under  the  name  of  Diplodus,  apparently  indicate  the  sur- 
vival of  a  form  allied  to  Pleuracanthus  in  the  Triassic  period. 

Family  Cladodontid^. — The  second  family  of  this  suborder  is 
too  imperfectly  known  to  admit  of  definition  ;  but  it  appears  that  in 
the  type  genus  the  pectoral  fin  had  only  one  series  of  rays,  and  was 
thus  intermediate  between  that  of  Pleuracanthus  and  the  fins  of 
the  Selachii.    The  type  genus  Cladodus  had  a  broad  and  depressed 
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head,  with  the  teeth  arranged  in  numerous  rows.  The  crowns 
these  teeth  present  some  resemblance  to  those  of  the  Selachian 
Bybodus  (fig.  865) ;  consisting  of  one  large  cone,  flanked  on  either 
side  by  one  or  more  smaller  cones,  of  which  the  outermost  is 
generally  the  largest.  This  genus  is  exclusively  Carboniferous,  and 
occurs  both  in  Europe  and  North  America;  a  large  number  of 
species  being  known.  Dicenfrodus,  of  the  Scottish  Carboniferous, 
is  distinguished  by  the  teeth  having  only  a  single  lateral  cone 
developed  on  one  side.  Phcebodus,  of  the  Devonian  of  Iowa,  is 
an  allied  genus,  with  the  lateral  cones  of  the  teeth  at  least  as  large 
as  the  middle  cone ;  while  in  Lambdodus,  of  the  North  American 
Paleeozoic,  these  lateral  cones  are  totally  wanting.  In  Bicrenodus, 
of  the  Carboniferous  of  both  Europe  and  North  America,  we  have 
a  modification  of  the  Cladodont  tooth,  in  which  the  central  cone  is 
compressed,  with  the  cutting-edges  serrated ;  while  the  lateral  cones 
may  either  be  two  in  number,  or  absent.  Finally,  the  North 
American  Palaeozoic  genus  Hypocladodtis  differs  from  the  preceding 
by  the  absence  of  serrations  on  the  edges  of  the  central  cone ;  the 
lateral  cones  being  invariably  absent. 

Suborder  2.  Selachii. — The  existing  Sharks,  Rays,  and  their 
allies  are  characterised  by  the  endoskeleton  being,  as  a  general 
rule,  only  superficially  calcified ;  while,  except  in  some  of  the  earlier 
forms,  the  notochord  is  constricted  at  the  centre  of  each  vertebra. 
The  neural  and  hsemal  arches  of  the  vertebrae  are  short  and  stout ; 
and  intercalary  cartilages  are  nearly  always  developed.  The  pectoral 
fin  (fig.  846)  has  not  a  segmented  axis,  being  of  the  ichthyopterygial 
type ;  and  the  axis  of  the  pelvic  fin  of  the  male  is  produced  into  the 
so-called  "  clasper,"  which  is  connected  with  reproduction.  Some 
of  the  other  features  of  this  suborder  have  been  already  mentioned 
at  the  commencement  of  this  chapter.  The  Selachians  may  be 
divided  into  two  sections,  according  to  the  structure  of  the  vertebral 
centra.  In  the  one  the  anal  fin  disappears,  and  there  is  a  tendency 
to  the  depression  of  the  body  and  the  enlargement  of  the  pectoral 
fins,  but  there  is  no  diminution  in  the  size  of  the  spiracle,  and  the 
vertebras,  when  fully  developed,  are  of  the  type  known  as  tectospon- 
dylic.  In  the  other  section  the  anal  fin  persists ;  the  shape  of  the 
body  is  always  rounded — not  even  excessively  flattened  in  the 
Scilliidce;  the  spiracle  tends  to  abort,  and  may  be  almost  or  totally 
absent  in  the  most  specialised  forms ;  while  the  fully  developed 
vertebras  are  of  the  type  known  as  asterospondylic.  The  type  of 
vertebral  centra  known  as  cyclosp07idylic  occurs  in  the  immature 
condition  of  both  sections. 

Section  a.  Tectospondyli. — In  this  section  the  vertebral  centra, 
when  fully  calcified,  have  the  concentric  laminae  predominating  over 
those  that  radiate  from  the  centre.    The  anal  fin  is  invariably  want- 
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ing ;  while  specialisation  shows  itself  in  the  depression  of  the  body 
and' the  enlargement  of  the  pectoral  fins — the  spiracles  being  always 
retained.  This  section  includes  the  Spiny  Dog-fishes,  Saw-fishes, 
Eagle-rays,  and  Rays. 

Family  Spinacid^. — In  this  family,  which  includes  the  exist- 
ing Spiny  Dog-fishes  (fig.  849),  we  have  generalised  forms,  with  the 
body  more  or  less  rounded,  and  but  slightly  depressed.  The  teeth 
are  pointed ;  the  pectoral  fins  are  devoid  of  a  notch  at  their  root, 
and  are  not  expanded  anteriorly;  while  the  gills  are  small  and 
lateral,  and  the  spiracles  large.  One  fossil  species  referred  to  the 
existing  Mediterranean  genus  Centrina  has  been  recorded  from  the 
Pliocene  of  Italy ;  but  this  determination  is  not  absolutely  certain. 
Acanthias  (fig.  849),  of  which  two  species  are  found  at  the  present 
day  in  the  temperate  seas  of  both  hemispheres,  occurs  in  the  Chalk 
of  the  Lebanon,  and  also  in  the  Miocene  of  Wiirtemberg.  Another 
fossil  form  from  the  Lebanon  has  been  referred  to  the  existing  genus 
Centrophorus,  but  it  may  perhaps  belong  to  Acanthias.  The  exist- 
ing genus  Spinax  has  been  recorded  from  the  Italian  Pliocene. 
With  Scymnus  we  come  to  another  existing  genus,  differing  from  all 
those  that  precede  by  the  absence  of  fin-spines.  It  occurs  fossil  in 
the  Pliocene  of  Italy,  which  has  also  yielded  remains  referred  to  the 
allied  Echinorhinus. 

Family  PETALODONXiDiE. — The  Petalodonts  form  a  family  ex- 
clusively Carboniferous,  presenting  the  following  characters.  The 
body  was  somewhat  depressed,  while  the  pectoral  fins  were  large, 
and  produced  forwards  in  the  direction  of  the  head  after  the  manner 
of  the  Rays.  The  teeth  (figs. 
851,  852)  formed  a  close  pave- 
ment in  the  mouth,  and  are  com- 
pressed from  before  backwards, 
with  the  crown  more  or  less  bent 
backwards,  and  either  blunt  and 
obtuse,  or  with  a  cutting-edge,  the 
root  being  often  large.  In  the 
genus  Janassa  {Climaxodus  or 
Strigilina),  which  is  common  to 
Europe  and  North  America,  the 

teetn  (^ng.  »5I)  are  so  thickened     the  English  Carboniferous. 

and  reflected,  that  the  complete 

series  forms  an  almost  entirely  triturating  surface.  These  teeth  are 
arranged  in  three  chief  rows,  as  in  the  figure,  which  gradually 
diminish  in  size  anteriorly,  and  are  flanked  by  one  or  more  smaller 
rows  of  less  thickened  teeth.  The  body  is  covered  with  fine  sha- 
green. The  North  American  Fissod-us  has  the  margin  of  the  crowns 
of  the  teeth  cleft  into  two  or  three  points  ;  while  in  Petalorhynchus, 


Fig.  851. — Posterior  aspect  of  some  of  the 
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which  is  found  both  in  Europe  and  North  America,  the  teeth  are  of 
the  same  general  type,  but  have  more  compressed  crowns,  with  long 
undivided  roots.  Again,  in  Fetalodus,  which  has  the  same  distribution 
as  the  preceding,  the  teeth  (fig.  852,  4)  are  much  elongated  trans- 
versely, and  compressed  from  before  backwards — the  crown  being 
petal-shaped,  with  a  smooth  or  slightly  crenulated  cutting-edge.  The 
nature  of  the  arrangement  of  the  entire  series  is,  however,  unknown. 
The  teeth  of  Ctenoptychius  (fig.  852,  6)  are  distinguished  by  the 
coarser  denticulation  of  their  cutting-edge — those  of  Cailoprisiodus 
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Fig.  852. — Spines  and  teeth  of  Carboniferous  Elasmobranchei.  r,  Nuchal  spine  of  Pleuracan- 
thus  Itevissimus;  2,  Fin-spine  o{  Gyracanthus ;  3,  Do.  of  Splienacanthus;  4,  Tooth  o(  Petalodiis 
acuviinatus,  seen  from  the  side ;  5,  Do.  of  Psa7mnodus,  seen  from  above ;  6,  Do.  of  Ctenopty 
chius.    1-3  are  reduced. 

differing  from  the  latter  by  the  absence  of  enamel-folds  at  the  base 
of  the  crown,  and  also  by  the  nature  of  the  root.  It  is  probable 
that  both  these  genera  occur  in  North  America  as  well  as  in  Europe. 
In  Polyrhizodus  {Dactylodus),  of  both  Europe  and  North  America, 
the  teeth  are  extremely  stout,  with  low  crowns,  usually  having  a 
sharp  cutting-edge  devoid  of  crenulations,  and  a  large  root  divided 
into  a  number  of  rootlets.  Other  allied  genera  from  Europe  are 
known  as  Glossodus  and  Mesolophodus. 

Family  Pristodontid^e. — This  family  is  only  known  by  the 
genus  Fristodus,  of  the  European  Carboniferous,  in  which  the  crown 
of  each  tooth  is  thin,  plate-like,  and  symmetrical,  with  hollows  corre- 
sponding to  elevations  in  the  opposing  tooth  of  the  opposite  jaw.  It 
has  been  suggested  that  each  jaw  carried  only  a  single  tooth. 

Family  SQUAXiNiDiE. — With  this  family  we  come  to  a  group  rep- 
resented at  the  present  day  by  the  Monkfish,  of  which  the  skele- 
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ton  of  the  pectoral  fin  is  shown  in  fig.  846  (p.  920).  The  body  is 
depressed  with  the  mouth  placed  anteriorly;  while  the  pectoral 
fins  are  much  produced  anteriorly,  although  unconnected  with 
the  head.  The  teeth  are  conical 
and  pointed ;  and  the  dorsal  fins  are 
without  spine,  and  placed  on  the  tail. 
The  only  known  genus  is  Squatina 
{Rhi?ia),  which  ranges  from  the 
Kimeridgian  upwards  to  the  present 
day;  although  some  of  the  fossil 
species  have  been  described  under 
other  names,  such  as  Thaumas. 
Beautifully  preserved  skeletons  occur 
in  the  Lower  Kimeridgian  litho- 
graphic limestones  of  Bavaria,  one 
of  which  is  shown  in  the  accompany- 
ing woodcut.  Other  species  have 
been  named  from  the  Chalk  of  the 
Lebanon  and  of  England,  and  also 
from  the  Miocene  and  Pliocene  of 
the  Continent ;  while  detached  teeth 
are  found  in  the  English  Gault,  the 
London  Clay,  and  the  Red  Crag. 

Family  PRisxiDiE. — In  the  true 
Saw-fishes  the  body  is  scarcely  de- 
pressed, the  pectoral  fins  are  not 
much  expanded,  and  the  gill-slits  are 
placed  inferiorly.  The  most  charac- 
teristic feature  is,  however,  the  so- 
called  "  saw,"  which  is  a  long  and 
flat  calcified  prolongation  of  the 
snout,  armed  with  a  series  of  large 
pointed  teeth  on  either  border.  Re- 
mains of  the  single  existing  genus 
Pristis  occur  in  the  Middle  Eocene 

of  Barton  and  Bracklesham ;  in  the  Middle  and  Lower  Eocene  and 
Micoene  of  the  Continent ;  and  the  Eocene  and  Upper  Cretaceous 
of  North  America.  Propristis,  from  the  Eocene  of  Egypt,  is  said 
to  differ  by  the  absence  of  calcification  in  that  part  of  the  "saw" 
which  supports  the  teeth ;  AmblyprisHs,  of  the  same  beds,  has 
shorter  and  broader  teeth  than  Pristis  ;  while  Sderorhynchus,  which 
may  belong  to  the  Pfistiophoridce,  differs  in  the  structure  of  the 
"  saw,"  and  the  small  size  of  the  rostral  teeth.  The  latter  family, 
which  has  lateral  gill-slits,  may  be  represented  in  the  Miocene  of 
Wiirtemberg  by  a  species  of  the  existing  Pristiophorus. 


Fig.  853. — Ventral  aspect  of  the  skeleton 
of  Squatina  speciosa ;  from  the  Kimerid- 
gian of  Bavaria,  two-thirds  natural  size. 
a,  Mandible ;  b,  Pectoral  girdle ;  c,  Pec- 
toral fin  ;  d,  Pelvis  ;  e,  Pelvic  fin. 
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Fig.  854.— Skeleton  of  Rhinohatis  Inigesiaca;  from  the  Kimeridgian  of  Bavaria, 
one-twelfth  natural  size.   (After  Zittel.) 
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Family  Rhinobatid^ — With  this  family  we  come  to  Fishes  to 
which  the  general  term  Rays  may  be  applied;  all  of  them  are 
characterised  by  their  extremely  depressed  bodies  and  the  great  de- 
velopment of  the  pectoral  fins,  so  that  the  body  proper  with  its  fins 
is  termed  the  "  disk."  The  teeth  always  form  a  kind  of  pavement 
(figs.  856,  857).  In  the  present  family  the  tail  is  long  and  stout, 
with  two  well-developed  dorsal  fins ;  while  there  is  also  a  caudal  fin, 
with  a  longitudinal  fold  on  either  side.  The  disk  is  not  excessively 
developed ;  the  rayed  portion  of  the  pectoral  fins  not  extending  to 
the  snout.  The  type-genus  Rhinobatis  {Spathobatis)  is  represented 
at  the  present  day  by  about  a  dozen  species,  which  inhabit  the 
warmer  seas,  and  attain  huge  dimensions.  The  snout  is  produced 
into  a  long  rostrum,  which  is  connected  with  the  pectoral  fin  by  a 
membranous  expansion  (fig.  854).  The  teeth  are  obtuse ;  and  the 
dorsal  fins  are  devoid  of  spines.  In  time  this  genus  ranges  from 
the  Kimeridgian  to  the  present  day ;  species  being  recorded  from 
the  lithographic  limestones  of  Bavaria  (fig.  854)  and  France;  from 
the  Portlandian  of  France ;  the  Chalk  of  the  Lebanon  and  Italy ; 
the  Middle  Eocene  of  Monte  Bolca  ;  the  Miocene  of  Wiirtemberg ; 
and  other  localities.  The  Austral- 
ian Trygonorhina,  which  differs  in 
the  structure  of  the  nasal  valves, 
is  said  to  occur  in  the  Middle 
Eocene  of  Italy.  Finally,  the  gen- 
era Belemnobatis  and  Asterodermus, 
respectively  from  the  Kimeridgian 
of  France  and  Bavaria,  appear 
connect  the  present  with  the 
lowing  family. 

Family  Raiid^e. — In  the  true 
Rays  or  Skates  (fig.  855)  the 
disk  is  broad  and  rhomboidal, 
and  usually  has  dermal  rugosities  ; 
while  the  rayed  portions  of  the 
pectoral  fins  extend  to  the  com- 
paratively short  snout.  The  tail 
is  also  shorter  than  in  the  Rhino- 
batidce,  with  a  longitudinal  fold ; 
and  the  development  of  the  median 
fin  is  subject  to  considerable  varia- 
tion. The  type  genus  Rata  {Actinobatis)  has  the  tail  very  distinct 
from  the  body  (fig.  855);  the  pectoral  fins  not  reaching  to  the 
extremity  of  the  snout ;  two  dorsals,  and  either  a  rudimental  or  no 
caudal  fin.  The  dentition  (figs.  856,  857)  often  varies  greatly  in  the 
two  sexes ;  some  or  all  of  the  teeth  in  the  male  being  sharp,  while 


Fig.  855. — The  Burton  Skate  {Rai'a  mar- 
j^maia),  one -sixth  natural  size.  Recent. 
Britain.    (After  Gosse.) 
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all  those  of  the  female  are  obtuse.  Some  of  these  Skates  measure 
upwards  of  seven  feet  across  the  disk.  In  a  fossil  state  this  genus 
occurs  m  the  Chalk  of  the  Lebanon,  and  the  Upper  Eocene  of 
Hampshire;  and  also  in  the  Suffolk  Crags  and  Italian  Pliocene 
where  it  is  represented  by  the  living  R.  davata  (figs.  8s 6,  8^?) 
The  extinct  Dynatobatis,  from  the  Tertiary  of  South  America,  is  dis- 
tinguished by  the  enormously  expanded  bases  and  the  small  spines 


Fig.  856.-Front  view  of  the  jaws  of  the  male  Thornback  Skate  (Raia  ccavata).  Reduced 


of  the  dermal  tubercles  with  which  the  body  is  studded.  Acantho- 
daiis,  from  the  Middle  Miocene  of  France  and  Wiirtemberg,  has  tall 
dermal  tubercles,  with  small  bases,  which  often  fuse  together  into 


Fig.  857.— Front  view  of  the  jaws  of  the  female  Thornback  Skate  {Kaia  clavata).  Reduced. 


groups ;  while  Oncobatis  of  the  Pliocene  of  Idaho,  which  has  these 
tubercles  of  a  pentagonal  form,  may  be  identical  with  the  type 
genus. 

Family  Torpedinid^. — The  Electric  Rays  have  the  disk  broad 
and  smooth ;  the  rayed  portion  of  the  pectoral  fins  not  continued 
beyond  the  base  of  the  snout,  and  the  median  fins  well  developed. 
The  peculiar  electric  organ  is  placed  between  the  head  and  the 
pectoral  fins.  Extinct  species  of  the  existing  genus  Torpedo  occur 
in  the  Middle  Eocene  of  Monte  Bolca,  near  Verona. 

Family  PsAMMODONXiDyE. — This  extinct  family  is  known  only  by 
portions  of  the  dentition,  so  that  its  definition  is  at  present  impos- 
sible. It  appears,  however,  from  the  parallelism  of  the  mandibular 
rami  that  the  body  must  have  been  depressed  like  that  of  the  Rays. 
The  teeth  (fig.  852,  5)  are  of  a  flattened  quadrangular  form,  with 
the  root  nearly  as  large  as  the  crown,  and  were  arranged  in  one  or 
more  longitudinal  rows,  which  were  arched  antero-posteriorly  with 
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some  alternation  of  the  teeth  of  adjacent  rows.  The  genus  Copodus 
has  symmetrical  teeth,  with  the  postero-lateral  angles  of  the  root, 
and  sometimes  also  of  the  crown,  produced  backwards ;  the  teeth 
being  narrowest  in  front,  with  the  anterior  margin  usually  either 
straight  or  convex.  The  crown  surface  when  unworn  is  rugose,  and 
marked  by  a  more  or  less  transverse  line,  which  sometimes  permits 
the  two  portions  to  be  separated.  This  genus  occurs  in  the  Car- 
boniferous of  Europe.  In  the  typical  Psammodus  the  teeth  (fig. 
852,  5)  are  quadrangular,  generally  more  or  less  oblong,  but  occa- 
sionally nearly  square,  with  the  root  much  thicker  than  the  crown, 
from  which  it  is  easily  separable  ;  the  surface  of  the  crown  being 
generally  marked  by  transverse  wrinkles.  It  is  probable  that  the 
teeth  were  arranged  in  the  jaws  in  four  longitudinal  rows.  Psam- 
modus is  represented  by  a  considerable  number  of  species  from  the 
Carboniferous  of  both  Europe  and  North  America.  Lastly,  Archce- 
obatis,  from  the  Carboniferous  of  Indiana,  is  an  allied  form,  with 
very  large  pavement-like  teeth  arranged  in  several  rows,  of  which 
the  under  surfaces  are  somewhat  excavated  to  fit  the  curvature  of 
the  jaws. 

Family  Myliobatid^. — With  the  Eagle-rays  we  come  to  an  exist- 
ing family  well  represented  in  a  fossil  state  as  far  down  as  the  Lower 
Eocene ;  vertebrae  from  Cretaceous  and  Jurassic  beds  having  been 
also  referred  to  this  family.  The  disk  is  very  large,  owing  to  the 
great  development  of  the  pectoral  fins,  which  stop  short  at  the  sides 
of  the  head,  but  reappear  at  the  extremity  of 
the  snout  in  the  form  of  a  small  single  or 
paired  cephalic  fin.  The  tail  is  extremely 
slender,  and  resembles  a  whip-lash ;  and  the 
dentition,  when  present,  forms  a  complete 
pavement.  The  type  genus  Myliobatis  has 
the  head  free  from  the  disk,  and  a  single 
cephalic  fin.  The  teeth  are  large,  flat,  and 
hexagonal,  and  are  arranged  in  seven  longitu- 
dinal rows ;  the  middle  row  in  the  adult  being 
extremely  broad,  while  the  lateral  rows  are 
lozenge-shaped  (fig.  858).  In  the  young  the 
middle  row  of  teeth  is  not  larger  than  the 
lateral  ones,  and  there  is  a  gradual  increase  in 
the  relative  breadth  of  this  row  as  the  fish  in- 
creases in  age.  The  upper  dental  plate  is  ex- 
tremely convex  from  before  backwards,  but  the 
lower  one  is  quite  flat.  In  addition  to  the 
doubtful  vertebrae  mentioned  above,  this  genus  is  known  continu- 
ously from  the  Lower  Eocene  upwards,  and  has  a  wide  distribution  in 
space.   Thus,  in  the  Eocene,  it  is  recorded  from  Europe,  India,  and 

VOL.  n.  D 


Kig.  858. —  Part  of  ihe 
lower  dental  plate  of  My- 
liobatis sh'inta,  from  the 
Middle  Eocene  of  Hrackle- 
sham,  Sussex.  Reduced. 
The  second  lateral  rows  of 
teeth  are  imperfect,  and  the 
third  wanting. 
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North  America ;  and  it  has  also  been  described  from  the  Tertiary  of 
New  Zealand.  A  very  large  number  of  specific  names  have  been 
applied  to  the  fossil  forms,  but  Mr  S.  Woodward  has  shown  that  the 
number  of  valid  species  may  be  greatly  reduced,  since  many  of  the 
characters  on  which  they  were  founded  are  solely  due  to  differences  in 
the  age  of  the  specimens.  In  Rhinoptera  {Zygobates)^  while  the  head 
is  still  free,  there  are  two  cephalic  fins,  and  the  teeth  are  arranged  in 
five  or  more  rows,  of  which  the  middle  series  and  the  adjacent  pair 
are  broad,  while  the  one  or  two  pairs  on  the  borders  form  regular 
hexagons.  This  genus  is  known  from  the  London  Clay,  the  Eocene 
of  South  Carolina,  the  Swiss  Miocene,  and  the  English  Crag,  and  is 
now  represented  by  seven  species  from  tropical  and  sub-tropical  seas. 
The  existing  genus  A'etobatis  is  distinguished  from  the  preceding 
by  the  teeth  being  arranged  in  only  a  single  longitudinal  row,  which 
is  often  bent,  and  corresponds  to  the  median  row  of  Myliobatis. 
One  species  is  found  from  the  London  Clay  to  the  higher  Eocene 
of  Barton,  and  the  genus  is  also  represented  in  the  Swiss  Miocene. 
The  existing  genus  Ceratoptera  has  no  upper  teeth. 

In  this  family  may  be  provisionally  included  the  Cretaceous  genus 
Ptychodus,  which  was  long  considered  to  be  a  Cestraciont  Shark, 

but  has  been  shown  by  Mr  Smith-Wood- 
ward to  be  a  Ray  allied  to  Myliobatis. 
The  connection  between  Ptychodus  and 
the  existing  Myliobatida  is  shown  by  the 
genus  Apocopodon,  from  the  Upper  Cre- 
taceous of  Brazil,  which  has  teeth  of  an 
intermediate  type ;  while  some  of  the 
Eocene  species  of  Myliobatis  have  teeth 
of  nearly  the  same  form  as  those  of 
Ptychodus.  The  teeth  of  this  genus  (fig. 
859)  have  quadrangular  crowns,  with  the 
enamel  of  the  central  region  thrown 
into  a  number  of  transverse  folds,  while 
the  root  is  smaller  and  lower  than  the 
crown.  The  two  sides  of  each  jaw  are 
parallel  to  one  another,  and  the  teeth  are 
arranged  in  several  parallel  rows  running 
from  back  to  front,  as  is  shown  in  the 
accompanying  diagram  (fig.  860).  It  will  be 
seen,  moreover,  that  each  jaw  has  a  single 
median  series,  composed  of  very  small  teeth  in  the  upper,  and 
of  very  large  ones  in  the  lower  jaw ;  while  on  either  side  of  this 
median  row  there  is  a  series  of  teeth  somewhat  less  large  than 
the  median  row  of  the  lower  jaw.  The  five  external  rows  gradually 
decrease  in  size  towards  the  outer  side  of  the  jaws.     A  comparison 


Fig.  S59.  —  Oral  and  lateral 
views  of  the  crown  of  a  tooth  of 
Ptychodus  polygi'rus,  from  the 
Upper  Greensand  of  Regens- 
burg.    (After  Zittel.) 
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Fig.  860. — Diagram  of  the  arrangement 
of  the  teeth  in  the  upper  (a)  and  lower  (b) 
jaws  of  Ptychodus  decurretis.  (After  S. 
Woodward.)  Reduced. 


with  fig.  858  will  show  that  the  general  plan  of  this  arrangement 
of  the  teeth  is  essentially  the  same  as  in  Myliobatis.    This  genus 
has   a   wide    distribution,  being 
found   in  the  Upper  Cretaceous 
of   Europe,    India,    and  North 
America. 

Family  Trygonid.e.  —  In  this 
family  the  pectoral  fins  continue 
to  the  extremity  of  the  muzzle,  with 
which  they  are  confluent.  The 
tail  is  slender,  and  sharply  distin- 
guished from  the  disk ;  while  the 
vertical  fins  are  imperfect  or  ab- 
sent, and  may  be  replaced  by 
serrated  spines.  There  is  some 
uncertainty  as  to  the  occurrence  of 

Trygon  in  a  fossil  state,  but  it  is  probable  that  either  this  genus  or 
the  allied  Tmniiira  date  from  the  Middle  Eocene  of  Monte  Bolca, 
and  remains  referred  to  the  former  have  been  described  from  the 
Upper  Cretaceous  of  New  Zealand.  The  extinct  Xiphotrygon,  from 
the  Eocene  of  Wyoming,  is  distinguished  by  its  cuspidate  teeth. 
Remains  referable  to  the  existing  tropical  genus  Urolophus  occur  in 
the  Middle  Eocene  of  Italy,  and  perhaps  in  that  of  Belgium ;  while 
Cyclobatis  is  an  extinct  genus  from  the  Cretaceous  of  the  Lebanon. 

Section  B.  Asterospondyli. — This  section  is  distinguished  from 
the  last  by  having  the  radiating  laminae  predominating  over  the  con- 
centric ones  in  the  fully  calcified  vertebral  centra,  so  that  a  section 
shows  a  star-like  arrangement.  The  anal  fin  is  always  present; 
while  specialisation  does  not  tend  to  a  flattening  of  the  body,  or  to 
an  expansion  and  forward  growth  of  the  pectoral  fins,  and  the  spir- 
acles are  small,  and  may  disappear.  This  section  comprises  the 
true  Sharks  and  the  Dog-fishes. 

All  these  fishes  have  elongated  and  subcylindrical  bodies,  and  a 
strong  tail,  well  adapted  for  swimming.  The  anterior,  and  veiy  fre- 
quently all  the  teeth  are  formed  on  the  type  of  a  laterally  compressed 
cone  with  trenchant  edges,  at  the  base  of,  which  two  or  more  minor 
cones  may  be  developed.  In  many  cases,  however,  the  hinder  teeth 
nave  obtuse  crowns,  adapted  for  crushing.  The  two  rami  of  the  jaws 
are  never  parallel  to  one  another,  in  consequence  of  which  the  teeth 
are  always  set  in  oblique  rows  (fig.  864),  and  never  form  the  straight 
antero-postenor  rows,  like  those  occurring  in  the  Rays  (fig.  860).  Sharks 
are  carnivorous,  and  of  active  pelagic  habits  ;  and  are  most  numerous 
in  tropical  seas,  although  they  ascend  tidal  rivers,  and  are  even  found  in 
an  inland  lake  in  the  Fiji  Islands. 

This  section  may  be  divided  into  two  series,  in  the  first  of  which' 
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there  is  but  one  dorsal  fin,  and  the  number  of  the  gill-clefts  exceeds 
five. 

Family  NoTiDANiD.ffi. — The  single  family  of  this  series  is  repre- 
sented by  the  genera  Notidanus  and  Chlamydoselache,  both  of  which 
inhabit  the  warmer  seas.  The  dorsal  fin  has  no  spine,  and  the  teeth, 
of  which  several  series  are  in  use  at  the  same  time,  have  sharply 
pointed   cusps.     Notidanus  {Heptanchus,  Hexanchus)  is  readily 


Mi7 


Fig.  86i. — Left  lateral  view  of  the  skull  of  Notidanus.  Recent.  Reduced.  R,  Rostrum  ; 
AF  PF  Pre-  and  postorbital  processes;  Orb,  Orbit;  NK,  Nasal  capsule;  +,  Articulation  of 
palatopterygoid  {,PQ)  \  6-",  Articulation  of  Meckel's  cartilage  {Md) ;  Z,  Teeth  ;  WS,  Vertebral 
column.    (After  Wiedersheim.) 


characterised  by  the  inferior  position  of  the  mouth  and  the  peculiar 
form  of  the  lateral  teeth.  These  lateral  teeth  (figs.  86 1,  862)  are 
comb-like,  consisting  of  a  series  of  compressed  cones,  inclined  in 
one  direction,  and  fixed  upon  an  elongated  base ;  the  anterior  cone 
being  the  largest,  and  frequently  having  cusps  at  the  base  of  its 

anterior  border.  The  lower  teeth 
are  more  complex  than  the  upper, 
and  the  anterior  teeth  in  both  jaws 
are "  simple  and  awl  -  shaped.  The 
primitive  position  of  this  genus  is 
shown  by  the  persistent  notochord 
and  the  characters  of  the  skull 
(fig.  861).  The  latter  approaches 
the  so-called  amphistylic  type,  differ- 
ing from  that  of  all  other  existing 
Selachians  by  the  slenderness  of  the 
upper  part  of  the  hyoid  arch,  which 
does  not  support  the  palatopterygoid 
bar  and  mandible.  The  palatoptery- 
goid is  connected,  however,  with  the  cranium  by  a  distinct  facet 
articulating  with  the  postorbital  process. 


Fig.  862.— Lower  teeth  of  Notidanus 
gigas;  from  the  Red  Crag.  The  an- 
terior cusps  are  worn  away  in  the  lower 
figure.    (After  Smith- Woodward.) 


This  structure  is  re- 
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garded  by  Mr  Smith-Woodward  as  but  very  slightly  removed 
from  the  original  primitive  condition;  Cestracion,  in  which  the 
hyomandibular  becomes  distinctly  differentiated,  being  a  step  in 
advance.  In  time  this  genus  is  definitely  known  to  range 
from  the  Middle  Jurassic  of  the  Oxford  Clay  to  the  present 
day;  it  has  indeed  been  recorded  from  the  Lias,  but  the  deter- 
mination is  more  than  doubtful.  Nearly  all  the  described  species 
are  European,  but  one  has  been  recorded  from  the  Tertiary  of 
New  Zealand.  Some  of  the  fossil  teeth  show  signs  of  wear  at 
their  summits,  and  it  thus  seems  that  they  must  have  been  firmly 
implanted  in  the  jaws  like  those  of  the  Hybodonts  ;  specialisation 
having  apparently  tended  to  produce  a  loose  dental  articulation 
throughout  the  section.  The  genus  Chlamydoselache  has  a  terminal 
mouth,  with  lateral  teeth  similar  in  both  jaws,  and  consisting  of  three 
slender  cones  separated  by  smaller  cusps ;  the  notochord  being  partly 
calcified.  This  genus  is  now  known  by  a  single  living  species  from 
the  Japanese  seas,  but  teeth  from  the  Pliocene  of  Tuscany  have 
been  referred  to  it.  It  will  be  observed  from  the  figure  that  the 
mandibular  articulation  of  Notidanus  is  placed  far  behind  the 
cranium  proper,  and  it  is  noteworthy  that  a  similar  condition  ob- 
tains in  Pleuracanthus  among  the  Ichthyotomi. 

Family  CochliodontidjE. — With  this  family  we  enter  the  second 
series  of  the  section,  in  which  there  are  two  dorsal  fins  and  five  gill- 
clefts.  The  present  extinct  family  is  an  ill-defined  one,  apparently 
allied  to  the  Cestracmitida,  but  with  a  more  specialised  dentition. 
The  dentition  is  formed  from  that  of  the  Cestraciontidce  {infra)  by 
the  welding  of  at  least  one  of  the  oblique  transverse  rows  of  teeth 
encircling  each  ramus  of  the  jaws  into  a  continuous  curved  plate 
(fig.  863),  which  may  have  either  a  smooth  crown-surface,  or  may 
be  marked,  as  in  the  figured  example,  by  grooves  and  ridges,  indi- 
cating its  compound  origin.  These  dental  plates  grow  by  additions 
to  their  inner  borders,  while  the  outer  borders  are  usually  involuted. 
The  dorsal  fins  were  provided  with  spines.  This  family  comprises 
a  number  of  genera  from  the  Carboniferous,  only  some  of  which  can 
be  very  briefly  noticed  in  this  work.  The  one  most  imperfectly 
known  is  Helodus,  from  the  English  Carboniferous,  which  appears 
allied  to  the  next,  but  does  not  seem  to  have  had  the  teeth  welded 
into  plates,  and  therefore  differs  from  the  accepted  definition  of  the 
family.  Pleiiroplax  (Pleurodus)  and  Pscphodus  are  more  typical 
forms,  the  latter  occurring  both  in  Europe  and  North  America. 
The  dental  plates  of  Psephodus  form  at  least  one  series  of  smooth 
curved  teeth,  without  coronal  ridges  or  involution  of  the  outer 
border ;  and  there  were  also  smaller  rows  of  lateral  teeth,  as  well  as 
some  prehensile  teeth  at  the  extremities  of  the  jaws.  Sandalodus  is 
known  by  the  huge  dental  plates,  which  are  of  an  elongated  trian- 
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gular  shape,  with  the  outer  border  shghtly  involuted,  and  an  undu- 
lating coronal  contour  in  the  upper  jaw;  the  genus  occurring  in 
Europe  and  the  United  States.  Other  genera  which  can  be  merely 
mentioned  are  Tomodus,  Xysirodus,  Deltodus,  and  Fcecilodus ;  the 
three  last  being  common  to  Europe  and  North  America.  Teeth 
referred  to  Pacilodus,  and  to  the  above-mentioned  genus  Fsephodus, 
have  also  been  described  from  the  Carboniferous  of  Northern  India  ; 
and  the  teeth  from  the  same  beds  described  under  the  name  of 


narrow  from  before  backwards,  with  a  ridge  on  the  hinder  border  of 
its  crown  resembling  the  median  ridge  of  the  larger  plate.  The 
remaining  genera  of  this  family  are  Strebiodus,  Deltoptychius,  Diplac- 
odus,  and  Cyrtonodus,  of  which  the  two  last  are  doubtfully  entitled 
to  distinction ;  while  other  names  have  been  applied  to  detached 
anterior  teeth. 

Family  Cestraciontid^. — This  family,  which  may  be  taken  to 
include  the  Orodontida.  and  Hybodontida  of  many  writers,  is  repre- 
sented by  a  considerable  number  of  genera  ranging  from  the  Car- 
boniferous to  the  present  day;  all  the  existing  species  being  included 
in  the  type  genus  Cestracion,  of  which  the  upper  dentition  is  shown 
in  fig.  864.  The  family  is  characterised  by  the  presence  of  a  spine 
to  each  dorsal  fin,  of  which  the  first  is  placed  immediately  above 
the  interval  between  the  pectoral  and  pelvic  fins.  The  teeth  are 
generally  more  or  less  obtuse,  with  several  series  in  use  at  the  same 
time,  and  those  of  each  oblique  series  never  fused  into  continuous 
plates.  One  of  the  oldest  genera  is  Orodus  (more  correctly  Oreodus), 
of  the  Carboniferous  of  Europe  and  the  United  States,  in  which  the 
teeth  are  of  the  general  type  of  those  of  Hybodus,  and  are  only  regarded 
by  Mr  S.  Woodward  as  entitled  to  separation  on  account  of  the 
absence  of  other  associated  remains  which  are  characteristic  of  the 
Mesozoic  genus.  It  is  probable  that  some  of  the  dorsal  fin-spines 
originally  described  under  the  name  of  Ctenacanthus  belong  to 


Helodopsis  are  likewise  referable  to 
the  present  family.  In  the  type 
genus  Cochliodus,  of  Europe  and 
the  United  States,  there  are  two 
pairs  of  dental  plates  in  the  man- 
dible (fig.  863),  in  which  the  outer 
border  is  much  involuted.  The 


^^^^^^^^^^^^  posterior  plate  is  elongated  antero- 

posteriorly,  and  has  its  anterior 
F!g.  863.— Lower  dental  plates  of  Cociiii-  and  postcrior  bordcrs  Converging 

odus  contortus;  from  the  Carboniferous  of        .         11  1  •        .     1  ,? 
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Orodus.  Most  of  these  spines  (fig.  852,  2)  are,  however,  referable 
to  the  allied  Carboniferous  genus  Sphenacanthus ;  and  they  are 
characterised  by  their  ornamentation  of  robust  longitudinal  ridges. 


Fig.  864. — Upper  jaw  of  the  Port  Jackson  Shark  (Cestracion  Philippi).    One-half  natural 

size.   (After  Owen.) 

which  are  partly  nodose.  Other  Carboniferous  genera  are  Campodus, 
Diclitodus,  and  Tristychms,  some  of  which  have  several  synonyms. 
In  the  Thuringian  Permian  this  family  is  represented  by  the  genus 
Wodnika,  in  which  the  teeth  have  large  and  smooth  crowns  well 


Fig.  865. — Tooth  of  Hy-  Fig.  866. — Imperfett  fin-spine  o(  Hyboiius  (cf)  basanus ;  from 

hodus  raricostalus ;  from  the  Lower  Cretaceous.  Reduced, 

the   Lias   of  Dorsetshire. 
(After  S.  Woodward.) 


adapted  for  crushing ;  while  in  the  Muschelkalk,  or  Middle  Trias, 
we  have  the  imperfectly  known  Palceobatis,  with  teeth  very  like  those 
of  Asteracanthus.  With  the  genus  Hybodus,  ranging  from  the  Mus- 
chelkalk to  the  Lower  Greensand  of  Europe,  we  come  to  a  type 
which  is  now  almost  as  well  known  to  us  as  existing  Sharks,  owing 


942 


CLASS  PISCES. 


to  the  beautiful  preservation  of  many  of  the  specimens  from  the 
Lias,  in  which  deposits  these  fishes  were  abundant.  Many  of  the 
numerous  species  attained  very  large  dimensions;  and  the  genus 
may  be  defined  by  the  following  characters.  The  teeth  (fig.  865) 
are  conical  or  cuspidate,  the  crown  being  more  or  less  striated,  with 

one  main  cone,  flanked  by  one  or 
more  lateral  cones,  and  the  root 
being  more  or  less  depressed. 
The  teeth  at  the  symphysis  are 
large  and  few  in  number ;  while 
the  fin-spines  (fig.  866)  are  lon- 
gitudinally grooved  and  ridged, 
with  two  rows  of  denticles  placed 
near  the  posterior  borders.  The  most  remarkable  feature  is,  how- 
ever, the  presence  of  two  large  hook-like  spines  immediately  behind 
each  orbit,  which  have  been  described  under  the  name  of  Sphen- 
onchus.    The  notochord  is  persistent. 


Fig.  867.— Tooth  o{  Acrodus  nobitis,  from 
the  Lower  Lias  of  Lyme-Regis. 


Specimens  of  the  Lower  Liassic  H.  Dclabechei  show  the  whole  of  the 
dentition  in  situ  ;  and  it  appears  from  these  that  there  was  no  median 
symphysial  row  of  mandibular  teeth,  but  that  there  were  ten  transverse 
rows  of  lower  teeth,  with  five  teeth  in  each  row,  while  the  number  of  rows 
in  the  upper  jaw  was  either  nine  or  ten.    In  the  later  fonns,  such  as  H. 

basanus  of  the  Wealden,  the  teeth 
differ  from  those  of  the  typical 
Liassic  forms  by  the  taller,  com- 
pressed, and  nearly  smooth  crowns, 
and  Mr  Woodward  suggests  that 
it  may  eventually  be  advisable  to 
refer  these  types  to  a  distinct 
genus.  The  orbital  hooks  found 
in  the  Oxford  and  Kimeridge  clay 
indicate  fishes  of  very  large  di- 
mensions. 

The  genus  Acrodus  is  closely 
allied  to  the  preceding ;  but 
the  teeth  (fig.  867)  are  non- 
cuspidate  and  more  rounded. 
This  genus  is  abundant  in  the 
Lias,  where  it  is  represented  by 
the  large  A.  ?wbiUs,  which  is  the 
type  ;  but  it  also  extends  down- 
wards to  the  Muschelkalk,  and  ranges  upwards  as  high  as  the  Chalk. 
The  majority  of  the  species  are  European,  but  the  genus  has  also 
been  recorded  from  the  Cretaceous  of  North  America,  as  well  as 
from  certain  beds  in  that  country  which  have  been  stated  to  be 
Miocene. 


Fig.  868. — Part  of  the  palate  of  Asteracanthus 
oniatissiiitus,  from  the  Great  Oolite  of  Caen. 
Reduced.    (After  Owen.) 
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Asteracanthus  {Strophodus)  agrees  with  Hybodus  in  the  persistent 
notochord  and  the  presence  of  orbital  spines,  but  differs  in  the 
characters  of  the  fin-spines  and  teeth  (figs.  868,  869).  The  prin- 
cipal teeth  form  irregular  rhomboids,  with  slightly  arched  and 
flattened  crowns,  marked  by  a  reticulate  ornamentation — the  sym- 
physial  teeth  being  large,  few,  and  simple.  The  fin-spines  are 
marked  by  stellate  tubercles,  which  are  sometimes  fused,  and 
have  two  posterior  mesial  series  of  denticles.  The  type  species 
(fig.  868)  is  of  great  size,  and  occurs  typically  in  the  Great 
Oolite  of  the  Continent  and  England,  but  ranges  upwards  to 
the  Kimeridge  Clay,  and  thus  presents  a  remarkable  instance 
of  persistence.  This  genus  is  also  represented  in  the  Purbeck. 
Other  extinct  genera  are  Palceospinax,  from  the  Lias,  and  Synech- 
odus  from  the  English  Chalk,  both  of  which  have  teeth  closely 
resembling  those  of  Hybodus  ; 
but  the  fin-spines,  at  least  in 
the  former,  were  smooth,  like 
those  of  Cestracion.  The  Cre- 
taceous genus  is  the  more 
specialised,  and  approximates 
in  cranial  structure  to  Noti- 
dafius,  the  palatopterygoid  ar- 
ticulating directly  with  the 
cranium.  Finally,  the  existing 
genus  Cestracion  (in  which  may 
be  included  forms  described 
under  the  names  of  Gyropleu- 

roduS  and  DrepanOphorUs)  OC-  F'g-  869.— Lateral  and  oral  surfaces  of  a  tooth 
curs  m  Europe  from  the  Kmi-     of  the  Continent.    (After  Zittel.) 

eridgian   of  Bavaria  to  the 

London  Clay,  and  is  now  represented  by  four  species  in  the 
Australian  and  Japanese  seas.  This  is  a  specialised  genus  differing 
from  Asteracanthus  by  the  absence  of  orbital  spines,  the  numerous 
and  small  symphysial  teeth  (fig.  864),  the  smooth  fin-spines,  and  the 
full  calcification  of  the  vertebral  column. 

Family  Scylliid^. — This  is  a  family  of  small  extent,  and  most  of 
the  members  of  which  are  of  relativefly  small  dimensions.  The 
dorsal  fins  have  no  spines,  and  the  first  is  placed  above  or  behind 
the  pelvic  fin ;  while  the  teeth  are  small  and  cuspidate,  generally 
several  series  being  simultaneously  in  use.  The  living  forms  are 
commonly  known  as  Dog-fishes.  Palceoscyllium,  of  the  Lower  Kim- 
eridgian  of  Bavaria,  seems  to  be  allied  to  the  existing  Ginglymostoma 
and  Scyllium.  Scylliodus,  of  the  English  Chalk,  is  an  imperfectly 
known  form  with  teeth  like  Scyllium,  but  with  vertebree  approximat- 
ing to  Lanma.    Scyllium  itself  is  represented  in  the  Cretaceous  of 
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the  Lebanon  and  in  the  Continental  Miocene ;  while  allied  extinct 
genera  are  Frisiiurus,  from  the  Lower  Kimeridgian  of  Bavaria,  and 
Mesitia,  from  the  Lebanon  beds.  Finally,  the  existing  Chiloscyl- 
lium  occurs  in  the  Miocene  of  Wiirtemberg ;  while  Ginglymostoma, 
of  which  some  of  the  existing  species  attain  a  length  of  1 2  feet,  is 
represented  in  the  Eocene  of  Alabama. 

Family  Lamnid^. — This  family  comprises  the  largest  of  the 
Sharks,  and  is  characterised  by  having  the  first  dorsal  fin  placed 
above   the  interval  between  the  pectoral  and  pelvic  fins,  and 

without  a  spine.  The  teeth  are  acu- 
minate, and  when  fully  adult  are 
solid  throughout.  The  earliest  form 
which  has  been  referred  to  this  family 
is  Carcharopsis,  known  by  detached 
teeth  from  the  Carboniferous  of  Europe 
and  North  America.  The  type  genus 
Laitma,  in  which  Otodus  may  be  in- 
cluded, comprises  the  existing  Por- 
beagles, and  has  large  lanceolate  teeth 
(fig.  870)  with  basal  cusps,  but  without 
marginal  serrations.  Teeth  agreeing 
with  those  of  existing  forms  in  their 
general  contour  are  found  in  Europe 
from  the  Lower  Miocene  (fig.  870) 
upwards,  the  so-called  Z.  acummata, 
from  the  Chalk,  belonging,  however, 
to  the  next  genus.  In  another  group  of  this  genus,  formerly  known 
as  Otodus,  the  teeth  (fig.  871)  are  distinguished  by  the  great  corn- 


Fig.  870. — Tooth  of  Lamna  cus- 
fiidata,  from  the  Lower  Miocene 
(Oligocerie)  of  Germany.  (After 
Zittel.) 


Fie  871  —Tooth  of  Lamna  afifiendiculata,  Fig.  872.— Tooth  of  Oxyrhina  filicatilis, 

from  the  EngUsh  Chalk.  from  the  Hungarian  Miocene. 

pression  of  the  crown,  the  large  basal  cusps,  and  the  shortness  of 
the  root.  Teeth  of  this  type  occur  in  Europe  from  the  Gault  to 
the  London  Clay,  and  are  also  represented  in  the  Upper  Cretaceous 
of  Southern  India  and  New  Zealand.  The  nearly  allied  but  extmct 
genus  Oxyrhina  is  characterised  by  the  still  greater  compression  of 
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the  crowns  of  the  teeth  (fig.  872),  which  are  generally  devoid  of 
basal  cusps.  It  has  been  recorded  from  the  Jurassic,  and  occurs 
abundantly  in  the  Chalk  of  Europe,  India,  and  New  Zealand,  and 
is  also  represented  in  the  European  Miocene.  Teeth  from  the 
Upper  Cretaceous  of  Europe  and  India,  differing  from  those  of 
Lamna  by  the  nearly  circular  section  of  their  crowns,  have  been 
referred  to  the  existing  genus  Odontaspis ;  but  Mr  S.  Woodward 
considers  that  they  belong  to  a  genus  from  the  Cretaceous  of  the 
Lebanon,  originally  described  under  the  preoccupied  name  oi  Rhino- 
gnathus,  but  now  known  as  Scapanorhynchus.  Odontaspis  itself 
occurs  in  the  Eocene.  Teeth  of  a  long  and  slender  type,  from  the 
Upper  Jurassic  and  Lower  Cretaceous,  have  been  described  under 


the  name  of  Sphenodus,  now  changed  to  Orthacodus.  Other  teeth, 
from  the  Continental  Miocene,  have  been  referred  to  the  existing 
genus  Alopecias  or  "Threshers."  With  Carcharodon  we  come  to 
Sharks  of  enormous  size,  characterised  by  their  large,  flat,  and  reg- 
ularly triangular  teeth  (fig.  873),  in  which  the  edges  are  serrated, 
and  there  are  no  basal  cusps.  The  one  existing  species  attains  a 
length  of  40  feet,  and  has  teeth  measuring  a  little  over  2  inches 
along  the  margins,  with  a  basal  width  of  1.8  inches.  It  occurs  fossil 
m  the  Pliocene  of  Europe.  In  the  Red  Crag,  and  also  at  the  bottom 
of  the  Pacific,  teeth  are,  however,  found  in  which  the  corresponding 
dimensions  are  5  and  4  inches,  and  thus  indicate  enormous  indi- 
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viduals.  Smaller  teeth  (fig.  873)  also  occur  commonly  in  the 
Miocene  of  Malta,  the  Tertiary  of  New  Zealand,  and  still  smaller 
forms  (fig.  874)  in  the  Lower  Miocene  and  Eocene  of  the  Con- 
tinent ;  and  the  genus  is  also  represented  in  the 
Pliocene  of  Burma.  Its  earliest  representative 
is,  however,  C.  longidens,  from  beds  which  appear 
to  be  of  the  age  of  the  Maastricht  or  topmost 
Cretaceous.  Small  compressed  and  triangular 
teeth,  usually  with  serrated  edges,  from  the  Chalk 
of  Europe  and  India,  to  which  the  name  Corax 
cIr3mroX7'^°AuI  ^as  been  applied,  probably  indicate  Sharks  allied 
ius,  from  the  Lower   to  CarcharodoH,   although  in  external  contour 

Miocene   of  the    Con-  .  ° 

tinent.  Reduced.         they   approximate   to   the   teeth  of  the  next 
family  :  they  have,  however,  solid  crowns.  The 
genus  Cetorhinus  (^Selache),  now  represented  by  the  huge  Basking 
Shark,  dates  from  the  Pliocene. 

Family  CARCHARiiDiE. — The  last  family  we  have  to  mention  is 
distinguished  from  the  preceding  by  the  presence  of  a  nictating 
membrane  to  the  eye,  and  also  by  the  hollow  crowns  of  the  teeth. 
It  is  unknown  before  the  Upper  Cretaceous,  and  is  dominant  at  the 
present  day.  The  teeth  have  triangular  and  compressed  crowns, 
usually  with  more  or  less  distinctly  serrated  edges.  The  genus 
Hemipristis,  of  the  Upper  Chalk  and  Lower  Tertiary,  is  charac- 
terised by  its  tall  lanceolate  teeth,  the  crowns  of  which  have  both 
edges  coarsely  serrated,  except  at  their  summits.  The  existing 
genus  Gakocerdo  is  first  recorded  from  the  topmost  Cretaceous  of 
Holland,  and  occurs  throughout  the  European  and  American  Ter- 
tiaries  from  the  Eocene  upwards  ;  the  existing  forms  being  known  as 
"Topes."  Carcharias,  including  the  well-known  Blue  Shark,  has 
small  and  generally  triangular  teeth,  those  of  the  upper  being  very 
different  from  those  of  the  lower  jaw.  It  may  be  divided  into 
several  groups  from  the  structure  of  the  teeth,  which  in  some  forms 
have  smooth  edges.  It  first  occurs  in  the  London  Clay,  and  is 
thence  found  throughout  the  European  Tertiary  series ;  it  has  also 
been  recorded  from  the  Egyptian  Eocene,  and  is  found  in  the  fresh- 
water Pliocene  Siwaliks  of  north-western  India.  The  strange  Ham- 
mer-headed Shark,  the  only  representative  of  the  genus  Sphyrna 
{Zygana),  has  teeth  so  closely  resembling  those  of  Carcharias  that 
it  is  almost  impossible  to  distinguish  detached  specimens.  It  ap- 
pears, however,  that  there  is  sufficient  evidence  to  prove  the  exist- 
ence of  a  species  of  the  former  genus  in  the  Miocene  of  Europe  and 

of  the  United  States.  . 

IcHTHYODORULiTES.— In  conclusion,  a  brief  notice  may  be  given 
of  a  few  of  the  numerous  genera  founded  upon  the  so-called  "  ich- 
thyodorulites "  or  spines,  of  which  the  serial  position  cannot  at 
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present  be  determined,  and  several  of  which  are  probably  referable 
to  the  Chimeroidei.  The  earliest  of  these  is  Onchus  (fig.  875,  a), 
from  the  Silurian  bone-bed  of  Ludlow,  to  which  genus  may  also 
belong  the  dermal  denticules  {ibid.,  b)  described  under  the  name  of 


Pig  875.— Spine  (a)  oi  Onchus  ieiiuistriatus,  and  (d)  Dermal  plates  of  Thelodus; 
from  the  Silurian  of  Ludlow. 

Thelodus.  In  the  Devonian  of  North  America,  and  also  in  the 
Upper  Silurian  or  Devonian  of  Bohemia,  large  spines  have  been 
described  under  the  name  of  Machceracanthus  (fig.  876),  which 
probably  belonged  to  the  dorsal  fins.    Gyracanthus  is  based  on 


Fig.  876.  —Fin-spine  of  Machceracanthus  major;  from  the  Devonian  of  North  America. 
One-half  natural  size.    (After  Newberry.) 


unsymmetrical  spines  (fig.  852,  2),  which,  it  has  been  suggested, 
may  belong  to  the  pectoral  fins.  Other  Carboniferous  specimens 
have  been  named  Lophacajithus  and  Oracanthus  (England),  Eu- 
acanthus  (Russia),  Xy  sir  acanthus  (North  America  and  India),  and 
Thawnatacanthiis  (India). 
The  spines  described  as 
Oracanthus  are  now  known 
to  belong  to  the  head  of 
a  Selachian,  and  not,  as 
at  first  supposed,  to  the 
tail  of  a  Placodermic  Ga- 
noid. It  will  be  un- 
necessary to  mention  a 
number  of  other  types 
from  various  deposits  ;  but 
we  must  not  conclude 
without  referring  to  the 
remarkable  specimens  (fig. 
877)  from  the  Carboniferous  of  North  America  and  Australia,  to 
which  the  name  Edestus  has  been  given.  These  have  a  highly 
curved  axis,  bearing  compressed  lancet-like  teeth,  with  serrated  edges 


Fig.  877.  -  Part  of  (?  caudal)  spine  of  Edestus  vorax ; 
from  the  Carboniferous  of  North  America.  One-half 
natural  size.    (After  Newberry.) 
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either  on  the  convex  or  on  both  borders.  It  is  suggested  that  they 
may  have  been  carried  on  prominences  in  the  caudal  region.  And 
after  describing  the  best  preserved  remains  of  this  genus,  Dr  New- 
berry concludes  as  follows  :  "  Hence,  until  further  light  shall  be 
thrown  upon  the  interesting  question  of  the  homologies  and  functions 
of  [the  remains  of]  Edestus,  we  may  regard  them  as  the  post-dorsal 
spines  of  large  cartilaginous  fishes,  of  which  the  other  parts  are  yet 
unknown,  and  may  suppose  that  they  were  used  for  attack  and  de- 
fence, like  the  spines  of  Trygon  or  Acanthurus." 

Spines  of  similar  type  from  the  Carboniferous  of  Russia,  origin- 
ally described  as  Edestus  protopiraia,  have  been  subsequently  made 
the  type  of  the  genus  Protopirata,  although  it  is  doubtful  whether 
this  term,  having  been  first  made  a  specific  one,  is  admissible  as  a 
general  one. 
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CLASS  PISCES— continued. 

Orders  Chimeroidei  and  Dipnoi. 

Order  III.  Chimeroidei. — The  Chimseroids  are  marine  fishes, 
regarded  by  some  writers  as  a  suborder  of  Elasmobranchei ;  but 
although  they  resemble  Sharks  in  external  contour,  in  the  presence 
of  "  claspers  "  on  the  pelvic  fins  of  the  male,  and  in  the  structure 
of  the  egg-capsules,  yet  they  present  such  important  differences  as 
to  indicate  the  propriety  of  referring  them  to  a  distinct  order.  The 
skeleton  is  entirely  cartilaginous,  and  the  vertebral  column  only 
imperfectly  segmented ;  the  notochord  being  surrounded  by  a  series 
of  cartilaginous  rings,  which  may  be  partly  calcified.  The  skin  of 
the  typical  forms  is  usually  quite  naked  in  the  adult,  but  in  the 
young  there  is  a  row  of  small  dermal  ossifications  on  the  back. 
The  skull  is  movably  articulated  to  the  vertebral  column,  and  has 
the  hyomandibular  fused  with  the  palatopterygoid  bar,  and  the  latter 
firmly  united  to  the  cranium,  with  which  the  mandible  consequently 
articulates  without  the  intervention  of  a  separate  suspensorium — 
this  arrangement  being  termed  autostylic.  The  gill-clefts  are  four  in 
number,  and  protected  by  a  fold  of  skin  containing  a  cartilaginous 
gill-cover ;  their  communication  with  the  exterior  being  effected  by 
a  single  aperture.  The  mouth  is  always  terminal;  and  in  the  recent 
forms  each  jaw  carries  one  pair  of  molariform  teeth,  respectively 
attached  to  the  palatopterygoid  and  Meckel's  cartilage  (mandible), 
with  the  addition  of  a  smaller  anterior  pair  of  vomerine  cutting-teeth 
in  the  upper  jaw — all  these  teeth  persisting  throughout  life.  The 
fins  are  similar  in  structure  and  position  to  those  of  the  Sharks  ;  the 
first  dorsal  always  carrying  a  strong  spine,  which  articulates  with 
the  neural  spines  of  the  vertebrse,  and  is  thus  susceptible  of  motion. 
In  the  absence  of  a  swim-bladder  the  Chimeroids,  again,  agree  with 
the  Elasmobranchs.  There  is  a  lateral  line  strengthened  by  carti- 
laginous rings.    From  the  absence  of  any  membrane  bones,  the 
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massive  teeth,  which  are  strictly  comparable  to  those  of  the  Dipnoi, 
constitute  the  whole  of  the  solid  part  of  the  jaws. 

This  order  may  be  regarded  as  in  some  respects  connecting  the 
Elasmobranchs  with  the  Dipnoi — the  autostylic  cranium  and  the 
dentition  being  essentially  Dipnoid.  Chim^roids  have  existed  from 
the  Lias  upwards,  and  not  improbably  date  from  the  Devonian ; 
while,  as  is  usually  the  case,  some  of  the  extinct  genera  show  much 
more  generalised  affinities  than  their  existing  representatives. 

Family  Squaloraiid^. — The  extinct  genus  Squaloraia  was  long 
regarded  as  an  Elasmobranch  of  somewhat  uncertain  affinities ;  but 
according  to  the  observations  of  Dr  Traquair,  it  should  find  a  place 
in  the  present  order.  In  this  genus,  which  is  confined  to  the  Lias, 
there  is  an  elongated  body ;  while  the  skull  is  produced  into  a  long 
flat  rostrum,  and  carries  a  basal  pair  of  teeth  separated  at  the  sym- 
physis, in  advance  of  which  are  two  small  vomerine  teeth  of  the 
normal  Chimaeroid  type.  Further,  the  skull  of  the  male  has  a  pre- 
hensile spine  on  the  upper  part  of  the  snout,  resembling  in  structure 
that  found  in  Ischyodus.  The  "  lateral  line "  agrees  with  that  of 
other  Chimseroids  in  being  open,  and  protected  by  cartilaginous 
rings  ;  while  the  skin  appears  to  have  been  entirely  naked.  The 
vertebrae  are  of  the  Tectospondylic  type  of  those  of  the  Rays.  The 
skull  has  been  described  as  hyostylic,  but  Dr  Traquair  considers 
that  this  is  due  to  crushing,  and  that  it  is  really  of  the  autostylic 
structure. 

Family  Chim^rid^e. — Nearly  all  the  remaining  forms,  from  the 
Lias  upwards,  may  apparently  be  included  in  this  family,  which  is 
now  represented  by  Chi7n(zra  and  Callorhynchus.  The  teeth  are  of 
enormous  size,  those  of  opposite  sides  meeting  in  a  median  sym- 
physis ;  and  each  tooth  has  one  or  more  triturating  ridges,  or  pro- 
minences, differing  in  appearance  from  the  rest  of  the  tooth,  which 
may  be  conveniently  termed  tritors.  The  type  genus  Chinmra  has 
the  teeth  adapted  for  cutting  ;  those  of  the  mandible  being  thin  and 
plate-like,  with  one  large  median  tritor,  and  two  tritors  near  the  an- 
terior extremity,  and  an  outer  series  in  the  form  of  dots ;  while  the 
palatal  tooth  varies  considerably  in  shape.  This  genus  is  repre- 
sented at  the  present  day  by  three  species,  and  has  also  been  re- 
corded from  the  Pliocene  of  Italy  and  the  Miocene  of  Bavaria.  In 
Elasmodedes  {Elasmognathus)  of  the  English  Chalk,  the  mandibular 
teeth  are  likewise  of  a  cutting  type,  but  without  the  median  tritor. 
The  extinct  Ischyodus,  which  in  England  ranges  from  the  Upper 
Jurassic  to  the  Chalk,  but  has  also  been  recorded  from  the  Eocene 
of  North  America  and  the  Cretaceous  of  New  Zealand,  appears  to 
connect  Chinmra  with  the  next  genus  ;  the  teeth  being  more  adapted 
for  crushing.  The  mandibular  teeth  are,  indeed,  more  massive, 
and  generally  have  two  well-marked  tritors  externally  to  the  large 
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median  one ;  while  there  is  a  spine  on  the  rostrum.  Edaphodon, 
which  ranges  from  the  Lower  Greensand  to  the  Middle  Eocene  of 
Bracklesham,  like  the  last  genus,  attains  gigantic  dimensions,  but 
has  its  teeth  adapted  entirely  for  crushing.  The  mandibular  tooth 
(fig.  878)  is  very  massive,  and  has  its  symphysial  surface  (which  in 
the  preceding  genera  is  narrow  and  grooved)  very  wide  and  quite 
flat,  while  there  are  two  outer  and  one  median  tritors,  as  well  as  a 
terminal  tritor  which  is  not  shown  in  the  figure.  Each  palatal  tooth 
is  furnished  with  three  tritors.  Teeth  of  this  genus  are  common  in 
several  Cretaceous  and  Tertiary  deposits.  Elasmodus,  which  is 
found  in  the  Lower  and  Middle  Eocene  of  England,  appears  to  be 


Fig.  878. — Inner  surface  of  the  right  mandibular  tooth  of  Edaphodon gigas ;  from  the  English 
Chalk.    Reduced.   (After  Egerton.) 

allied  to  the  preceding  genus ;  while  in  the  existing  Callorhynchus 
we  apparently  have  the  most  specialised  representative  of  the  group 
with  crushing  teeth.  The  latter  genus  is  represented  by  an  existing 
species  in  the  Southern  seas,  and  by  a  fossil  one  from  the  Lower 
Cretaceous  of  New  Zealand.  The  mandibular  tooth  is  massive, 
with  a  narrow  symphysis,  and  only  a  single  tritor,  representing  the 
large  median  one  of  Edaphodon.  Other  European  forms  are  Gan- 
odus,  from  the  Lower  Jurassic  of  Stonesfield,  in  which  the  tritors  of 
the  mandibular  tooth  are  confluent ;  and  Myriacanthus  (Prognath- 
odus  or  Metopacanthus\  of  the  Lower  Lias  of  Dorsetshire,  which  is 
known  both  by  the  spines  and  the  teeth.  Its  premaxillary  teeth  are 
chisel-like  in  shape.  Leptacanthus  of  the  Lias,  and  Dipristis  of  the 
Middle  Miocene,  are  imperfectly  known  forms  probably  referable  to 
this  family.  In  North  America  the  names  Eumylodus,  Leptomylus, 
Byactmus,  Diphrissa,  Isotcenia,  and  Sphageopaa  have  been  applied 
to  Cretaceous  forms,  while  a  Miocene  type  has  been  called  Mylo- 
gnathus  ;  but  there  is  considerable  doubt  whether  all  these  forms  are 
really  distinct  from  European  genera. 

As  genera  of  which  the  family  position  is  uncertain  may  be  men- 
tioned Chimceropsis  from  the  Lower  Kimeridgian  of  Bavaria,  which 
differs  from  existing  forms  by  its  shagreen  skin,  and  apparently  also 
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by  the  presence  of  a  remarkable  spine-like  tooth  placed  in  front  of 
the  normal  tooth  of  the  mandible.  The  fin-spines  of  this  genus 
approximate  to  those  of  the  Elasmobranchian  genus  Aster  acanthus. 
Rhynchodes  from  the  Devonian  of  Ohio,  and  Ptyctodus  from  that  of 
both  Russia  and  Illinois,  are  genera  founded  upon  teeth  which  their 
describers  refer  to  this  order.  Some  of  the  genera  founded  upon 
the  evidence  of  detached  fin-spines,  a  few  of  which  are  noticed  in 
the  preceding  chapter,  should  perhaps  also  find  a  place  among  the 
Chimseroids. 

Finally,  the  genus  Ccelorhynchus  may  be  mentioned  in  this  con- 
nection. It  was  founded  upon  spines  originally  regarded  as  the 
rostra  of  Sword-fishes,  but  which  are  evidently  of  dermal  origin,  and 
are  considered  by  Mr  S.  Woodward  as  being  probably  fin-spines  of 
ChimEeroids.  These  spines  occur  in  the  Chalk  of  England  and 
Maastricht,  in  the  Lower  Eocene  of  England,  Egypt,  and  India,  and 
also  in  the  Middle  Eocene  of  Bracklesham  in  Sussex. 

Order  IV.  Dipnoi. — The  Dipnoi,  which  Dr  Giinther  regards 
as  a  subdivision  of  the  Ganoidei,  are  typically  freshwater  fishes, 
usually  presenting  the  following  characters  :  The  body  is  covered 
with  imbricating  cycloidal  scales,  while  the  vertebral  column  is  car- 
tilaginous, and  there  are  both  anterior  and  posterior  nostrils  placed 
more  or  less  within  the  mouth  (fig.  88 1).  The  primitive  cartila- 
ginous cranium  persists  more  or  less  completely,  and,  like  that 
of  the  Chimseroids,  is  autostyUc ;  cranial  membrane  bones  are, 
however,  always  developed  to  a  certain  extent,  and  there  are  also 
splenial  and  articular  bones  in  the  mandible,  while  the  cranium  is 
immovably  connected  with  the  vertebral  column.  The  palatopteryg- 
oid  bar  persists  as  the  functional  upper  jaw,  and,  as  in  the  living 
Chimseroids,  carries  a  single  pair  of  molariform  teeth,  while  a  cor- 
responding pair  of  teeth  are  placed  on  the  splenial  and  articular 
bones  of  the  mandible.  There  is  also  a  smaller  pair  of  vomerine 
teeth ;  in  advance  of  which  there  may  be  other  minute  teeth.  The 
paired  fins  have  a  long,  cartilaginous,  jointed,  median  axis  (fig.  845), 
and  the  tail  may  be  either  diphycercal  or  heterocercal.  There  are 
no  functional  branchiostegal  rays  ;  and  the  five  or  six  cartilaginous 
branchial  arches  are  more  or  less  rudimentary,  and  their  single  aper- 
ture is  closed  by  a  gill-cover.  The  teeth  agree  with  those  of  the 
Chim^roids  in  having  no  successors;  but,  from  the  presence  of 
membrane  bones,  do  not  constitute  the  whole  of  the  jaw. 

In  the  structure  of  their  skull  the  Dipnoi  show  affinities  to  Chi- 
m^roids.  Ganoids,  Teleosteans,  and  Amphibians  ;  the  autostylic 
feature  Connecting  them  with  the  former,  and  the  double  nares 
with  the  latter,  in  which  the  skull  is  also  autostylic  The  lungs  are 
formed  by  the  connection  of  the  swim-bladder  vnth  the  gullet  by 
means  of  a  duct,  and  these  fishes  can  thus  either  breathe  by  means 
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of  their  gills  in  water,  or  by  their  lungs  on  land.  In  the  existing 
African  Protoptertis  there  are  external  branchial  tufts,  like  those  of 
the  young  of  the  Amphibia.  The  structure  of  the  pelvic  girdle  and 
limbs  has  been  already  noticed  in  the  introductory  chapter  on  the 
class ;  but  it  may  be  observed  that  although  the  skeleton  is  essen- 
tially cartilaginous,  yet  imperfect  ossifications  may  occur  in  the 
neural  spines  of  the  vertebra,  as  well  as  in  the  ribs  and  fin-rays. 
The  scales  may  be  either  ganoid  or  cycloid. 
1^  That  this  order  is  essentially  an  old  one,  may  be  inferred  not 
only  from  the  widely  scattered  distribution  of  the  three  existing 
genera,  and  their  paucity  in  species,  and  sometimes  in  individuals ; 
but  also  from  the  generalised  structure  of  its  members,  and  the 
occurrence  of  one  of  the  existing  genera  in  the  Trias  of  Europe,  and 
the  reputed  Permian  of  North  America. 

Family  Lepidosirenid^. — This  family  is  only  known  by  two 
existing  genera,  and  is  characterised  by  the  persistent  chondro- 
cranium,  carrying  a  few  large  membrane  bones,  by  the  cycloid  scales. 


P 

Fig.  879. — Lepidosircn  fiaradoxa,  from  South  America.  Reduced. 
Pectoral ;  z/.  Pelvic  fin. 


the  absence  of  jugular  plates,  the  continuous  vertical  fin,  and  the 
narrow  central  axis  of  the  paired  fins,  which  are  reduced  to  filaments. 
The  two  genera  are  Lepidosiren  (fig.  879)  of  the  Amazons,  in  which 
the  paired  fins  are  not  fringed ;  and  Protopterus  of  the  rivers  of 
tropical  Africa,  where  those  fins  are  furnished  with  fringes.  There 


Fig.  83o.— The  Barramunda  {Ceraiodus  Forsteri),  from  Queensland.  Reduced. 

are  two  small  conical  vomerine  teeth,  and  larger  cuspidate  teeth 
on  the  palate,  while  the  body  is  eel-like. 

Family  Ceratodontid^.— The  genus  Ceratodus  (fig.  880)  has 
been  generally  placed  in  the  same  family  as  the  preceding  forms,  with 
which  it  agrees  in  the  continuous  vertical  fin,  the  cycloid  scales,  the 
absence  of  jugular  plates,  and  the  few  cranial  bones.     In  many 
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respects,  and  more  especially  as  regards  the  dentition,  Ceratodus,  as 
pointed  out  by  Dr  Fritsch,  is,  however,  much  more  nearly  allied  to  the 
under-mentioned  family  Dipteridm,  and  it  seems  advisable  to  regard 
it  as  representing,  at  least  provisionally,  the  type  of  a  distinct  family. 

Ce?-atodus  is  one  of  the  very  few  instances  where  a  genus,  founded 
upon  the  evidence  of  fossil  specimens,  has  subsequently  been  discov- 
ered in  a  living  condition.  Fossil  teeth  of  this  genus  were  long  known, 
but  it  was  not  until  the  year  1870  that  the  existence  of  a  living  rep- 
resentative was  brought  to  the  notice  of  science.  The  body  of  the 
Barramundas,  as  these  fishes  are  termed,  is  laterally  compressed, 

with  one  continuous  vertical  fin  ;  while  the 
paired  fins  are  paddle-shaped,  with  a  broad 
fringe.    The  vomerine  teeth  (fig.  881,  x) 
are  shaped  like  the  incisors  of  many  mam- 
mals, while  those  on  the  palate  {ibid.,  xx) 
and  mandible  have  an  inner  smooth  con- 
vex border,  and  externally  bear  a  num- 
ber of  strongly-marked  ridges  or  horns. 
In  the  existing  species  the  teeth  of  oppo- 
site sides  are  separated  by  a  distinct  in- 
terval (fig.  881),  but  in  some  fossil  forms 
they  were  in  contact.    Again,  in  the  living 
species,  the  palatal  teeth  bear  six  distinct 
horns,  while  the  backward  production  of 
the  inner  margin  forms  an  incomplete 
seventh  horn  (fig.  881);  but  in  the  man- 
dibular teeth  there  are  not  more  than  the 
typical  six  horns.    In  fossil  forms,  accord- 
ing to  Professor  Miall,  the  mandibular  teeth  are  slightly  smaller  and 
narrower  than  the  palatal  ones,  and  have  not  more  than  four  horns ; 
while  the  palatal  teeth  have  either  five  horns,  or  four  and  a  rudi- 
ment of  a  fifth  (fig.  882) ; 
this  simpler  structure  of 
the  teeth  in  the  earlier 
forms  being  analogous  to 
that  which  we  have  already 
mentioned  as  obtaining  in 
the  Selachian  Notidafius. 
Some  of  the  fossil  teeth 
indicate  individuals  of  two 
or  three  times  the  size  of 
the  Barramunda,  of  which 
the  largest  specimens  at- 
tain a  length  of  nearly  six  feet.    The  position  of  these  upper  teeth 
on  the  palatopterygoid  bar  is  well  shown  in  fig.  881,  which  also  ex- 


Fig.  881.— Mouth  of  Ceratodus 
Forsteri.  Reduced.  X,  Vome- 
rine ;  XX,  Palatal ;  xxx,  Mandi- 
bular teeth  ;  «,  anterior  ;  li ,  Pos- 
terior nares. 


pi„  882  The  right  palatal  tooth  of  Ceratodus  His- 

lopiamis,  from  the  Lower  Gondwanas  of  Maleri,  India. 
Tiie  left  side  is  the  anterior  border. 
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hibits  the  large  parasphenoid,  and  the  anterior  and  posterior  nares. 
In  regard  to  its  distribution  in  past  times,  we  meet  with  remains  of 
this  genus  in  the  Jurassic  of  Colorado  and  Montana  in  the  United 
States,  and  also  in  the  Lower  Jurassic  of  Stonesfield  near  Oxford  ; 
it  is,  moreover,  abundant  in  the  Upper  (Keuper)  and  Middle  (Mus- 
chelkalk)  Trias  of  Europe,  and  has  been  recorded  from  the  Lower 
division  (Bunter)  of  that  formation;  it  also  occurs  in  Illinois  in 
beds,  which  are  thought  to  be  probably  Triassic ;  while  in  India 
teeth  are  very  common  in  the  Maleri  group  of  the  Gondwana  system 
of  the  Central  Provinces,  which  is  not  improbably  also  of  Triassic 
age.  Further,  Professor  Cope  has  recorded  the  genus  from  strata 
in  North  America  identified  by  him  with  the  Permian  ;  but  the 
species  from  the  European  Permian  originally  referred  to  this  genus 
belongs  to  Ctenodus. 

Family  PHANEROPLEURiDi^:. — In  this  family,  which  has  been 
placed  by  some  in  the  Crossopterygian  Ganoids,  we  still  have  the 


Fig.  ZZ-i—Phaneropkuron  Attdcrsoni;  from  the  Devonian  of  Scotland,  one-half 
natural  size,    a,  Scale  magnified. 


continuous  vertical  fin,  the  diphycercal  caudal  fin,  and  the  narrow 
axis  of  the  paired  fins  characteristic  of  the  preceding  families ;  but 
the  scales  are  said  to  have  a  ganoidal  structure,  jugular  plates  are 
present,  and  there  is  a  series  of  minute  teeth  in  the  margins  of  the 
jaws.  This  family  is  typically  represented  hy Fhaneropkuron  (fig.  883), 
of  the  Devonian  and  Carboniferous  of  Scotland  and  the  Devonian 
of  Canada,  and  the  allied  Uronemus  of  the  Scottish  Carboniferous. 
We  may,  however,  here  mention  the  genera  Megapkuron'^  and 
Conchopoma  from  the  Permian  of  the  Continent,  which  should  prob- 
ably find  a  place  in  this  or  an  allied  family.    The  former  genus  has 

^  The  rhomboidal  scales  which  have  been  descnbed  as  belonging  to  this  genus  . 
are  those  of  a  Ganoid.    The  name  should  properly  be  Megaloplcuriim. 
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ossified  ribs,  large  operculars,  and  Dipnoid  teeth,  but  the  form  of 
the  fins  and  tail  is  unknown ;  while  the  latter  agrees  with  Phanero- 
pleuron  in  the  structure  of  the  teeth  and  tail. 

Family  Dipterid^. — This  family  is  characterised  by  the  great 
development  of  the  cranial  bones,  the  more  or  less  ganoidal  struc- 
ture of  the  scales,  the  presence  of  jugular  plates,  the  heterocercal 
tail,  the  two  distinct  dorsal  fins,  and  the  greater  size  and  breadth  of 
the  scaled  portion  of  the  paired  fins.  Its  range  extends  from  the 
Devonian  to  the  Permian,  and  it  shows  signs  of  connecting  the 
preceding  family  with  the  Crossopterygian  Ganoids.  The  teeth 
(fig.  885)  are  of  the  same  general  type  as  those  of  Ceraiodus, 
but  may  carry  a  larger  number  of  smaller  ridges,  which  in  some 
instances  (fig.  885,  i,  2)  are  ornamented  with  a  number  of  cusps  or 
denticules.  The  typical  genus  Dipterus  (fig.  884)  comprises  fishes 
of  small  or  medium  size,  with  circular  scales,  and  both  the  dorsal 
fins  placed  in  the  hinder  third  of  the  body,  the  first  being  much 
smaller  than  the  second.    The  pectoral  fins  are  long  and  paddle- 
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Fig.  Zia,.— Dipterus  Valenciennesi ;  from  the  Devonian  of  Russia,  two-thirds 
natural  size.    (After  Pander.) 

shaped ;  while  the  pelvic  pair,  and  the  anal,  are  respectively  placed 
beneath  the  first  and  second  dorsals.  The  quadrate  is  ossified ; 
and  there  are  also  ossifications  in  the  fin-rays  and  ribs.  The  teeth 
(fig.  885,  i)  carry  numerous  denticules  on  their  ridges.  This  genus 
is  characteristic  of  the  Devonian  (Old  Red  Sandstone)  of  Europe. 
Ctenodus  attains  considerably  larger  dimensions  than  the  preceding 
genera ;  some  of  the  species  reaching  a  length  of  nearly  five  feet. 
The  teeth  are  characterised  by  their  ridges  carrying  many  cusps ; 
and  the  scales  are  large  and  thin,  with  a  rhomboidal  contour,  and 
bearing  traces  of  rows  of  denticules,  with  vascular  grooves  on  the 
inner  side.  The  skeleton  closely  resembles  that  of  Ceratodus,  but 
is  more  fully  ossified ;  and  both  this  feature  and  the  more  numerous 
cranial  bones  are  regarded  by  Dr  Fritsch  as  characters  of  greater 
specialisation.  The  teeth  (fig.  885,  2,  3)  are  frequently  simpler 
than  those  oi  Diptems,  and  thus  approximate  to  \hos&  Ceratodus ; 
while  the  form  of  the  parasphenoid  and  palatopterygoid  differs  con- 
siderably from  that  in  the  former.  This  genus  ranges  in  Europe 
from  the  Carboniferous  to  the  Permian,  being  very  abundant  in  the 
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former ;  and  it  is  also  recorded  from  strata  in  Illinois  and  Texas 
which  are  correlated  with  the  European  Permian. 

As  members  of  this  order,  but  perhaps  indicating  one  or  more  dis- 
tinct familes,  we  may  class  the  following  genera  :  Paladaphus,  from 
the  Devonian  of  Europe  and  Ohio  (the  species  from  the  latter  area 
having  been  separated  as  Heliodus),  is  a  moderately  large  form  in 
which  the  mandibular  teeth  (fig.  885,  4)  are  very  broad,  and  carry 


Fig.  885. — I,  Upper  and  lower  jaws  of  Dipierus  Valencicnnesi',  from  the  Devonian,  xx, 
Palatal ;  xxx,  Mandibular  teeth ;  «,  «,  Narial  processes ;  g,  Palatopterygoid.  2,  Palate  of 
Ctenodits  tuberculatus ;  Carboniferous.  3,  Mandible  of  Ctenodus  imbricatus ;  Carboniferous. 
4,  Mandible  of  Paladaphus  insignis  ;  Devonian.    All  reduced. 


only  four  low  ridges.  Ilolodus,  from  the  Devonian  of  Russia,  is  a 
smaller  form  very  imperfectly  known,  but  apparently  allied  to  the 
preceding ;  while  Conchodus  is  known  by  teeth  from  the  ,same  de- 
posits in  both  Scotland  and  Russia.  Ganorhynchus,  of  which  the 
horizon  is  unknown,  may  also  be  provisionally  placed  here.  From 
North  America  we  have  Ptyonodus  and  Gnathorhiza  from  the  Per- 
mian, and  Mylostoma  from  the  Devonian,, of  which  the  full  affinities 
require  further  elucidation. 
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Order  Ganoidei. 

Order  V.  Ganoidei. — The  Ganoids  form  an  order  exceedingly 
difficult  of  definition,  owing  to  their  close  connection  on  the  one 
hand  with  the  Dipnoi  and  (through  the  Acanthodea)  the  Elasmo- 
branchei,  and  on  the  other  with  the  Teleostei,  and  it  is  not  improb- 
able that  it  may  be  eventually  necessary  to  divide  them  into  at  least 
two  orders.  As  mentioned  above,  some  writers  group  them  in  a 
subclass  with  the  Teleostei  under  the  name  of  Teleotomi.  The 
body  may  be  either  naked  or  covered  with  shagreen  skin,  or  with 
large  detached  bony  scales,  or  completely  covered  either  with  true 
ganoid  scales,  or  with  cycloidal  scales  of  a  ganoid  structure.  The 
vertebral  column,  again,  may  be  either  cartilaginous  or  fully  ossified  ; 
and  its  termination  in  the  tail  may  be  either  diphycercal  or  hetero- 
cercal.  Paired  and  median  fins  are  generally  present,  and  the  pelvic 
pair  (with  perhaps  one  exception)  is  abdominal  in  position.  The 
skull  may  either  be  covered  merely  by  cranial  membrane  bones,  or 
may  be  completely  ossified.  It  is  hyostylic — i.e.,  there  is  a  hyoman- 
dibular  suspensorium — and  the  palatopterygoid  is  distinct  from  the 
cranium  ;  and,  as  a  general  rule,  even  in  the  cartilaginous  forms 
maxillK  and  dentary  bones,  which  carry  the  teeth,  are  developed  on 
the  palatopterygoid  and  Meckel's  cartilage  respectively.  The  gills 
are  usually  free,  and  their  single  aperture  is  covered  by  an  oper- 
culum;  while  branchiostegal  rays  are  very  generally  present.  In 
most  cases  a  secondary  pectoral  girdle  of  dermal  bones  (clavicular, 
supraclavicular,  cSrc.)  is  developed  externally  to  the  cartilaginous 
scapulo-coracoidal  girdle,  which  alone  exists  in  the  precedmg  orders. 
Finally,  there  is  a  swim-bladder,  with  a  duct  into  the  pharynx;  while 
there  are  some  other  characters  of  the  soft  parts  into  the  considera- 
tion of  which  it  will  not  be  necessary  to  enter  in  this  work. 

Some  very  curious  features  occur  in  the  ossification  of  the  ver- 
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tebral  column  of  certain  members  of  this  order  which  call  for 
passing  notice.  Thus  in  Eurycormus  the  ossifications  in  the  dorsal 
region  consist  of  an  upper  and  a  lower  hollow,  wedge-shaped,  semi- 
cylinder,  with  their  pointed  extremities  interlocking,  and  the  former 
bearing  the  neural  arches  and  the  latter  the  ribs ;  while  in  the  tail 
we  have  two  centra  to  each  neural  arch.  From  this  it  would  appear 
that  the  pieces  bearing  the  ribs  in  the  dorsal  region,  and  the  caudal 
centra  which  have  no  arches,  correspond  to  the  intercentra  of  the 
Amphibia,  which  are  noticed  below.  The  teeth  of  Ganoids  vary 
greatly  in  structure,  and  may  be  either  conical  and  borne  on  the 
margins  of  the  jaws,  when  they  are  continuously  replaced,  or  flat- 
tened disks  attached  to  the  vomer,  which  have  no  successors.  The 
borders  of  the  fins  are  frequently  furnished  with  the  modified  scales 
known  as  fulcra. 

Considerable  diversity  of  view  has  prevailed  as  to  the  classification 
of  Ganoids ;  but  the  system  of  Dr  Traquair,  who  has  paid  especial 
attention  to  the  structure  of  the  order,  is  adopted  in  this  work. 

As  regards  their  distribution  in  time.  Ganoids  first  appear  in  the 
Silurian  nearly  at  the  same  time  as  the  Elasmobranchs ;  and  from 
the  Devonian  to  the  close  of  the  Mesozoic  they  form  a  very  large 
proportion  of  the  Fish-life  of  those  periods.  Their  wane,  however, 
appears  to  have  set  in  during  the  Upper  Cretaceous,  when  the 
Teleostei  began  to  be  numerically  strong;  and  from  that  date  there 
has  been  a  rapid  decrease  to  the  present  day,  when  we  find  only 
one  of  the  suborders  (Amioidea)  represented  by  several  genera; 
while  of  the  other  three  surviving  suborders  one  is  represented  by 
two  genera,  and  each  of  the  other  two  by  a  single  genus — these  four 
genera  each  having  a  solitary  species. 

A.  Proganoid  Series. — The  first  three  suborders  may  be  con- 
veniently grouped  in  a  single  series,  and  are  mainly  characterised  by 
their  exceedingly  low  development,  their  affinities  being  still  doubt- 
ful. Professor  Cope  is  indeed  disposed  to  regard  one  of  these 
suborders  (Placodermata)  as  more  nearly  allied  to  the  Tunicata 
than  to  other  Vertebrata ;  but  this  view  is  scarcely  likely  to  find 
acceptation  with  the  majority  of  palfeontologists. 

Suborder  i.  Cephalaspidea.— The  members  of  this  extraor- 
dmary  group  have  the  head  and  the  anterior  part  of  the  body 
covered  with  a  continuous  shield,  while  the  rest  of  the  body  is 
coated  with  small  angular  plates  or  scales.  No  traces  of  an  inner 
skeleton,  lower  jaw,  or  teeth,  have  yet  been  discovered ;  but  at  least 
m  the  second  family  there  was  a  strong  pectoral  fin  at  the  hinder 
extremity  of  the  dorsal  shield.  The  latter  has  been  recently  shown 
to  be  furnished  with  a  system  of  sensory  canals.  This  group  is 
confined  to  the  Silurian  and  Devonian  ;  and  it  is  suggested  by  Pro- 
fessor Huxley  that  it  may  be  allied  to  the  Acipenseroidea. 
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Family  Pteraspidid^. — The  entire  body  in  this  family  is  un- 
known;  but  the  dorsal  shield  (figs.  886,  887)  is  usually  composed 
of  several  pieces  united  together,  and  has  its  borders  thickened  and 


Fig.  886.  —  Imperfect  dorsal 
shield  of  Cyathaspis  Banksi; 
from  the  Silurian  of  Ludlow. 
(After  Murchison.) 


Fig.  887.  —  Dorsal  shield  of 
Pteraspis  rostrata ;  from  the 
Lower  Devonian  of  Hereford. 
Reduced.    (After  Lankester.) 


bent,  and  in  structure  approaches  the  scales  of  Teleostean  Fishes. 
It  has  a  median  posterior  spine,  and  sometimes  small  lateral  cornua. 
There  is  also  a  small  shield  on  the  ventral  aspect  of  the  fish, 
which,  like  the  dorsal  one,  is  marked  by  fine  striations.  In  the 
type  genus  Pteraspis,  the  dorsal  shield  (fig.  887)  is  shaped  like 
an  arrow-head,  and  composed  of  seven  pieces ;  while  in  Cyath- 
aspis  (fig.  886)  it  is  oval,  composed  of  only  four  elements,  and  has 
the  posterior  spine  very  short.    Scaphaspis  has  been  founded  on 


Fig.  888.— Reduced  restoration  Pteraspis. 


remains  belonging  to  these  two  genera,  which  are  found  m  both 
the  Silurian  and  Devonian ;  the  simple  shields  described  under  this 
name  having  apparently  been  placed  ventrally  beneath  the  more 
complex  ones,  on  the  evidence  of  which  the  other  genera  were 
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founded.  Holaspis,  from  the  Lower  Devonian  of  North  Wales,  is 
distinguished  by  the  dorsal  shield,  consisting  of  only  a  single 
element.  Figure  888  is  an  attempt  to  restore  the  form  of  the  type 
genus. 

Family  Cephalaspidid^. — The  Cephalaspids  are  regarded  by 
some  writers  as  belonging  to  the  Pteraspididce,  while  by  Professor 
Zittel  they  are  placed  in  a  distinct  suborder.  The  dorsal  cephalic 
shield  (fig.  889)  consists  of  one  or  two  pieces,  and  usually  has  more 
or  less  developed  lateral  cornua,  with  a  regularly  curved  and  flat 
lower  border — the  eyes  being  situated  near  the  middle ;  in  structure 
it  resembles  true  bone.  The  body  is  covered  with  bony  plates,  and 
the  caudal  fin  is  heterocercal.    The  typical  genus  Cephalaspis  (figs. 


Fig.  889.— Left  lateral  view     Cephalaspis  Lyelli;  from  the  Devonian  of  Scotland. 
About  one-third  natural  size.    (Ajfter  Lankester.) 


889,  890)  has  the  cephalic  shield  single,  and  may  be  divided  into 
the  Eiicephalaspidine  and  Hemicephalaspidine  groups,  according  to 
the  degree  of  development  of  the  cornua.  It  occurs  in  the  Si- 
lurian and  the  Devonian  of  Britain,  and  has  also  been  obtained 


Fig.  890.— Smaller  views  of  Cefi/uilaspis  Lyelli.    (After  Page.) 


from  the  Silurian  of  Bohemia  and  the  Devonian  of  Canada.  Xen- 
aspis,  from  the  same  English  formations,  is  distinguished  by  the 
presence  of  one  or  more  quadrangular  dorsal  plates  behind  the 
head ;  while  Auchenaspis,  of  the  European  Silurian,  has  the  cephalic 
shield  transversely  divided.  Didymaspis,  from  the  same  formation, 
agrees  with  the  latter  in  its  double  cephalic  shield,  which  is,  how- 
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ever,  unprovided  with  cornua ;  while  other  genera  are  Thyestes  and 
Tremataspis,  from  the  Silurian  of  Russia. 

Suborder  2.  Placodermata. — This  suborder  is  mainly  char- 
acteristic of  the  Devonian,  although  represented  also  in  the  Silurian, 
and  lingering  on  till  the  Permian.  It  is  characterised  by  the  carti- 
laginous vertebral  column,  and  the  en- 
closure of  the  head  and  the  anterior  part 
of  the  body  in  bony  plates,  which  are 
covered  with  a  radiate  or  granular  sculp- 
ture ;  the  tail  being  either  naked  or 
clothed  with  scales.  There  is  a  distinct 
mandible ;  teeth  are  frequently  present ; 
t'xtfSS  H>'^'m*^'''  "t«J9'«'!®8  tifUJ  there  may  be  a  jointed  pectoral  fin 

l^^^^^^^P  mm  enclosed  in  a  bony  covering  like  that  of 
the  body,  but  pelvic  fins  are  invariably 
absent. 

Family  Asterolepidid^.  —  In  the 
typical  family  the  head  (figs.  891,  892) 
is  rounded  anteriorly,  and  covered  with  a 
number  of  small  thin  plates ;  while  the 
body  is  sub-quadrangular  and  invested 
with  larger  plates,  some  of  which  are 
median  and  others  paired ;  and  the  tail 
may  either  be  covered  with  much  smaller 
scales  or  naked.  There  is  a  well-devel- 
oped pectoral  limb,  which  articulates  with 
the  anterior  ventro-lateral  plate  ;  although 
it  was  long  thought  to  articulate  in  some 
forms  to  a  separate  thoracic  plate.  The  type  genus  Asterolepis, 
which  occurs  both  in  Russia  and  Scotland,  is  characterised,  accord- 
ing to  Dr  Traquair,  by  the  anterior  median  dorsal  plate  overlapping 
both  the  anterior  and  the  posterior  dorso-laterals,  and  by  the  some- 
what depressed  body.  In  Pterichthys  (figs.  892,  893),  on  the  other 
hand,  the  median  dorsal  plate,  while  overlapping  the  anterior  dor- 
so-laterals, is  itself  overlapped  by  the  posterior  dorso-laterals,  and 
the  body  is  much  more  elevated.  This  genus  has  been  recorded 
from  Scotland  and  the  Eifel,  and  probably  also  occurs  in  Russia. 
Detached  pectoral  fins  of  these  genera  have  been  described 
under  several  names,  and  were  at  one  time  regarded  as  ichthyo- 
dorulites. 

The  genus  Bothriolepis,  from  the  Devonian  of  Europe  and 
Canada,  is  distinguished  by  the  different  contour  of  the  cephalic 
plates,  and  of  the  grooves  of  the  lateral  line  system  by  which  they 
are  marked,  as  well  as  by  the  shorter  limbs.  No  traces  of  the  scaly 
tail  have  been  observed  in  any  of  the  known  specimens,  although 


Fig.  8gi.— Reduced  restoration 
of  the  dorsal  aspect  of  Asterolefiis 
ornata;  from  the  Devonian  of 
Russia.  The  tail  is  restored  from 
Pterichthys.    (After  Pander.) 
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Dr  Traquair  considers  that  this  appendage  was  probably  present. 
Some  of  the  species  attained  very  large  dimensions. 


Fig.  892. — Reduced  restoration  of  the  dorsal  (i)  and  ventral  (2)  aspects  of  Ptericlithys  comutus, 
with  the  sculpture  omitted;  from  the  Devonian  of  Scotland.  The  thin  black  lines  indicate  the 
concealed  edges  of  the  overlapped  plates,  and  the  double  dotted  lines  the  grooves  of  the  lateral 
line  system,  m.occ.  Median  occipital  plate;  l.occ,  Lateral  do.  ;  ag,  Angular  plate;  pt.}n,  Post- 
median  do.  ;  p.m,  Premedian  do.  ;  /,  Lateral  do.  ;  e.l,  E.xtra- lateral  do.  ;  ;«»,  Mental  do.  ;  s.l. 
Semilunar  do.;  a.m.d,  Anterior  median  dorsal  do.;  p.m.d,  Posterior  do.  do.;  a.ti.l,  Anterior 
dorso-lateral  do.  ;  p.d.l,  Posterior  do.  do.  ;  a.'o.l,  Anterior  ventro-lateral  do.  ;  fi.v.l.  Posterior  do. 
do. ;  m.v.  Median  ventral  do. ;  ar.  Articular  plate  of  limb  ;  a,  Anconcal  of  do.  ;  c.  Central  of  do.  ; 
VI,  Marginal  of  do.    (After  Traquair.) 

Microbrachius,  of  the  Scottish  Devonian,  is  an  allied  form  distin- 
guished by  the  smaller  size  of  the  pectoral  limb  ;  in  this  form  also 


Fig.  893.— Reduced  left  lateral  aspect     Ptericlithys  cornutns;  from  the  Devonian  of 
Scotland.    Letters  as  in  the  preceding  figure.    (After  Traquair.) 

no  caudal  scales  have  been  observed.  The  length  of  the  head  and 
carapace  in  the  one  known  species  is  one  and  a  quarter  inches. 
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Family  Coccosteid^. — The  genus  Coccosteus  differs  so  markedly 
from  the  members  of  the  preceding  family  that  Dr  Traquair  has  sug- 
gested that  it  should  form  the  type 
of  a  distinct  suborder.  The  head 
has  distinct  bones  and  plates  differ- 
ing markedly  in  their  arrangement 
from  those  of  the  preceding  family, 
but  their  structure  has  only  re- 
cently been  rightly  explained  (fig. 
894).  In  the  restoration  given 
by  Agassiz  (fig.  895),  although  the 
arrangement  of  the  posterior  plates 
is  fairly  correct,  yet  anteriorly  the 
grooves  of  the  lateral  line  were 
mistaken  for  sutures ;  while  the 
ethmoidal  bones  at  the  muzzle 
and  the  orbital  notches  are  omit- 
ted. An  approximation  to  a  cor- 
rect restoration  of  the  lateral  aspect 
is  shown  in  fig.  896,  but  the  mouth  is  made  too  long.  The  cara- 
pace, or  body-shield,  consists  of  a  long  shield-shaped  middle  dorsal 
plate,  flanked  by  lateral  plates,  and  completed  by  a  median  ventral 
plate.  The  posterior  half  of  the  body  is  totally  unprotected,  but 
interspinous  bones  in  the  vertebral  column  support  an  anal  and  a 


Fig.  894. — Dorsal  aspect  of  the  cranium  of 
Coccosteus  decipiens ;  from  the  Devonian  of 
Scotland.  ae.  Ethmoidal,  with  nares  of 
either  side;  p.jii.x,  Premaxilla;  Preor- 
bital,  externa!  to  which  is  the  orbit ;  fit.o, 
Postorbital ;  c,  Central,  >«,  Marginal,  «, 
Middle  occipital ;  e.n,  Lateral  do.  (After 
Traquair.) 


Fig.  895. — Dorsal  view  of  Coccosteus  decipiens,  as  restored  by  Agassiz.  In  the  anterior  part 
of  the'  head  the  ethmoids  and  orbits  have  been  omitted,  and  the  black  lines  mostly  indicate  the 
grooves  of  the  lateral  line  system,  and  not  sutures.  The  shield-shaped  plate  immediately  behind 
the  skull  is  the  middle  dorsal,  in  advance  of  which  is  the  middle  occipital  of  the  skull. 

dorsal  fin.  There  appears  to  have  been  no  pectoral  fin,  although 
certain  forms  which  have  been  generically  or  subgenerically  separ- 
ated as  Brachydirus  have  been  represented  with  such  an  appendage. 
Both  this  and  the  next  genus  are  characteristic  of  the  Devonian, 
Coccosteus  being  common  to  Europe  and  Canada.  The  allied  Homos- 
teiis  includes  gigantic  forms  from  Scotland  and  the  Eifel,  readily 
distinguished  by  the  form  of  the  cranial  and  body  plates.  Thus 
the  middle  occipital  plate  is  longer  and  narrower,  and  the  middle 
dorsal  wider  than  long,  and  not  pointed  behind.    Professor  Huxley 
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compares  the  armour  of  the  Coccosteans  to  that  of  the  Siluroid 
Teleosteans;  while  Newberry  and  Pander  compare  the  ventral 
armour  with  the  plastron  of  the  Chelonia  and  Labyrinthodontia,  with 


Fig.  896.  -Approximate  restoration  of  the  right  lateral  aspect  of  Coccosteus  decipiens.    Here  the 
ethmoids  and  orbits  are  introduced,  but  the  skull  and  mouth  are  made  too  long. 


which,  however,  they  also  compare  the  true  pectoral  girdle  of  the 
Sauropterygia.    The  nature  of  the  dentition  is  unknown. 

Family  DmiCHTHYiDiE. — The  genus  Dinichthys,  from  the  De- 
vonian (Huronian)  of  North  America,  may  probably  be  regarded  as 
forming  the  type  of  a  family  allied  to  the  preceding.  In  this  genus, 
of  which  the  type  species  has  an  estimated  length  of  from  15  to  18 
feet,  the  dentition  (fig.  897)  is  remarkably  like  that  of  the  Dipnoid 


Fig.  897.— Diagrammatic  anterior  aspect  of  the  jaws  of  Dinichthys  Hertzeri;  from  the 
Devonian  of  North  America.    One-twelfth  natural  size.    (After  Newberry.) 

genus  Protopterus,  from  which  Dr  Traquair  concludes  that  there 
was  probably  a  close  connection  between  the  present  group  and  the 
Dipnoi.  Other  gigantic  forms  more  and  less  closely  allied  to  the 
type  genus  are  Titanichthys,  Liognat/ius,  and  Diplognathus,  from  the 
Devonian  of  Ohio ;  while  Typodus,  from  the  same  formation  in  the 
Eifel,  may  perhaps  belong  to  this  family. 

As  Placodermata,  of  which  the  serial  position  is  uncertain,  may 
be  mentioned  Menaspis,  from  the  Permian  of  Germany ; 
aspis,  Acantholepis,  and  Aspidichthys,  from  the  Devonian  of  Ohio ; 
Pnigeacajitkiis  and  Lecracanthus,  from  the  Carboniferous  of  Iowa ; 
Stichacanthus  and  Phoder acanthus,  from  the  corresponding  forma- 
tion of  Ireland  and  Belgium ;  and  Anomalichthys,  from  the  Devonian 
of  Germany. 

Suborder  3.  Acanthodea. — The  last  group  of  the  Proganoids 
IS  also  Pateozoic,  and  ranges  from  the  Devonian  to  the  Permian, 
although  it  is  not  improbable  that  some  of  the  genera,  founded  upon 
fin-spines,  which  are  noticed  under  the  Elasmobranchei,  should  be 
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placed  in  it.  The  Acanthodeans  appear  to  be  in  some  respects 
intermediate  between  the  Ganoids  and  Elasmobranchs,  and  should 
perhaps  constitute  an  order  by  themselves.  They  have  the  body, 
which  is  more  or  less  elongated  and  compressed,  covered  with 
shagreen-like  scales,  and  with  the  lateral  line  running  between  two 
rows  of  such  scales.  The  tail  is  heterocercal ;  and  the  fins  have 
strong  spines,  which,  except  in  the  pectorals,  are  merely  inserted 
between  the  muscles.  There  is  considerable  doubt  as  to  the  pres- 
ence of  cranial  bones  or  of  a  gill-cover ;  but  there  is  a  ring  of  bones 
round  the  orbit.  The  vertebral  column  is  cartilaginous,  and  teeth 
are  either  wanting  or  are  very  minute  and  sharp. 

In  their  cartilaginous  skeleton,  the  not  improbable  absence  of  an 
operculum,  the  structure  of  the  scales  and  position  of  the  lateral 
line,  as  well  as  in  the  spines  of  the  median  fins,  the  Acanthodea 
approach  the  Elasmobranchei ;  but  the  articulation  of  the  pectoral 
fin-spine  to  the  pectoral  girdle  is  a  character  of  the  Teleostean  St- 
lurida,  while  the  orbital  ring  is  a  character  of  the  higher  Ganoids  like 
the  Palceoniscida. 

Family  AcANXHODiDiE. — All  the  genera  may  be  provisionally 


Fig.  898. — Acanthodes ;  from  the  Permian  of  Europe.   (After  Kner  and  Roemer.) 


included  in  a  single  family,  of  which  the  type  genus  Acatithodes  (fig. 
898),  as  now  restricted,  ranges  from  the  Carboniferous  to  the  Per- 
mian of  Britain  and  the  Continent.  The  head  is  very  short  and 
blunt,  and  there  is  but  a  single  dorsal  fin  placed  immediately  above 
the  anal,  while  it  is  thought  that  teeth  were  absent.  Mesacanthus, 
of  the  Scottish  Devonian,  includes  small  fishes  distinguished  from 
the  last  genus  by  the  presence  of  an  intermediate  pair  of  small 
spines  between  the  pectoral  and  pelvic  fins;  it  is  represented  in 
the  Devonian  of  Canada.  Closely  allied  is  Acanthodopsis,  from 
the  Carboniferous  of  Northumberland,  in  which  there  were  numer- 
ous minute  teeth;  while  Chiracanthus  (fig.  899,  1),  of  the  Scottish 
Devonian,  is  distinguished  by  the  dorsal  fin  being  placed  in  advance 
of  the  anal.  In  Diplacanthus  (fig.  900)  there  are  two  dorsal  fins, 
of  which  the  second  is  placed  above  the  anal ;  each  pectoral  fin 
has  two  spines ;  while  there  are  minute  spines  between  the  pectoral 
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and  pelvic  fins,  and  the  jaws  are  furnished  with  small  conical 
teeth.  This  genus  is  represented  by  several  species  in  the 
Devonian  of  Scotland,  and  not  improbably  also  occurs  in  that 
of  Canada.     Rhadinaaifithus,  from  the  Scottish  Carboniferous, 


Fig.  899. — I,  Chiracantlius  Murchisoni ;  2,  Cliniaiius  scutiger ;  3,  Ischiiacanthus gracilis; 
from  the  Devonian  of  Scotland.  Reduced. 

has  two  in  place  of  four  pectoral  spines  ;  while  in  Ischnacanthus 
(fig.  899,  3),  of  the  same  deposits,  the  small  intermediate  spines 
are  wanting,  although  they  are  introduced  in  the  figure.  Allied 
to  the  last  are  Euthacanthus  and  Parexus,  from  the  Scottish  De- 
vonian, the  former  having  the  second  dorsal  in  advance  of  the  anal 


Fig.  9°o-—Diplacant/ius  striatiis ;  from  the  Devonian  of  Scotland.        Pectoral ;  21,  Pelvic  • 
a,  Anal ;  c,  Caudal ;       d'^,  First  and  second  dorsal  fins.  Reduced. 

fin.  Finally,  the  genus  Climatiiis  (fig.  899,  2)  includes  three  small 
fishes  from  the  last-named  formation  characterised  by  the  short  fin- 
spmes  and  the  presence  of  a  series  of  accessory  spines  between  the 
pectoral  and  pelvic  fins.  There  are  two  dorsal  fins,  of  which  the 
VOL.  11. 
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second  is  behind  the  anal,  the  figure  being  incorrect  in  the  latter 
respect.  Fin-spines  from  the  Devonian  of  Canada,  described  as 
Ctenacanthus  and  Jlojnacanthus,  are  referred  by  Mr  Woodward  to 
Climatius. 

Incert^  Sedis. — Here  may  be  noticed  the  family  Tarrasiidce, 
proposed  by  Dr  Traquair  for  the  imperfectly  known  genus  Tarrasius, 
from  the  Scottish  Carboniferous,  which  is  regarded  as  indicating  an 
aberrant  type. 

B.  EuGANOiD  Series. — The  remaining  members  of  the  order 
include  its  typical  representatives,  and  may  be  collectively  known 
as  the  Euganoid  series  or  the  Ganoidei  Veri. 

Suborder  4.  Crossopterygea. — In  this  group  the  pectoral,  and 
sometimes  the  pelvic,  fins  consist  of  a  central  lobe  surrounded  by  a 
fringe ;  there  is  an  infraclavicular  in  the  pectoral  girdle ;  the  rays  of 
the  dorsal  and  anal  fins  are  often  more  numerous  than  the  support- 
ing interspinous  bones ;  the  preopercular  extends  forwards  on  the 
cheek ;  branchiostegal  rays  are  replaced  by  jugular  plates ;  the  de- 
velopment of  the  vertebral  column  varies  ;  the  tail  may  be  either 
diphy-  or  heterocercal,  and  the  scales  cycloidal  or  rhomboidal.  This 
suborder  is  the  most  primitive  of  the  true  Ganoids,  among  which 
it  holds  a  position  somewhat  analogous  to  that  occupied  by  the 
Ichthyotomi  in  the  Elasmobranchei. 

Family  Holoptychiid^. — In  the  type  family  the  pectoral  fins 
are  acutely,  and  the  pelvic  subacutely,  lobate ;  the  skeleton  of  the 
former,  according  to  Dr  Traquair,  being  a  biserial  archipterygium 
like  that  of  Ceratodus.    The  teeth  are  of  the  so-called  dendrodont 

type,  the  dentine  of  the  base  being  infolded 
in  an  extremely  complex  manner,  with  cross- 
branchings  which  form  an  intricate  network 
within  the  crown.  The  scales  are  cycloidal, 
thick,  and  sculptured;  and  there  are  two 
dorsal  fins,  and  a  heterocercal  tail  in  which 
the  inferior  rays  are  much  longer  than  the 
superior.  Before  noticing  the  typical  forms 
we  may  briefly  mention  the  genus  Onychodus, 
from  the  Devonian  of  North  America  and 
Europe,  which  Dr  Newberry  considers  may 

vonian  of  North  America.  -^^  3\\\td.  tO  thlS  family.  The  SCaleS  (tig. 
(After  Newberry.)  ^^^^  ^^^^  ^.^^.^^^  ^.^g^^^  ^j^C  mandible 

has  a  presymphysial  production  furnished  with  teeth  arranged  sonie- 
what  like  an"^  old-fashioned  cavalry  spur  The  type  genus  Holo- 
mcMus  (fig.  902)  comprises  fishes,  which  are  often  of  large  size 
from  the  Devonian  of  Europe  and  North  America.  The  two  dorsal 
fins  are  placed  in  the  hinder  part  of  the  body  directly  over  the  pel- 
vic and  anal     We  may  probably  place  here  the  imperfectly  known 
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Plaiygnathus,  from  the  Devonian  of  Scotland  and  Russia ;  Isodus, 
of  the  Irish  Carboniferous;  and  Peplorhina,  from  the  Trias  of 
Illinois.  In  Glyptolepis  (fig.  903),  from  the  European  and  Canadian 
Devonian,  we  have  a  well-known  form  in  which  the  dorsal  fins 
are  placed  more  anteriorly  than  in  Holopiychius,  while  the  anal  is 
situated  below  the  first  dorsal,  and  the  pelvic  are  consequently  much 


Fig.  go2.—Hi>lo/>tychhis  nobilissimiis  ;  from  the  Devonian  of  Scotland.    A,  A  scale  less 
reduced.    The  dorsal  and  anal  fins  should  be  more  pointed. 


more  approximated  to  the  pectoral  fins.  Phyllolepis,  founded  on 
very  thick  scales,  which  are  sometimes  smooth,  from  the  Devonian 
and  Carboniferous  of  Scotland,  should  probably  be  included  in  this 
family,  in  which  Dr  Traquair  also  places  the  imperfectly  known 
genus  Dendrodus,  of  the  Devonian  of  Russia  and  Scotland.  The 
jaws  of  the  latter  carry  a  small  row  of  marginal  teeth  of  conical 
form ;  while  in  the  mandible  there  is  a  second  row  of  much  larger 
fang-like  teeth,  each  of  which  has  a  distinct  socket.    These  teeth 


Fig.  903. — Restoration     Glyptolepis ;  from  the  Devonian  of  Scotland.  Reduced. 

(After  Huxley.) 


are  somewhat  compressed,  with  trenchant  fore-and-aft  edges,  and 
have  the  internal  structure  already  noticed.  Colofiodus,  of  the 
British  Carboniferous,  and  Sigmodus,  of  the  Upper  Palteozoic  of 
northern  India,  should  perhaps  find  a  place  in  this  family. 

Family  Rhizodontid^. — In  the  Rhizodonts  the  pectoral  fins 
are  subacutely  or  obtusely  lobate,  the  pelvic  pair  being  usually  non- 


970 


CLASS  PISCES. 


lobate ;  while  their  internal  skeleton  forms  a  shortened  uniserial 
archipterygium.    The  teeth  are  labyrinthodont  in  structure,  lacking ' 
the  complex  internal  network  found  in  the  preceding  family.  The 
scales  are  cycloidal  and  sculptured ;  the  median  fins  are  numerically 
the  same  as  in  Holoptychms  ;  but  the  tail  approxi- 
mates to  the  truly  diphycercal  type.    The  lower 
jaw  has  an  inner  series  of  tusk-like  teeth  (fig. 
905).     As  an  imperfectly  known  form  we  may 
first  mention   Cricodus  {Polyplocodiis)  from  the 
European  Devonian.    In  the  well-known  Jristi- 
chopterus,  of  the  Scottish  Devonian,  the  body  is 
much  elongated,  the  tail  distinctly  heterocercal, 
the  posterior  fins  are  placed  near  the  tail,  the 
opercular  bones  are   unusually  large,  and  the 
scales  thin  and  striated.     An  apparently  allied 
form  is  Eusthenopteroji  of  the  Devonian  of  Can- 
ada, in  which  the  vertebral  centra  appear  to  have 
been  unossified,  while  there  are  slight  differences 
in  the  interspinous  bones,  tail,  and  teeth.  Ac- 
cording to  the  views  of  Dr  Traquair,  Gyroptychius 
(fig.  904),  from  the  Devonian  of  Scotland,  is 
allied  to   Tristichopterus,  having  scales  of  the 
same  general  type  (although  some  of  these  were 
formerly  thought  to  be  rhomboidal),  but  a  more 
rhomboidal  tail,  and  the  exposed  portion  of  the 
scales  relatively  larger.     From  the  Carbonifer- 
ous of  both  Europe  and  North  America  we  have 
the  type  genus  Rhizodus  {Megalichihys  in  part), 
of  which  the  typical  species  attained  a  very  large 
size.    The  larger  teeth  (fig.  905),  on  the  evidence 
of  which  the  genus  was  originally  founded,  have 
the  upper  half  of  the  crown  smooth,  while  the 
lower  half  is  longitudinally  fluted.    The  teeth  of 
large  individuals  (which  may  attain  a  length  of 
nine  feet)  are  nearly  two  inches  in  height.  In 
Rhizodopsis,  of  the  same  deposits,  the  cranial 
bones  form  a  well-developed  shield  on  the  supe- 
rior surface  resembling  that  of  the  Osteolepididce, 
although  the  mandible  agrees  in  general  structure 
with  that  of  Rhizodus,  and  consists  of  articular, 
angular,  and  dentary  elements ;  the  latter  having 
a  series  of  infra-dentary  pieces  on  its  inner  side 
which  carry  the  large  tusk-like  teeth.   The  inferior  space  bet^^'een  the 
mandibular  rami  is  occupied  by  a  series  of  jugular  plates,  of  which 
there  is  a  large  median  pair,  together  with  a  small  unpaired  anterior 


Fig.  904.  —  Gyropty- 
chius angustus;  from 
the  Devonian  of  Scot- 
land. Reduced.  (After 
Pander.) 
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one,  and  a  row  of  small  lateral  ones  on  either  side.  In  the  cranium 
the  most  striking  feature  is  the  anterior  position  of  the  orbit,  which 
has  three  large  suborbital  bones  behind  it.    Other  more  imperfectly 


Fig.  905.— A  mandibular  ramus  o(  Rhizodus  Heberti;  from  the  Carboniferous  of  Scotland. 

Reduced. 


known  genera  of  this  family  from  the  European  Carboniferous  are 
Dendroptychius,  Sirepsodus,  Rhomboptychius,  and  Archichthys. 

Family  Osteolepidid^  (Rhombodipterid^). — In  this  family  the 
fins  have  the  same  general  structure  as  in  the  preceding ;  but  the 
scales  are  of  the  rhomboidal  form  typical  of  the  order.  There  are 
a  number  of  lateral  jugular  plates ;  the  teeth  are  numerous  and 
sharply-pointed ;  and  the  ossification  of  the  vertebral  column  is 


Fig.  <jc&.—l,,  Polyfterus  bichir;  from  the  Upper  Nile.  B»  Osteolepis  macrolepidotus ;  from 
the  Devonian  of  Russia.  (After  Pander.)  Both  figures  reduced,  a.  Pectoral ;  b,  Pelvic  ;  c,  Anal ; 
rf,  d  ,  Dorsal  fins.  In  the  lower  figure  the  dorsal  fins  should  be  placed  more  in  advance  of  the 
pelvic  and  anal. 


imperfect.  The  family  is  divided  into  two  subfamilies;  the  first, 
Osteolepidince  {Saurodipterini)  being  characterised  by  the  smooth 
scales,  and  presence  of  a  median  jugular  plate.  The  type  genus 
Osteokpis  (fig.  906,  b)  has  a  long  and  slender  body,  with  the  two 
dorsals  placed  respectively  in  advance  of  the  pelvic  and  anal  fins. 
The  type  species  is  of  considerable  size.    In  the  allied  Thursius,  of 
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which  an  immature  individual  is  shown  in  fig.  907,  the  dorsals  are 
placed  immediately  over  the  pelvic  and  anal  fins.  Both  genera  occur 
in  the  Devonian  of  Scotland  and  Russia.  Closely  allied  is  the  genus 
Diplopterus^  from  the  Scottish  Carboniferous,  in  which  the  dorsal 
fins  are  also  situated  posteriorly,  the  first  being  directly  over  the 
pelvic.  Megalichthys,  from  the  same  deposits,  comprises  two  species 
of  large  size ;  and  is  characterised  by  the  presence  of  large  fulcra 
at  the  roots  of  the  pectoral,  pelvic,  and  anal  fins ;  and  also  by  the 


Fig.  907.— A  young  individual  of  Thursius  macroUpidotus ;  from  the  Devonian  of  Scotland. 
Letters  as  in  fig.  900.    Reduced.    (After  Sedgwick  and  Murchison.) 

small  size  of  the  anterior  dorsal  fin,  which  is  placed  above  the 
pelvic  fin.  Edosteorhachis,  from  the  Permian  of  North  America, 
is  nearly  related,  and  appears  to  be  the  last  survivor  of  the  family. 
The  second  subfamily,  or  GlyptolcemmcB,  is  represented  only  by  the 
genera  Glyptolamus  (fig.  908)  and  Glyptopomus,  of  the  Scottish 
Devonian ;  and  differs  from  the  last  by  the  sculptured  scales,  and 
the  absence  of  a  middle  jugular  plate.  The  body  is  much  elon- 
gated ;  there  is  a  long  interval  between  the  pectoral  and  the  posterior 


Fiff  Q08  —GMUlatnus  Kinnairdi;  from  the  Devonian  of  Scotland.    Reduced.    A,  Scales. 
^'  ^  (After  Huxley.) 

fins ;  and  the  tail  is  truly  diphycercal ;  each  genus  is  represented 
by  a  single  species. 

Family  Ccelacanthid^.— With  this  family  we  come  upon  a 
group  of  fishes  not  occurring  in  the  older  Pateozoic  but  extendmg 
from  the  Carboniferous  to  the  Upper  Cretaceous,  and  thus  affordmg 
a  link  between  the  preceding  extinct  and  the  followmg  existmg 
family  The  vertebral  column  is  unossified;  there  are  two  dorsal 
fins,  each  of  which  is  supported  by  a  single  forked  interspmous 
bone  -  the  pectoral  fins  are  obtusely  lobate  3  the  caudal  fin  is  un- 
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usually  large,  and  completely  diphycercal ;  the  swim-bladder  is 
ossified,  and  the  scales  are  cycloidal.  The  members  of  this  family 
are  further  characterised  by  the  full  development  of  the  cranial 
bones ;  and  the  arrangement  of  the  ossifications  in  the  orbit  ap- 


Fig.  goq.— Skeleton  of  Undina  fenicillata  ;  from  the  Kimeridgian  of  Bavaria,  one-fourth 
natural  size,    a.  Jugular  plates  ;      Swim-bladder  ;  c.  Pelvis. 


proaches  that  found  in  the  Labyrinthodontia.  The  type  genus 
Ccelamnthus  ranges  from  the  Carboniferous  of  Europe  and  North 
America  to  the  Upper  Trias  of  the  former  area,  and  is  well  charac- 
terised by  the  great  thickness  of  its  scales. 

More  or  less  nearly  allied  are  Diplurus  from  the  Trias  of  New- 


Fig,  gio.— Skeleton  of  Macropoma  Mantelli;  from  the  Chalk  of  Sussex.  Reduced. 
Letters  as  in  fig.  909.    (After  Hu.xley.) 


Jersey,  Graphiurus  from  the  Upper  Trias  of  Carniola,  and  Hepta- 
nema  ranging  from  the  Middle  Trias  to  the  Upper  Jurassic  of  the 
Continent.  In  Undina  (fig.  909)  the  exposed  parts  of  the  scales 
are  marked  by  ridges,  rising  in  some  parts  into  spines,  and  the 
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rays  of  the  dorsal  and  caudal  fins  are  divided  and  furnished  with 
spines.  In  the  Enghsh  Liassic  Holophagiis  the  spines  on  the 
scales  are  more  numerous,  while  in  Libys,  from  the  Kimeridgian 
of  Bavaria,  they  are  less  numerous,  the  division  of  the  fin-rays 
extends  more  deeply  than  in  U7idina,  and  the  dorsal  and  caudal 
scales  have  a  row  of  tubercles.  Coccoderma,  from  the  Kimeridgian 
of  Europe,  is  allied  to  the  last.  Finally,  Macropoma  (fig.  910), 
from  the  Chalk,  comprises  several  large  species  readily  characterised 
by  the  notochord  not  extending  to  the  extremity  of  the  tail. 

Family  Polypterid^.— The  last  family  of  the  suborder  is  known 
only  by  the  existing  African  genera  Polypterus  (fig.  906,  a)  and 
Calanwichthys,  each  of  which  is  represented  by  a  single  species. 
The  vertebral  column  is  ossified ;  the  dorsal  fin  broken  up  into  a 
number  of  small  finlets ;  the  pectorals  are  obtusely  lobate ;  the 
caudal  fin  is  diphycercal,  with  a  very  short  body-axis  ;  and  the  scales 
are  rhomboidal. 

Suborder  5.  Acipenseroidea. — According  to  the  views  of  Dr 
Traquair,  the  Acipenseroids,  represented  typically  by  the  Sturgeons 
and  their  allies,  and  forming  the  Chondrostei  of  many  authors,  are 
also  taken  to  include  the  Heterocerci,  as  represented  by  the  extinct 
PalaoniscidcB.  The  following  are  some  of  the  leading  features  of 
the  group  as  thus  defined.  The  paired  fins  are  non-lobate;  the 
pectoral  girdle,  which  in  the  typical  forms  retains  its  primitive 
endoskeletal  cartilages,  develops  dermal  bones,  among  which  the 
infraclavicular  (fig.  913)  is  characteristic;  the  dermal  rays  of  the 
dorsal  and  anal  fins  are  more  numerous  than  their  supporting  carti- 
lages, or  interspinals,  of  the  endoskeleton ;  while  in  the  paired  fins 
these  dermal  rays  have  to  a  great  extent  replaced  the  original  carti- 
lages. In  the  skull  the  cartilaginous  cranium  persists  in  the  typical 
forms,  but  in  all  cases  it  is  overlain  by  a  series  of  dermal  bones  ;  the 
preopercular,  when  present,  tends  to  extend  on  to  the  cheek ;  bran- 
chiostegal  rays  are  generally  present ;  but  there  are  never  large 
jugular  plates.  The  notochord  is  persistent,  but  there  are  either 
cartilaginous  or  bony  neural  and  haemal  arches ;  the  tail  is  hetero- 
cercal,  and  the  skin  may  be  either  naked,  or  dotted  over  with  bony 
scutes,  or  covered  with  rhomboidal  scales. 

Mr  Smith  Woodward  remarks  that  the  typical  forms  of  this  sub- 
order constitute  a  link  connecting  the  cartilaginous  Ganoids  with 
these  fishes  in  which  the  bones  are  fully  developed,  and  that  their 
paired  fins  are  more  specialised  than  the  median  ones,  which  have 
not  yet  attained  a  numerical  equality  between  the  fin-rays  and  their 
supporting  interspinals. 

Family  Acipenserid^. — The  well-known  Sturgeons  (fig.  9ii)> 
which  form  the  typical  family,  are  large  fresh-water  fishes,  charac- 
terised by  their  elongated  body,  produced  snout,  toothless  jaws  of 
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the  adult,  the  presence  of  five  rows  of  scutes  formed  of  true  bone 
on  the  body,  and  the  sculptured  cranial  bones.  The  representatives 
of  the  existing  genera  Acipenser  (fig.  911)  and  Scaphirhynchus  are 
found  in  many  of  the  larger  rivers  of  the  Northern  Hemisphere. 
Scutes  referred  to  Acipenser  occur  in  the  London  Clay,  and  in  some 
higher  Tertiary  beds ;  while  spines  from  the  English  Upper  Eocene 


Fig.  911. — The  Sturgeon  (Acipenser  sturio).    iluch  reduced. 


and  the  Pliocene  of  Montpellier  probably  also  belong  to  the  same 
genus.  A  single  scute  has  also  been  described  from  the  Miocene 
of  Virginia  under  the  same  name. 

Family  Polyodontid^. — In  this  family,  now  represented  by 
Polyodon  of  the  Mississippi  and  Fsephinis  of  two  rivers  in  China,  the 
skin  is  typically  nearly  or  quite  naked,  the  mouth  is  of  enormous 
width,  and  the  jaws  carry  minute  teeth.  In  a  fossil  state  this  family 
is  represented  by  Crossopholis,  from  the  Eocene  of  Wyoming,  which 
displays  many  points  of  resemblance  to  Folyodon,  but  is  remarkable 
for  the  possession  of  small  pectinated  scales,  which  are  not  confined 
to  the  upper  lobe  of  the  tail.  The  cranial  bones  are  of  the  type  of 
those  of  Folyodon,  but  the  shorter  rostrum  indicates  a  resemblance  to 
Fsephunis.  The  scales  are  numerous,  and  are  arranged  in  oblique 
rows,  which  are  not  quite  in  con- 
tact with  one  another.  The  reten- 
tion of  the  scales  in  this  genus  in- 
dicates that  we  have  to  do  with  a 
much  less  specialised  member  of 
the  family  than  the  existing  forms. 
The  genus  Macropetalichthys,  from 
the  Devonian  of  both  North  Amer- 
ica and  the  Eifel,  has  frequently 
been  referred  to  the  FolyodontidcB, 
but  without  any  sufficient  evidence, 
and  its  serial  position  must  for  the 
present  remain  undetermined.  The 
cranium  (fig.  912)  is  short  and 

broad,  with  the  orbits  completely  surrounded  by  bone,  and  the 
middle  line  occupied  anteriorly  by  a  diamond-shaped  ethmoidal 
shield,  which  articulates  posteriorly  with  a  process  from  the  squared 
hinder  shield. 


-  „  Diagram  of  the  frontal  aspect 

of  the  cranium  of  Macropctalichthys  Sitili- 
vani ;  from  the  Devonian  of  North  Amer- 
ica.   Much  reduced.    (After  Newherry.) 
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As  an  Acipenseroid  of  uncertain  position  may  also  be  mentioned 
the  imperfectly  known  Fholidurus,  of  the  English  Chalk — the  tail 
of  which  presents  some  resemblance  to  that  of  Psephurus.  A  huge 
fish  from  the  English  Upper  Lias,  named  Gyrosteus,  is  evidently 
also  an  Acipenseroid  agreeing  with  the  type  genus  in  the  absence 
of  teeth,  but  having  a  naked  body.  It  differs  also  considerably 
from  the  type  of  the  next  family,  and  its  position  must  remain 
uncertain. 

Family  Chondrosteid^. — This  family  is  formed  for  the  recep- 
tion of  the  one  comparatively  small  fish  constituting  the  genus 
Chondrosteus  from  the  English  Lower  Lias.  According  to  Dr 
Traquair,  although  there  is  no  evidence  of  a  long  snout  (fig.  913), 
this  genus  resembled  Polyodon  in  the  general  form  of  the  fins,  and 
of  the  nearly  naked  body ;  but  in  other  respects — such  as  the  form 
of  the  cranial  bones  and  the  absence  of  teeth — approaches  Acipenser. 
Certain  features  also  appear  to  indicate  distinct  affinity  with  the 


i.d 


Fig.  913. — Profile  view  of  the  head  of  Chondrosteus  acipenseroides ;  from  the  Lower  Lias  of 
Dorsetshire.  Reduced.  /,  Frontal  ;  //,  Postfrontal ;  Parietal ;  J7,_Squamosal ;  s.t.  One  of 
the  supratemporals ;  /S.  jf,  Posttemporal ;  s.cl.  Supraclavicular;  cl,  Clavicular;  i.cl,  Infraclavic- 
ular; Opercular;  ^.c/,  Subopercular  ;  br,  Branchiostegals;  c.h,  Ceratohyal;  Angular; 
d,  Dentary ;  77tx,  Maxilla ;  /,  Jugal ;  h.m,  Hyomandibular  ;  s.o.  Suborbital.   (After  Traquair.) 

FalcBoniscidcB  ;  and  since  the  latter  are  evidently  allied  to  the  higher 
bony  Ganoids,  Mr  Woodward  suggests  that  they  or  allied  forms 
may  have  given  origin  to  two  series,  one  of  which  culminated  in  the 
Teleosteans,  while  in  the  other  "  the  only  advance  has  been  in  the 
matter  of  size,  and  this  accompanied  by  a  certain  amount  of  de- 
generation, culminating  in  Acipenseroids  proper." 

Family  Pal^oniscid^. — This  and  the  next  family  constitute  the 
suborder  Heterocerci  of  some  writers.  In  the  present  family  the 
body  is  fusiform,  and  covered  with  rhomboidal  scales ;  the  vertebral 
arches  are  ossified,  but  there  are  no  bony  ribs ;  the  dorsal  fin  is 
single  and  short ;  all  the  fins  have  large  fulcra  at  their  bases ;  the 
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cranial  bones  are  covered  with  ganoine,  and  mostly  sculptured  ;  the 
mouth  is  large ;  the  first  branchiostegal  rays  form  jugular  plates  ; 
there  is  a  row  of  median  V-shaped  scales  on  the  superior  surface  of 
the  extremity  of  the  body;  and  the  teeth  are  small,  conical,  or  cylin- 


Fig.  014. — Left  lateral  view  of  the  skull  of  Palceoniscus  macroponms;  from  the  Permian.  /, 
Parietal;  7^  Frontal;  sq,  Squamosal;  s.t,  Supratemporal ;  t.i,  Posttemporal ;  e,  Ethmoid;  a.f. 
Prefrontal ;  pmx,  Premaxilla  ;  mx,  Maxilla ;  co,  sa,  so,  Suborbitals  ;  rf,  Dentary  ;  0/,  Oper- 
cular;/.o/,  Preopercular ;  io/i,  Subopercular  ;  ir,  Branchiostegals  ;  c/,  Clavicular;  sci,  Supra- 
clavicular ;  pel,  Postclavicular ;  id,  Infraclavicular ;  or,  Orbit.    (After  Traquair.) 

drical,  and  rarely  plicate  at  the  base.  The  chief  characters  of  the 
bones  of  the  skull  and  of  the  secondary  pectoral  girdle  are  shown  in 
fig.  914,  in  which  it  will  be  seen  that  the  preopercular  covers  a  por- 
tion of  the  face  above  the  large  and  broad  maxilla.  Dr  Traquair 
observes  that  if  a  Palaeoniscid  were  stripped  of  its  scales  and  fur- 
nished with  a  long  snout,  it  would  be  so  like  Polyodon  that  there 
would  be  no  doubt  as  to  their  near  relationship ;  and  he  further 
remarks  that  the  one  row  of  V-shaped  scales  found  on  the  dorsal 
side  of  the  extremity  of  the  body  in  Polyodon  is  identical  with  the 
row  of  scales  occupying  the  same  position  in  Palceoniscus.  This 
leads  to  the  conclusion  that  the  existing  Sturgeons  are  the  survivors 
of  a  series  of  Ganoids,  now  totally  lost,  which  formerly  gave  off  the 
Palceoniscidce  and  PlatysomidcB  as  specialised  branches.' 

This  family  embraces  such  a  large  number  of  genera,  that  space 
permits  of  but  little  more  than  their  bare  enumeration.  In  the 
Devonian  Chirolepis,  found  both  in  Europe  and  Canada,  the  body 
is  slender,  and  the  fins  are  large,  with  the  rays  very  finely  divided ; 
while  Rhabdolepis  (fig.  915)  of  the  Rothliegendes  (Lower  Permian), 
while  having  fins  of  somewhat  similar  structure,  is  distinguished  by 
the  deeper  and  more  spindle-shaped  body.  Cosmoptychius,  of  the 
Scotch  Carboniferous,  is  allied  to  Rhabdolepis,  but  has  the  anal  fin 
with  a  longer  base.  In  the  type  genus  Palceoniscus  (figs.  914,  916) 
the  body  is  much  elongated,  and  the  fins  are  very  small  and  widely 
separated.    It  occurs  in  the  Kupfer-Schiefer  and  Magnesian  Lime- 
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Stone  (Middle  Permian)  of  Germany  and  England ;  and  one  species 
has  been  said  to  occur  in  the  English  Trias.  That  species  is,  how- 
ever, now  referred  to  the  Dapediida ;  but  a  true  Palaoniscus  is 
recorded  from  the  Hawkesbury  beds  of  New  South  Wales,  which 
may  be  of  Triassic  age.  The  remaining  better  known  genera  are 
Elonichthys,  from  the  Carboniferous  of  Europe  and  America ;  Acro- 


Fig.  915. — Rhabdolepis  macroptera ;  from  the  Lower  Permian  of  Saxony.  Reduced. 

(After  Agassiz.) 

/epis,  ranging  from  the  Permian  to  the  Carboniferous,  and  perhaps 
to  the  Devonian,  of  Europe ;  Nematoptychius,  Cycloptychius,  Micron- 
odus,  and  Gonatodus,  from  the  British  Carboniferous ;  the  gigantic 
Af?iblypterus,  of  the  German  Permian  ;  Rkadintchthys,  from  the  Car- 
boniferous of  both  Europe  and  North  America ;  Eurylepis,  from 
the  Carboniferous  of  Ohio ;  Holurtis,  Canobius,  and  Fhanerosteon, 
of  the  Scottish  Carboniferous  ;  Fygopterus,  of  the  German  Permian  ; 
Myriolepis,  from  the  Hawkesbury  of  New  South  Wales  ;  Urosthenes, 
from  the  underlying  Newcastle  group  of  the  latter  country ;  Gyro- 


Fig.  916. — Palieoniscus  macropomus  ;  from  the  Middle  Permian  of  Germany.  Reduced. 

(After  Traquair.) 

lepis,  from  the  Middle  Trias  of  the  Continent ;  and  Oxygnathus, 
Cosmolepis,  Thrissolepis,  Centrolepis,  and  Lissolepis,  from  the  Eng- 
lish Lias.  Here  also  may  be  mentioned  the  genera  Spharohpis,  of 
the  Permian  of  Bohemia,  and  Coccolepis,  of  the  Kimeridgian  of  Bavaria, 
which,  although  having  cycloidal  imbricating  scales,  appear  to  be 
allied  to  the  present  family. 
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Family  Platysomid^. — The  Platysomida  agree  with  the  preced- 
ing family  in  the  characters  of  the  vertebral  column,  fins,  scales,  and 
the  main  cranial  structure,  but  differ  by  the  body  becoming  deep 
and  short,  with  an  ovoid  or  rhomboidal  contour,  and  also  by  minor 
modifications  in  the  cranial  structure.  The  teeth  are  small,  and 
may  be  either  sharp  or  obtuse.  The  chief  difference  in  the  struc- 
ture of  the  skull  consists  in  the  deflection  of  its  axis  below  that  of 
the  vertebral  column,  instead  of  being  continuous ;  while  the  hyo- 
mandibular,  instead  of  being  very  oblique,  becomes  nearly  vertical, 
and  the  ethmoid  is  elongated.  These  changes  cause  the  mouth  to 
be  separated  widely  from  the  orbit,  the  jaws  to  become  "  prognath- 
ous," and  the  gape  of  the  mouth  itself  to  be  much  reduced ;  they 
are  readily  apparent  by  contrasting  the  figure  of  Palceoniscus  with 
that  of  Chirodiis.  Dr  Traquair  regards  this  family  as  a  group  of 
specialised  forms  descended  from  the  PalaoniscidcB ;  their  external 
resemblance  to  the  Dapediida  being  probably  due  merely  to  adap- 
tation to  similar  conditions  of  life,  and  not  indicating  a  real  affinity. 
In  Etirynotus  (fig.  917)  the  contour  of  the  body  is  not  so  greatly 


Fig.  917. — Eurynotus  crenatus  ;  from  the  Carboniferous  of  Scotland.  Reduced. 
(After  Traquair.) 


removed  from  the  Palseoniscid  type;  the  pectoral  fin' is  large,  the 
dorsal  also  large,  and  beginning  above  the  pelvic,  while  the  base  of 
the  anal  is  short.  This  genus  occurs  in  the  Carboniferous  of  Scot- 
land and  Belgium.  In  Benedenius,  of  the  Belgian  Carboniferous, 
the  body  becomes  more  oval,  and  the  dorsal  fin  is  placed  more  pos- 
teriorly. More  or  less  nearly  allied  to  this  group  are  Mesolepis,  of 
the  British  Carboniferous;  Eurysomus,  of  the  Middle  Permian  of 
England  and  Belgium ;  and  Wardichthys,  of  the  Scottish  Carbon- 
iferous. In  Chirodus  (fig.  918),  of  the  British  Carboniferous,  the 
body  is  rhomboidal ;  the  dorsal  and  anal  fins  have  a  long  base, 
short  rays,  and  an  anterior  spine ;  while  the  pelvic  fin  is  unknown, 
and  the  pectoral  small.    Closely  allied,  again,  is  Chirodopsis,  from 
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the  same  horizon.  The  last  and  type  genus  Platysomus  (figs.  919 
and  920)  is  represented  by  a  large  number  of  species,  ranging  from 
the  Carboniferous  of  England  and  North  America  to  the  Middle 


Fig.  918. — Chirodus  granulosus  ;  from  the  Carboniferous  of  Scotland.  Reduced. 

(After  Traquair.) 

Permian  of  England  and  the  Continent.  The  Contour  of  the  body 
is  less  rhomboidal  than  in  Chirodus  ;  the  dorsal  and  anal  fins  have 
no  anterior  spines ;  the  pelvic  fin  is  very  small,  and  but  seldom  pre- 
served ;  while  the  pectoral  is  of  medium  size. 


^.—Platysomus  strtatus;  from  the  Middle  Permian  of  England.  Reduced. 
(After  Traquair.) 


Suborder  6.  Lepidosteoidea. — In  the  Lepidosteoids  the  paired 
fins  are  non-lobate;  there  is  no  infraclavicular  bone;  the  rays  of 
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the  dorsal  and  anal  fins  correspond  in  number  with  their  supporting 
interspinous  bones ;  the  opercular  bones  are  Hke  those  of  the  Tele- 
ostei ;  there  is  frequently  a  median  jugular  plate  on  the  first  pair  of 
branchiostegals ;  the  development  of  the  vertebral  column  varies ; 
the  tail  is  of  the  masked  heterocercal  type  ;  and  the  scales  are  rhom- 
boidal,  or  may  be  occasionally  replaced  by  angular  scutes.  This 


Fig.  920. — Platysomus gibbosus ;  from  the  Middle  Permian  of  Germany.  Reduced. 
The  pelvic  fin  is  not  shown. 


suborder  is  represented  at  the  present  day  by  the  somewhat  aber- 
rant LepidosteidcB,  and  also  by  a  large  number  of  Mesozoic  forms 
ranging  from  the  Trias  upwards.  As  already  mentioned,  the  exter- 
nal resemblance  of  the  Dapediida  and  Pycnodontida  to  the  Platy- 
somida  is  not  regarded  by  Dr  Traquair  as  indicative  of  real  affinity. 

Family  Dapediid^e. — In  this  family,  which  by  some  writers  is 
subdivided  and  known  as  the  Saurida  and  Stylodontidce,  the  body 
is  either  fusiform  or  ovate;  the  opercular  bones  present  certain 


Fig  g2i.—Semionotus  Kapffi;  from  the  Keuper  of  Wurtemberg.    (After  Fraas.) 

characteristic  features ;  the  upper  lobe  of  the  body-axis  of  the  tail, 
and  usually  the  anterior  borders  of  the  other  fins,  have  well-devel- 
oped fulcra ;  the  vomer  and  jaws  carry  several  rows  of  small  teeth, 
of  which  the  outermost  are  curved  and  resemble  claws  {griffehahne)  • 
and  the  ossification  of  the  vertebral  column  is  imperfect.  Among 
the  genera  with  fusiform  bodies,  one  of  the  best  known  is  Semionotits 
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(fig.  921),  which  is  widely  spread  over  Europe.  According  to  Dr 
Deecke,  this  genus  is  represented  in  the  Bunter  and  Muschelkalk ; 
it  is  common  in  the  Keuper,  or  Upper  Trias,  and  thence  ranges  to 
the  Kimeridgian,  or  Upper  Jurassic.  It  has  also  been  recorded 
from  the  Stormberg  beds  in  the  upper  part  of  the  Karoo  system  of 
South  Africa ;  and  it  appears  to  be  also  represented  in  the  Trias 
of  North  America,  where  it  has  received  the  name  of  Ischypterus. 
In  these  fishes  the  dorsal  fin  is  small,  the  inequality  of  the  scaled 
portion  of  the  caudal  strongly  marked,  and  there  is  a  row  of  large 
spine-like  scales  on  the  middle  line  of  the  back.  Other  more  or 
less  nearly  allied  forms,  of  which  some  were  formerly  included  in 
FalcBoniscus,  are  Acentrophorus,  from  the  British  Permian ;  Cato- 
pterus,  from  the  North  American  Trias ;  and  Diciyopyge,  from  the 
Trias  of  both  England  and  North  America,  the  type  species  of  the 
latter  having  been  originally  named  Palaonisms  super stes.  In 
Heterolepidotus,  typically  from  the  Lower  Lias  of  England,  and 
Heterostrophiis^  from  the  Kimeridgian  of  Bavaria,  we  have  genera 
in  which  the  contour  of  the  body  is  more  like  that  of  the  type  genus. 
Heterolepidotus,  according  to  Dr  Deecke,  is  also  represented  in  the 
Muschelkalk,  and  survived  to  the  Kimeridgian.    The  name  Allo- 


Fig.  (j22.—Dapedi-ui pholidotus;  from  the  Upper  Lias  of  Wurtemberg.  Reduced. 


lepidohis  is  applied  to  allied  types  also  represented  in  the  Muschel- 
kalk. Dapedius  (fig.  922),  in  which  Aichmodus  maybe  included, 
comprises  a  number  of  medium-sized  fishes  with  broadly  ovate 
bodies,  ranging  in  Europe  from  the  Keuper  to  the  Lower  Jurassic, 
but  also  occurring  in  the  Kota  beds  of  the  Indian  Gondwanas,  which 
are  somewhat  higher  than  the  Maleri  beds  from  which  Ceratodus  is 
obtained.  The  dorsal  and  anal  fins  have  elongated  bases,  and  the 
inequality  between  the  upper  and  lower  lobes  of  the  scaled  part  of 
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the  caudal  fin  is  comparatively,  slight.  In  typical  species  the  teeth 
are  simple,  while  in  others  (on  which  ^chmodus  was  founded)  they 
are  forked  at  their  summit ;  since,  however,  both  types  are  occa- 
sionally found  in  a  single  species,  they  do  not  afford  grounds  for 
generic  distinction.  The  so-called  Amblyurns  has  been  founded  on 
crushed  Liassic  specimens  of  Dapedius.  Allied  forms  are  Pleurolepis 
and  Homceokpis,  from  the  Upper  Lias  of  Wiirtemberg.  In  Tetra- 
gonolepis,  of  the  European  Lias  and  the  Kota  beds  of  the  Indian 
Gondwanas,  the  body  resembles  that  of  the  type  genus,  but  the  form 
of  the  dorsal  and  anal  fins  is  different,  the  caudal  fin  is  nearly  sym- 
metrical, and  the  vertebral  centra  develop  rings  of  bone ;  all  these 
characters  approximating  to  the  next  family,  in  which  Sir  P.  Egerton 
placed  both  this  and  the  following  genus.  Clithrolepis  is  an  allied 
genus  typically  from  the  Wianumattu  and  Hawkesbury  beds  of  New 
South  Wales,  but  also  occurring  in  the  Stormberg  beds  of  the  South 
African  Karoo  system,  and  not  improbably  in  the  Indian  Kota  beds  ; 
all  these  strata  being  of  approximately  equivalent  age. 

Family  Pycnodontid^. — The  Pycnodonts  form  a  compact 
group,  ranging  from  the  Lias  to  the  Eocene,  in  regard  to  the  serial 


Fig.  923— -Dentition,  scales,  and  vertebral  column  of  Pycnodonts  :  a.  Jaws,  and  b,  vomerine 
and  mandibular  teeth  of  Microdon;  c.  Do.  of  Ccelodm ;  d,  Vertebral  column  of  Palaobalistum  ; 
e,  uo.  of  Fycnodus ;  f,  Scales  of  Gyrodus.    The  dentition  is  greatly  reduced. 

position  of  which  very  divergent  views  have  been  entertained.  Dr 
Traquair  is,  however,  disposed  to  regard  them  as  specialised  forms 
connected  with  the  Dapediidce  and  Lepidotidce,  and  they  are  accord- 
ingly here  placed  between  those  families.  This  family  has  been 
recorded  from  Europe,  Asia  Minor,  North  America,  and  Australia, 
and  presents  the  following  characteristics.    The  body  is  of  a  rhomb- 
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oidal  shape,  presenting  a  striking  resemblance  in  this  respect  to 
the  Platysomidce  ;  the  caudal  fin  is  of  a  completely  masked  hetero- 
cercal  type,  and  there  are  no  fulcra  to  the  fins.  The  notochord  is 
persistent,  but  the  neural  arches  and  ribs  are  ossified,  and  in  the 
later  forms  the  heads  of  the  latter  (fig.  923)  are  enlarged,  so  as  to 
simulate  portions  of  vertebral  centra.  The  premaxills  are  toothless; 
the  conjoint  palatines  and  vomer  form  a  triangular  bone  (fig.  923), 
carrying  five  longitudinal  rows  of  oval  or  round  molariform  teeth, 
while  in  the  mandible  the  dentary  bones,  which  form  the  extremity 
of  the  symphysis,  have  two  or  four  chisel-like  teeth,  and  the  splenials 
are  enlarged  and  carry  on  either  side  from  three  to  five  or  more 
rows  of  molariform  teeth  (fig.  923)  opposed  to  those  of  the  former. 
Commencing  with  the  typical  genus  Fycnodus,  we  find  this,  as  now 
defined,  restricted  in  Europe  to  the  Lower  Eocene  of  Sheppey  and 
the  Middle  Eocene  of  Monte  Bolca  in  Italy.  There  are  only  three 
rows  of  teeth  on  either  side  of  the  mandible,  of  which  the  innermost 

is  the  largest ;  while  on 
the  vomer  the  teeth  of 
the  three  inner  rows  are 
round,  and  those  of 
the  two  outer  rows  are 
larger  and  oval.  Other 
characters  are  found  in 
the  position  of  the 
orbit,  the  large  size  of 
the  mouth,  and  the 
superiority  in  the  length 
of  the  dorsal  as  com- 
pared with  the  anal  fin. 
A  fish  from  the  Creta- 
ceous of  Brazil  has  been 
referred  by  Professor 
Cope  to  this  genus. 
The  allied  Falceobalis- 
tum  (fig.  923,  d),  in 
which  all  the  upper 
teeth  are  subequal, 
occurs  in  the  Chalk 
of  the  Lebanon,  the 
Cretaceous  Pisolite  of 
Mont  Aime  in  France, 
and  also  in  the  Middle  Eocene  of  Monte  Bolca.  The  greater 
number  of  the  Cretaceous  forms  are,  however,  referable  to  the 
genus  Acrotejnnus  Coelodiis^  which  comprises  some  species  attaining 

1  The  name  Ccclodtis  being  preoccupied  by  Ccelodon,  the  term  Acrotemnus,  pro- 
posed by  Agassiz  for  detached  teeth,  is  adopted. 


Fig.  924.— Vomer  of  Acrotejnnus gyrodoides  ;  from  the 
EngHsh  Cretaceous.    (After  Egerton.) 
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a  large  size.  The  vomerine  teeth  (fig.  924)  of  the  middle  row  are 
elliptical,  and  much  larger  than  either  of  the  others,  while  there 
are  usually  three  rows  on  either  side  of  the  mandible,  although 
these  are  occasionally  increased  to  four.  The  dorsal  fin  extends 
in  advance  of  the  anal.  This  genus  ranges  from  the  Gault  to  the 
Chalk,  and  is  widely  spread  through  Europe.  In  Mesodon-  we 
have  a  genus  ranging  from  the  English  Lias  to  the  Lower  Kimer- 
idgian  of  Bavaria,  and  not  improbably  also  represented  in  the 
Lower  Greensand.  Here  the  vomerine  teeth  of  the  middle  row 
are  larger  than  the  teeth  of  the  other  rows,  which  are  exceedingly 
small,  and  in  the  outermost  line  have  a  wart-like  surface.  Allied 
genera  are  Mesturus  and  Athrodon  from  the  Kimeridgian  of  the 
Continent. 

Stemfnaiodus  (fig.  925),  which  comprises  two  small  species  from 
the  Lower  Cretaceous  of  Italy,  is  characterised  by  the  great  length 


Fig.  925. — Stemmatodus  rhombus  ;  from  the  Lower  Cretaceous  of  Italy. 

of  the  dorsal  and  anal  fins,  and  also  by  the  concave  surfaces  of  the 
molariform  teeth,  which  are  of  subequal  size.  Microdon  is  another 
allied  genus,  ranging  in  Europe  from  the  Kimeridge  to  the  Purbeck. 
The  arrangement  of  the  teeth,  and  the  peculiar  structure  of  the 
heads  of  the  ribs  are  shown  in  fig.  923.  In  Gyrodiis  we  seem  to 
have  the  most  specialised  members  of  the  entire  family,  all  of  them 
being  characterised  by  the  sculptured  crowns  of  the  molariform 
teeth.  The  vomer  is  very  narrow,  and  has  the  teeth  subcircular, 
those  of  the  middle  row  being  much  the  largest ;  while  in  the  man- 
dible there  are  four  rows  on  either  side,  of  which  the  first  and  third 
are  the  larger.  This  genus  is  especially  abundant  in  the  Lower 
Kimeridgian  lithographic  limestone  of  Bavaria,  but  it  also  ranges 
upwards  into  the  Chalk  of  Sussex,  and  downwards  into  the  Lower 
Jurassic  Stonesfield  Slate.  Finally,  Coccodus  is  founded  on  an  im- 
perfect specimen  from  the  Chalk  of  the  Lebanon  really  belonging 
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to  this  family,  but  which  has  been  referred  to  the  Teleostean 
Siluroids. 

Family  Lepidotid^  (Sph^rodontid^). — In  the  Lepidotida.  the 
body  is  more  or  less  fusiform,  the  upper  scaled  portion  of  the  tail  is 
longer  than  the  lower,  and  the  fulcra  of  the  fins  are  well  developed. 
The  palatine,  vomer,  maxilla,  and  dentary  carry  rows  of  knob-like 
teeth  (fig.  926),  while  the  premaxilla  is  furnished  with  teeth  of  a 
chisel-like  form.  The  type  genus  Lepidotiis  (fig.  926),  with  which 
Spharodus  is  in  great  part  identical,  has  a  wide  distribution  both  in 
time  and  space.  Thus,  in  Europe  it  ranges  from  the  Muschelkalk, 
or  Middle  Trias  (where  its  scales  have  been  described  under  the 
names  of  Dactylolepis  and  Thollodus)  to  the  Chalk,  and  it  also 
occurs  in  the  Kota  group  of  India,  and  the  Cretaceous  of  Brazil 
and  of  North  America.  The  large  button-like  teeth  of  L.  tnaxinius 
are  abundant  in  the  Kimeridge  Clay,  and  specimens  have  been 


Fig.  ait.—Lepidotus  maximus  ;  from  the  Kimeridgian  of  Bavaria.    Reduced.  Larger 
views  of  teeth  and  a  scale  are  given  in  the  corners. 


found  comprising  nearly  the  whole  palate,  and  exhibiting  the  curious 
manner  in  which  the  replacing  teeth  gradually  turn  over  as  they 
come  into  use.  The  names  Nephrotus,  Cenerodics,  Omphcelodus, 
Hemilopus,  and  Asterodon,  have  been  applied  to  molariform  and 
chisel-like  teeth  belonging  to  members  of  this  family  from  the  Trias 
of  Silesia  and  Thuringia;  while  teeth  of  the  latter  type  from  the 
bone-bed  of  the  same  period,  in  both  Wiirtemberg  and  England, 
described  under  the  name  of  Sargodon,  should,  perhaps,  be  likewise 
placed  here ;  and  Neorhofnbolepis,  of  the  English  Chalk,  appears  to  be 

an  allied  form.  r,.,     ,   j     •  .u- 

Family  Eugnathid^  (Saurodontid^).  —  The  body  m  this 
family  is  long  and  slender ;  the  snout  short ;  the  fins  have  fulcra, 
the  caudal  being  of  a  partially  or  completely  masked  heterocercal 
type  •  the  vertebral  centra  maybe  either  imperfectly  or  fully  ossified, 
and  the  teeth  are  pointed.  The  range  in  time  of  this  family  extends 
from  the  Upper  Trias  to  the  Neocomian  of  Europe,  but  may,  per- 
haps also  include  the  Chalk.    In  the  typical  group  we  have  Eu- 
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gnathus  ranging  from  the  Keuper  to  the  Kimeridgian,  while  in  the 
Lias  we  find  Platysiagiwi  and  Ftycholepis,  and  Pholidopleurus  and 
Peltopleurus  in  the  Keuper.  A  second  group  is  represented  by 
PleurophoUs,  of  the  Kimeridgian  of  Bavaria,  and  also  by  Thoraco- 
pterus  and  Pterygopterus  of  the  Keuper,  the  latter  being  distinguished 
by  the  absence  of  the  pelvic  fins.  The  genus  Pholidophorus  in- 
cludes small  Fishes  somewhat  resembling  a  Carp  in  form,  which 
range  from  the  Muschelkalk  to  the  Purbeck.  A  fish  from  the 
Muschelkalk,  originally  described  as  Pholidophorus  porro,  has  been 
made  the  type  of  the  genus  Prohalecites,  on  account  of  peculiar 
features  in  its  squamation.  Larger  forms  are  ranked  under  the 
genera  Isopholis  of  the.  Lias  and  Kimeridgian,  and  Ophiopsis,  which 
extends  from  the  Lias  to  the  Purbeck.  Of  the  remaining  genera 
we  have  Eusemius  and  Propterus  in  the  Kimeridgian  of  Bavaria ; 
Notagogus  from  the  latter  deposits,  and  also  in  the  Lower  Greensand 
of  Italy ;  Histmiotiis  in  the  Bavarian  Kimeridgian  and  the  English 
Purbeck ;  Macrosemius  ranging  from  the  Stonesfield  Slate  to  the 
Kimeridgian  of  Bavaria ;  and  Legnonotus  from  the  English  Lias. 
Lophiostotmis,  from  the  Chalk  of  Sussex,  may  perhaps  be  placed 
here,  although  its  skull  approximates  to  that  of  Amia.  The  scales 
are  pitted,  and  have  a  pectinated  posterior  border. 

Family  AspiDORHYNCHiDyE  (Rhynchodontid^). — In  this  family 
the  body  is  much  elongated,  and  covered  with  scales  of  unequal 
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ig.  927.— A,  The  Gar-pike  (Lef>idosteus  osseus).    Recent.    North  .America.    B,  AspUio- 
rhynchus;  from  the  Jurassic.    Both  much  reduced. 


Sizes ;  the  skull  is  produced  into  a  short  rostrum;  the  caudal  fin  is  of 
the  masked  heterocercal  type ;  the  fins  carry  fulcra ;  the  vertebrae 
have  ossified  rings ;  and  the  teeth  are  either  blunt  or  sharp.  This 
taniily  IS  represented  only  by  the  Mesozoic  genera  Aspidorhynchus 
and  Belotiostomus,  in  both  of  which  the  dorsal  fin  is  placed  above 
the  anal.    In  the  former  (fig.  927,  b),  which  ranges  from  the  Lias  to 
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the  Purbeck,  the  length  of  the  upper  jaw  exceeds  that  of  the  lower, 
and  in  advance  of  the  mandibular  symphysis  there  is  a  predentary 
bone  (not  shown  in  the  figure)  apparently  corresponding  to  the  one 
found  in  certain  Dinosaurs.  In  Belonostomus,  which,  as  now  re- 
stricted, ranges  from  the  Lower  Kimeridgian  of  Bavaria  to  the 
Chalk,  the  predentary  bone  is  so  much  elongated  as  to  make  the 
upper  and  lower  jaws  of  nearly  equal  length,  and  the  predentary 
carries  a  median  row  of  large  conical  teeth,  flanked  by  two  rows  of 
minute  teeth ;  the  teeth  of  the  normal  bones  of  the  jaws  having 
mammilated  crowns  adapted  for  crushing. 

Family  Belonorhynchid^. — This  family  name  has  been  pro- 
posed by  Mr  S.  Woodward  for  the  remarkable  genus  Belofwrhynchus, 
typically  occurring  in  the  Upper  Trias  of  Carinthia,  but  also  found 
in  the  Lower  Lias  of  Dorsetshire,  where  the  specimens  had  been 
originally  referred  to  Belotiostoftius.  According  to  the  writer  quoted, 
Belonorhynchus  was  allied  to  the  latter  genus,  having  a  similar  long 
and  slender  body,  with  the  same  general  position  and  structure  of 
the  fins,  and  probably  furnished  with  a  predentary  bone.  The  fulcra 
of  the  fins  were,  however,  either  absent  or  very  minute ;  and,  with 
the  exception  of  a  median  dorsal  and  ventral  series  of  scutes,  and 
another  series  on  the  lateral  line,  the  body  was  naked.  The  im- 
perfectly known  Saurichihys,  from  the  Rhaetic  of  Bristol,  is  a  closely 
allied,  if  not  generically  identical,  type.  Specimens  of  the  upper 
jaw  show  that  (as  in  Belonorhynchus)  the  bone  was  covered  with  fine 
tubercles,  and  that  the  maxillse  gave  off  horizontal  palatal  plates,  like 
those  found  in  Amphibians  and  Reptiles. 

Family  Lepidosteid^. — The  Gar-pikes  of  the  genus  Lepidosteus 
(fig.  927,  a),  inhabiting  the  freshwaters  of  Northern  and  Central 
America  and  Cuba,  agree  with  the  Aspidorhynchidce  in  the  general 
contour  of  the  body  and  the  arrangement  of  the  fins ;  but  the 
rostrum  of  the  skull  is  much  longer,  and  the  tail  distinctly  hetero- 
cercal.  The  scales  are  lozenge-shaped.  The  existing  genus  appears 
to  be  represented  in  the  Lower  Eocene  of  France  by  a  species  (Z. 
Maxuniliani)  formerly  referred  to  Lepidotus ;  and  it  may  also  occur 
in  the  Upper  Eocene  (Oligocene),  where  a  species  described  under 
the  name  of  Naisia  has  been  referred  to  it.  In  North  America  we 
have  also  Fneumatosteus,  from  the  Miocene,  and  Clasfes,  from  the 
Lower  Eocene,  both  being  freshwater  forms,  and  the  latter  also 
occurring  in  the  Eocene  of  Rheims. 

Suborder  7.  Amioidea. — According  to  Dr  Traquair's  classifi- 
cation, the  last  and  most  specialised  suborder  of  the  Ganoids  is 
typically  represented  by  the  existing  Anna  and  a  series  of  Mesozoic 
genera  approximating  more  or  less  closely  to  the  Teleostei.  In 
these  forms  the  paired  fins  are  non-lobate  ;  the  infraclavicular  bone  is 
absent ;  the  operculars  are  Teleostean ;  the  branchiostegals  have  a 
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median  jugular  plate;  the  vertebra  are  more  or  less  completely 
ossified ;  the  tail  is  masked  heterocercal ;  and  the  scales  are  thin  and 
usually  cycloidal.  In  all  cases  the  teeth  are  small  and  pointed.  It 
is  probable,  indeed,  that  in  the  Mesozoic  representatives  of  this 
group  we  have  forms  closely  allied  to  the  ancestors  of  the  Teleostei, 
and  it  is  more  than  likely  that  future  discoveries  will  show  a  com- 
plete passage  between  the  Ganoids,  as  represented  by  this  suborder, 
and  the  Teleosteans. 

Family  PACHVCORMiDiE  (Microlepidoti). — According  to  Pro- 
fessor Zittel,  Pachycormus  and  its  allies  should  be  placed  in  this  sub- 
order, although  other  writers  have  regarded  them  as  more  nearly 
related  to  the  Dapediida.  In  these  forms  the  scales,  although  thin 
and  imbricating,  are  subrhomboidal,  and  the  vertebral  column  is 
very  incompletely  ossified.  The  chief  genera,  which  are  European, 
include  Pachycormus,  ranging  from  the  Lias  to  the  Oxford  Clay 
(Middle  Jurassic) ;  Endactts,  from  the  Lower  Lias ;  Euthynotus,  of 
the  same  horizon ;  and  Hypsicortmis,  Sauropsis,  and  Agassizia,  of 
the  Lower  Kimeridgian  of  Bavaria. 

Family  CATURiDiE. — The  Caturoids  are  a  family  of  Salmon- 
shaped  fishes,  varying  greatly  in  size,  and  ranging  in  time  from  the 
Lias  to  the  Chalk,  but  especially  common  in  the  Kimeridgian  litho- 
graphic limestones.  The  vertebral  column  may  be  either  very  imper- 
fecdy  or  completely  ossified,  the  tail  is  more  or  less  deeply  forked,  and 
the  fins  have  fulcra.  Caturus  itself  comprises  a  number  of  species, 
some  of  which  are  of  large  size,  and  two  of  which  are  represented  in 
figs.  928,  928  bis.    The  scales  are  very  like  those  of  the  Teleosteans, 


Fig.  928.— Skeleton  of  Caturus  fureatus  ;  from  the  Kimeridgian  of  Bavaria.  Reduced. 
/>,  Pectoral ;  v.  Pelvic ;  a,  Anal ;  c.  Caudal ;  "d.  Dorsal  fin. 

but  Still  retain  the  Ganoid  character  of  an  inferior  layer  of  bone  and 
an  upper  one  of  enamel.  The  dorsal  fin  is  placed  immediately  above 
the  pelvic.  This  genus  ranges  from  the  Lias  to  the  Kimeridgian, 
C.  maximus  attaining  a  length  of  three  feet.  Strobilodus,  from  the 
Kimeridgian  of  England  and  the  Continent,  is  a  closely  allied  if  not 
identical  genus.  Other  genera  are  Isocolum,  from  the  Dorsetshire 
I^wer  Lias  ;  and  the  Jurassic  Liodesmus,  Eiirycormus,  Oligopkurus, 
(Enoscopus  {Attakeopsis),  Macrorhipis,  and  yEthalion.  Oligopkurus 
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has  the  dorsal  fin  placed  behind  the  pelvic ;  and  in  this  and  several 
of  the  other  genera  the  vertebrae  consist  of  the  upper  and  lower 

horse-shoe-shaped  elements  mentioned 
in  the  preliminary  notice  of  the  order. 

Family  LEPxcLEPiDiDiE. — Of  strik- 
ing similarity  in  external  contour  to 
the  Caturoids  is  the  genus  Leptolepis 
(fig.  929),  which  is  placed  by  Dr 
Giinther  next  to  that  family,  although 
some  palaeontologists  regard  it  as  a 
Teleostean.  The  vertebral  column  is 
fully  ossified,  and  the  fins  are  with- 
out fulcra.  In  this  genus,  which 
ranges  from  the  Lias  to  the  Kimer- 
idgian,  the  dorsal  fin  is  placed  im- 
mediately over  the  pelvic ;  but  in 
Thrissops,  of  the  Kimeridgian,  it  is 
above  the  anal.  In  external  charac- 
ters these  Fishes  cannot  be  distin- 
guished from  Teleosteans ;  and  it  is 
probable  that  they  are  intimately 
connected  with  that  order,  even  if 
they  should  not  be  placed  in  it. 

Family  Amiid^e. — In  the  Amioids 
the  vertebral  column  is  fully  ossified, 
and  in  the  caudal  region  has  a  series 
of  centra  bearing  the  neural  and 
haemal  arches,  which  alternate  with 
intercentra  devoid  of  such  append- 
ages. Fulcra  may  or  not  be  pres- 
ent ;  and  the  caudal  fin  is  convex, 
with  the  extremity  of  the  vertebral 
column  bent  sharply  up  into  the 
upper  lobe.  In  Megalunis,  of  the 
Purbeck  and  Kimeridgian,  fulcra  are 
present,  and  the  dorsal  fin  is  short, 
and  does  not  extend  in  advance  of 
the  pelvic.  Lopkiurus,  from  the 
same  horizon,  and  Opsigonus  and  Amiopsis,  of  the  Lower  Chalk, 
are  other  genera,  of  which  the  first  two  are  nearly  related  to 
Megalurus.  The  existing  Amia,  of  the  freshwaters  of  the  southern 
United  States,  has  no  fulcra,  and  the  dorsal  fin  occupies  three- 
quarters  of  the  length  of  the  body.  It  appears  probable  that  this 
genus  is  represented  in  the  Upper  Eocene  (Lower  Oligocene)  and 
the  Lower  Miocene  of  the  Continent,  where  its  remains  have  been 


Fig.  928  bis.  —  Skeleton  of  Caturus 
clongatns ;  from  the  Kimeridgian  of 
France.  One-half  natural  size.  (After 
Zittel.) 
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described  under  the  names  of  Cycbirus  and  NotcBus ;  and  it  also 
occurs  in  the  Eocene  of  Colorado  and  Wyoming,  where  it  has  been 
described  as  Frotamia  and  Hypamia.  The  Eocenes  of  the  latter 
district  and  of  Rheims  have  also  yielded  the  allied  Pappichthys, 


Fig.  929. — Leptokpis  sprattiformis ;  from  the  Kimeridgian  of  Bohemia. 
Letters  as  in  fig.  928. 


in  which  there  is  but  a  single  row  of  teeth ;  and  members  of  this 
family  may  occur  in  the  Chalk  of  the  Lebanon. 

Incertte  Sedis. — The  remarkable  genus  Dorypterus,  of  the  Per- 
mian of  Hesse  and  Durham,  may  be  conveniently  noticed  here,  since 
its  position  is  very  problematical.  In  this  remarkable  fish  the  body 
is  shaped  somewhat  like  that  of  a  Suniish,  and  the  anterior  part  of 
the  dorsal  fin  is  taller  than  the  whole  depth  of  the  body.  There 
are,  moreover,  the  Ganoid  characters  of  fulcra  to  the  fins,  and  the 
notochordal  condition  of  the  vertebral  column ;  but,  on  the  other 
hand,  there  are  no  ganoid  scales,  and  the  pelvic  fins  are  placed  in 
advance  of  the  pectorals,  as  in  some  of  the  Teleostei.  On  account 
of  this  curious  combination  of  characters.  Professor  Cope  has  pro- 
posed to  make  Dorypterus  the  type  of  a  special  order,  the  Dory- 
copteri,  with  the  family  Dorypterida. 
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Order  VI.  Teleostei.  —  The  last,  and  in  many  respects  the 
most  highly  organised,  order  of  Fishes  is  the  Teleostei,  which  in- 
cludes the  greater  number  of  existing  forms,  and  (unless  some  of 
the  genera  here  placed  in  the  Amioidea  belong  to  it)  does  not  date 
back  beyond  the  Cretaceous.  The  Teleostei  are  in  all  probability 
descended  from  the  Ganoids,  and  occupy  in  the  class  a  somewhat 
analogous  position  to  that  held  by  the  Squamata  among  the  Reptiles 
and  the  Passeres  among  Birds ;  all  traces  of  Amphibian  affinities 
having  been  entirely  lost  in  this  order. 

It  is  impossible  to  give  a  definition  of  the  order  by  which  it  can 
be  sharply  separated  from  the  Ganoids,  but  the  following  are  its 

most  characteristic  fea- 
tures from  a  palseon- 
tological  point  of  view. 
The  body  is  usually 
covered  with  thin  elas- 
tic, cycloid,  or  ctenoid 
scales  (figs.  832,  833); 
but  bony  scutes  or  gan- 
oid scales  are  occasion- 
ally present.  The  whole 
of  the  endoskeleton  is 
well  ossified ;  and  the 
gills  are  freely  suspend- 
ed in  a  gill-cavity  cover- 
ed by  a  well-developed 
operculum  (fig.  930). 
The  caudal  fin  of  the 
adult  is  of  that  completely  masked  heterocercal  type  usually  termed 
homocercal  (fig.  931).    The  pelvic  fins  may  be  either  abdominal 


Fig.  930.— Skull  of  Trout  {Salmo). 


Ms 

Reduced. 


Letters 


as  in  fig.  843,  p.  917. 
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or  placed  in  advance  of  the  pectorals.  The  fin-rays  may  or  may 
not  be  articulated ;  and  there  are  never  fulcra  on  the  fins.  There 
are  two  pairs  of  nasal  openings  on  the  top  of  the  head.  Other 
characters  are  found  in  the  soft  parts  which  are  not  usually  avail- 
able in  the  case  of  fossils. 

It  may  further  be  observed  that  Teleosteans  agree  with  Ganoids 
in  the  hyostylic  structure  of  the  skull,  and  that  cranial  bones  and  a 
secondary  pectoral  girdle  (fig.  844)  are  always  developed.  The 
arrangement  of  the  cranial  bones  in  a  typical  Teleostean  is  shown 
in  fig.  930,  where  it  will  be  seen  that  the  preopercular  {Pr)  does  not 


Fig.  931.— Skeleton  of  the  Perch  {Percajluviatilis).    Reduced.    Letters  as  in  fig.  836,  p.  913. 


extend  on  to  the  face  as  it  does  in  some  Ganoids.  In  certain  forms, 
however  {Siluridai),  the  cranium  develops  large  bony  plates,  articu- 
lating with  others  in  the  cervico-dorsal  region,  and  presenting  a 
striking  resemblance  to  some  of  the  cartilaginous  Ganoids.  In  the 
same  group  strong  spines,  articulating  with  the  underlying  bones,  are 
developed  in  the  pectoral  and  dorsal  fins;  while  the  Salmonoids,  many 
Siluroids,  and  others  develop  behind  the  rayed  dorsal  an  additional 
fin  without  rays,  to  which  the  name  adipose  or  fatty  fin  is  applied. 

According  to  Dr  Giinther's  classification,  the  Teleostei  are  divided 
into  six  suborders,  but  other  writers  would  group  the  last  five  of 
these  together  under  the  name  of  Physoclysti,  as  of  equivalent  value 
to  the  first,  or  Physostomi.  The  former  arrangement  will  be  fol- 
lowed here,  but  only  such  families  as  are  of  importance  to  the 
paleontologist  can  be  noticed. 

Suborder  i.  Physostomi.— In  this  suborder  the  swim-bladder, 
when  present,  is  connected  by  a  duct  with  the  pharynx ;  the  pelvic 
fins  are  generally  abdominal  in  position,  and  have  no  spine ;  while 
all  the  fin-rays  are  articulated,  but  sometimes  only  the  first  rays  of 
the  dorsal  and  pectoral  fins  are  ossified.    This  suborder  comprises 
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the  most  generalised  Teleosteans,  and  those  most  nearly  connected 
with  the  bony  Ganoids. 

Family  Salmonid^. — The  members  of  this  and  the  next  family 
are  so  intimately  connected  by  fossil  forms,  that  it  is  very  difficult 
to  draw  any  distinction  between  them,  and  it  has  accordingly  been 
proposed  by  some  writers  that  they  should  be  united  under  the 
name  Halecidce.  The  fossil  genus  Halec  is,  however,  very  imper- 
fectly known,  and  if  it  be  eventually  found  advisable  to  merge  the 
two  families,  it  would  seem  preferable  to  employ  the  name  Salmon- 
idcB  in  this  wider  sense.  Existing  Salmonoids  are  characterised  by 
the  presence  of  an  adipose  dorsal  fin,  and  by  the  premaxilla  and 
maxilla  forming  the  borders  of  the  mouth,  and  both  bearing  teeth. 
There  are  no  scales  on  the  head,  and  no  barbels  to  the  mouth. 
Recent  Salmonoids  are  either  marine,  or  inhabitants  of  the  fresh- 
waters  of  the  Northern  Hemisphere.  Remains  of  the  existing 
marine  genus  Osmerus  (Smelt)  occur  in  the  Upper  Greensand  of 
Germany,  the  Lower  Eocene  of  Glarus,  in  Switzerland,  and  the 
Miocene  of  Licata,  in  Sicily ;  while  nodules  of  unknown  age  found 
in  Greenland  and  Canada  enclose  a  species  oiMallotus  indistinguish- 
able from  the  existing  M.  villosus  of  the  former  region.  As  forms 
connecting  the  Salmonoids  with  the  Clupeoids  we  may  notice  Aulo- 
lepis,  Acrognathus,  and  Osmeroides,  from  the  English  Chalk.  The 
first  has  a  rounded  body  and  a  depressed  head,  with  minute  teeth, 
and  the  pelvic  fins  abdominal.  In  the  second  the  orbits  are  of 
enormous  dimensions,  and  the  teeth  extremely  minute.  The  third 
genus  (fig.  932)  is  also  abundantly  represented  in  the  Chalk  of  the 
Lebanon,  and  appears  to  have  no  adipose  fin  ;  its  skeleton  in  many 


Fig.  i)yi.—Osmeroides  lewesiensis ;  from  the  Chalk  of  Sussex.  Reduced. 


respects  resembles  that  of  the  Clupeoids,  but  the  ribs  have  not  the 
peculiar  structure  of  that  group.  Sardintus,  from  the  Chalk  of  the 
Lebanon,  and  Sardinoides  from  the  same  locality,  and  also  from  the 
Chalk  of  Westphalia,  are  more  or  less  closely  allied  forms  ;  while 
Opisthopteryx,  of  the  Lebanon  Chalk,  may  also  be  provisionally 
placed  here. 

Family  Clupeid^. — The  existing  members  of  the  Clupeoid  or 
Herring  family  differ  from  the  Salmonoids  by  the  absence  of  the 
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adipose  fin,  and  the  presence  of  peculiar  dermal  ossifications  at  the 
ends  of  the  ribs,  which  form  bony  plates  on  the  sides  of  the  thorax. 
All  the  numerous  forms  are  marine,  and  usually  occur  near  the 
coasts.  The  type  genus  Clupea  (Herring)  occurs  in  the  Miocene  of 
Wiirtemberg,  the  Upper  Eocene  of  the  Isle  of  Wight,  the  Eocene 
of  Wyoming  and  Glarus,  and  the  Chalk  of  the  Lebanon.  The 


Fig.  933  — The  Common  Herring  {piupea  harengus).  Reduced. 


common  existing  Herring  is  shown  in  fig.  933.  The  Lebanon 
Chalk  has  also  yielded  a  species  of  the  living  genus  Engraulis ; 
and  the  extinct  genera  Scombroclupea,  Leptosonius^  Chirocentrites  (also 
in  Westphalia),  and  Spaniodon,  which  are  more  or  less  closely  allied 
to  existing  types.  In  the  Eocene  of  the  Continent  we  have  repre- 
sentatives of  the  existing  genera  Engraulis  (Anchovy)  and  Ckanos, 
and  the  extinct  Flatinx,  Ccelogaster,  and  Crossognathus — the  latter 
being  allied  to  the  existing  Megalops. 

In  this  place  we  may  conveniently  notice  a  number  of  extinct 
genera  more  or  less  allied  to  the  Clupeoids,  but  of  which  the  family 


Fig.  934.— Skeleton  of  Rhinellus  furcatus ;  from  the  Cretaceous  of  the  Lebanon.  Reduced 
(After  Pictet  and  Humbert.) 


position  is  in  some  instances  uncertain,  and  some  of  which  retain 
mdications  of  marked  affinities  to  the  higher  Ganoids.  One  of  the 
most  remarkable  of  these  is  Rhinellus  (fig.  934),  in  which  the  skull 
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is  produced  into  a  rostrum,  occasionally  equal  in  length  to  the 
entire  body ;  this  genus  occurs  in  the  Chalk  of  the  Lebanon,  and 
IS  considered  to  show  affinity  with  Opisthopteryx.  Another  group 
seems  to  be  related  to  the  existing  Clupeoid  genus  Elops,  but  also 
presents  characters  connecting  it  with  the  American  freshwater 
family  Characinida.  Among  these  we  may  notice  Rhacolepis,  from 
the  Cretaceous  of  Brazil ;  and  in  Europe  Elopides,  from  the  Lower 
Eocene  of  Glarus ;  Elopopsis,  from  the  Cretaceous  of  Bohemia  and 
Istria ;  Hemielopopsis,  in  which  the  borders  of  the  mouth  appear  to 
have  been  devoid  of  teeth,  from  that  of  Lesina,  on  the  Dalmatian 
coast;  and  Frotelopis,  of  the  Bohemian  Cretaceous,  characterised 
by  the  short  jaws  and  the  presence  of  crushing-teeth  on  the  palate. 
Thrissopaier,  again,  from  the  Folkestone  Gault,  differs  from  the 
modern  Elopine  type  by  its  compressed  body ;  while  Ilalec,  of  the 
European  Chalk,  is  still  very  imperfectly  known.    Alosa,  of  the 


Fig.  935. — Skeleton  ol  Diplomystus  brevissimus  ;  from  the  Chalk  of  the  Lebanon. 

Eocene  of  Algeria,  and  Diplomystus  (fig.  935),  originally  described 
from  the  Eocene  of  Wyoming,  but  subsequently  found  in  the  Creta- 
ceous of  Brazil  and  of  the  Lebanon,  are  allied  forms.  The  latter 
genus  has  a  series  of  dorsal  scutes,  which  are  very  characteristic. 
Hemitrichias,  from  the  Tertiary  of  Northern  Italy,  differs  from  all 
existing  Clupeoids  in  having  two  dorsal  fins. 

Family  ProtosphyR/Enid^. — With  this  family  we  come  to  the 
first  of  a  group  comprising  several  families  of  extinct  marine  Fishes 
characterised  by  their  large  spear-like  teeth,  and  hence  termed 
Saurodonts.  They  should  evidently  be  placed  near  the  Clupeoids, 
although  their  division  into  families  must  be  regarded  as  provisional. 
The  present  family  is  characterised  by  the  production  of  the  ethmoid 
in  advance  of  the  maxilla,  to  form  a  long  cylindrical  rostrum  ;  by 
the  loose  connection  of  the  premaxillse  with  the  maxillEE ;  and  pro- 
bably also  by  the  complexity  of  the  mandible.  The  teeth  were 
implanted  in  distinct  sockets.  The  type  genus  ProtosphyrcBna 
{Erisichthe)  occurs  in  the  Upper  Cretaceous  of  both  Europe  and 
North  America ;  and  the  large  spear-like  teeth  of  P.  ferox,  which 
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has  the  same  distribution  as  the  genus,  are  very  common  in  the 
coprolitic  beds  of  the  Cambridge  Greensand,  and  were  for  a  long 
time  referred  to  the  American  Saurocephalus  lanciformis,  which  was 
once  thought  to  be  a  Reptile.  These  teeth  are  compressed,  and 
without  marginal  serrations.  The  fins  were  provided  with  large 
ribbed  spines,  which  were  at  one  time  referred  to  the  Selachian 
genus  Ptychodus,  and  subsequently  were  made  the  type  of  another 
genus  under  the  name  of  Pelecopterus. 

Family  Dercetid^e  (HoPLOPLEURiDiE). — The  members  of  the 
second  family  of  Saurodonts  are  characterised  by  their  elongated 
shape,  their  powerful  dentition,  and  the  presence  of  several  series 
of  large  triangular  scutes  along  the  sides  of  the  body;  there  is 
but  one  dorsal  fin  in  those  forms  in  which  the  fins  are  known  ; 
the  teeth  are  not  implanted  in  sockets  ;  and  the  skull  is  frequently 
produced  into  a  rostrum.  This  family  probably  passes  impercep- 
tibly into  the  next. 

The  typical  genus  Dercetis  (in  which  Leptotrachelus  may  be  in- 
cluded) occurs  in  the  Chalk  of  England,  Bohemia,  and  the  Lebanon, 
and  also  in  the  Upper  Cretaceous  of  Westphalia ;  it  is  characterised 
by  the  length  of  the  upper  jaw  exceeding  that  of  the  lower,  and  by 
the  presence  of  five  rows  of  scutes,  of  which  the  middle  one  bears 
the  lateral  line.  The  allied  Aspidopleurus  is  confined  to  the  Lebanon 
beds.  Other  members  of  this  family  are  Blochius,  from  the  Middle 
Eocene  of  Monte  Bolca ;  Plinthophorus,  of  the  English  Chalk ; 
Pelagorhynchus,  from  the  Upper  Cretaceous  of  Westphalia;  and 
Saurorhartiphus,  from  that  of  Istria.  Plinthophorus  has  two  rows  of 
scutes,  but  is  otherwise  naked. 

Family  Enchodontid^. — The  genera  which  may  be  provision- 
ally grouped  under  this  name  are  distinguished  by  the  moderate 
lateral  compression  of  the  body,  which  may  be  either  naked  or 


F'g-  936-— Skeleton  of  Eurypholis  Boissicri  :  from  the  Chalk  of  the  Lebanon. 
Reduced.    (After  Pictet  and  Humbert.) 


covered  with  scutes,  and  by  the  elongated  premaxilte  and  maxillce, 
Which  carry  small  teeth  anchylosed  (like  those  of  the  mandible)  to 
the  bone.  A  considerable  portion  of  the  maxilla  is  excluded  from 
the  margin  of  the  jaw  by  the  premaxilla ;  teeth  occur  on  the  pala- 
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tines  and  ectopterygoids ;  and  the  dentary  bone  of  the  mandible 
has  one  series  of  large  teeth,  with  one  or  more  inner  rows  of  smaller 
ones.  The  type  genus  Enchodus,  with  which  Eurygnathus  of  the 
Lebanon  beds  is  identical,  occurs  in  the  Upper  Cretaceous  of 
Europe,  North  America,  Brazil,  and  perhaps  India.  Closely  allied 
to  this  genus  is  Eurypholis  (fig.  936),  of  the  Lebanon  Chalk,  which 
is  merely  distinguished  by  the  presence  of  a  few  dermal  scutes. 
Cimolichthys,  from  the  Upper  Cretaceous  of  Europe  and  the  United 
States,  and  Fot?wgtiathus  (^Phylactocephalus)^  from  the  Chalk  of 
Europe  and  the  Lebanon,  are  nearly  related  genera,  mainly  distin- 
guished by  their  dentition.  Here  also  may  be  placed  Ischyrocepha- 
lus,  of  the  Upper  Cretaceous  of  Westphalia,  which  may  perhaps 
have  had  two  dorsal  fins,  and  appears  to  connect  Enchodus  with  the 
Dercetidcz. 

Family  Pachyrhizodontid^. — Allied  to  the  preceding,  but  with 
the  body  more  compressed,  and  covered  with  either  scutes  or  scales, 
or  both  together,  is  a  group  of  Fishes  which  may  be  provisionally 
placed  in  a  distinct  family.  The  premaxillse  and  maxillse  are  large, 
and  carry  powerful  teeth,  which  may  form  one  or  more  rows,  and 
are  set  in  incomplete  sockets,  and  anchylosed  to  the  bone ;  while 
the  abdominal  vertebrae  are  characterised  by  their  longitudinal 
striation  and  the  absence  of  deep  pits.  The  type  genus  Pachyrhiz- 
odus  {Hypsodon  in  part)  ranges  in  Europe  from  the  Chalk  to  the 
London  Clay,  and  also  occurs  in  the  Cretaceous  of  North  America ; 
its  teeth  are  so  like  those  of  Reptiles  that  a  lower  jaw  was  described 
as  belonging  to  a  species  of  Mosasaurus.  Etnpo,  of  the  North 
American  Cretaceous,  may  be  certainly  placed  in  this  family;  in 
which  we  may  also  probably  include  Stratodus,  of  the  Upper  Cre- 
taceous of  both  Europe  and  North  America.  An  allied  type,  from 
the  Lower  Miocene  of  Belgium,  has  been  described  under  the  pre- 
occupied name  of  Amphodon. 

Family  Saurocephalid^  (Saurodontid^). — The  last  family  of 
the  Saurodonts  are  laterally  compressed  Fishes,  in  which  the  maxilte 
and  premaxilte  are  large,  and  carry  powerful  teeth,  which  are  usually 
implanted  in  distinct  sockets.  The  dentary  bone  of  the  mandible 
has  but  a  single  row  of  similar  teeth,  and  there  are  no  teeth  on  the 
palatines  and  ectopterygoids.  The  vertebrae,  with  the  exception  of 
those  of  the  cervical  region,  carry  two  deep  grooves  and  pits  on 
their  lateral  surfaces.  The  type  genus  Saurocephalus  is  represented 
in  the  Cretaceous  of  North  America,  and  also  by  a  single  species  in 
the  topmost  Cretaceous  of  Maastricht,  in  Holland ;  the  teeth  are 
subequal  and  closely  approximated.  Ichthyodectes  and  Portheus 
(fig  Q^7)  also  occur  in  the  Upper  Cretaceous  of  both  Europe  and 
North  America  ;  the  latter,  which  extends  down  to  the  Gault,  attain- 
ing large  dimensions,  and  being  characterised  by  the  great  crest  in 
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the  supraoccipital  region,  by  the  unequal  size  of  the  cyHndrical  or 
compressed  teeth,  and  the  presence  of  at  least  one  large  spine  in 
the  pectoral  and  pelvic  fins.  Ichthyodedes  apparently  differs  mainly 
by  its  equal-sized  teeth.  Another  genus  is  Daptinus,  of  the  North 
American  and  English  Cretaceous ;  the  English  species  apparently 
connecting  the  typical  American  one  with  Ichthyodedes.  Saurodon 
is  known  from  the  Upper  Greensand  of  New  Jersey ;  while  we  may 


F'g-  937-— The  anterior  portion  of  the  skeleton  of  Portheus  molossus;  from  the  Cretaceous 
of  North  America.    Greatly  reduced.    (After  Cope.) 

provisionally  place  in  this  family  the  imperfectly  known  Tomognathus, 
of  the  English  Chalk,  in  which  the  teeth  were  anchylosed  to  the 
jaws,  without  sockets,  and  had  subcylindrical  crowns  enamelled 
superiorly. 

As  a  probable  Saurodont,  of  which  the  family  position  cannot  be 
determined,  may  be  mentioned  Gigantichthys  {Titanichthys),  founded 
upon  teeth  of  very  large  size,  from  the  Cretaceous  of  Egypt. 

Family  Gonorhynchid^. — We  may  now  briefly  mention  five 
small  existing  families  related  to  the  Salmonoids  and  Clupeoids. 
The  first  of  these  is  now  represented  only  by  a  single  species  of 
Gonorhynchiis  found  on  the  coasts  of  South  Africa,  Australia,  and 
Japan.  Closely  allied,  however,  is  Notogoneus,  from  the  Eocene  of 
Wyommg,  which  is  mainly  distinguished  by  its  dentition. 

Family  Osteoglossid/e.— The  second  family  is  now  represented 
by  Osteoglossum  of  South  Africa,  Sumatra,  and  Queensland;  the 
huge  Arapaima  of  the  Brazilian  rivers  ;  and  Heterotis  of  several  of 
those  of  South  Africa ;  thus  presenting  a  striking  example  of  discon- 
tinuous distribution.  The  only  known  fossil  is  Dapedoglossus,  of 
the  Eocene  of  Wyoming ;  a  feature  in  distribution  analogous  to  the 
occurrence  of  the  genus  Notogoneus  of  the  preceding  family  in  the 
same  locality.  ^  j 

Family  Chirgcentridte.— The  genus  Chirocentnis,  of  the  Indian 
ucean,  the  sole  existing  member  of  this  family,  probably  occurs  in 
nie  j^^ocene  of  Sumatra.    Chiromystus,  from  the  Eocene  of  Brazil 
may  perhaps  be  referable  to  this  family,  although  it  is  not  certain 
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that  it  should  not  rather  be  placed  in  the  allied  American  family 
Hyodontida. 

Family  EsociDiE. — The  Esocidce  are  now  represented  by  the  Pikes 
{Esox)  of  the  rivers  of  the  Northern  Hemisphere.  They  are  charac- 
terised by  the  margins  of  the  upper  jaws  being  formed  by  the  pre- 
maxillge  and  maxillee ;  by  the  presence  of  small  conical  teeth  on  the 
palate  ;  and  the  absence  of  an  adipose  fin,  and  the  position  of  the 
dorsal  in  the  hinder  part  of  the  body.  Species  of  Esox  occur  in 
the  Upper  Miocene  of  CEningen  in  Switzerland,  and  the  Pleistocene 
of  Silesia ;  while  the  extinct  Sphenolepis,  of  the  Upper  Eocene  of 
Paris  and  the  Eocene  of  Aix  in  Provence,  characterised  by  its 
wedge-shaped  scales,  is  considered  to  be  allied.  Recent  writers  also 
place  in  this  family  the  marine  Istiaus  of  the  Chalk  of  Westphalia 
and  the  Lebanon,  in  which  there  is  a  long  dorsal  fin  occupying  the 
greater  part  of  the  back. 

Family  Scombresocid^. — The  members  of  this  family  mainly 
inhabit  tropical  and  temperate  seas,  and  are  best  known  by  the  Gar- 
pike  {Belone)  and  the  Flying-fish  {Exoccetus).  The  jaws  are  formed 
as  in  the  last  family ;  the  dorsal  fin  is  placed  above  the  anal  in  the 
caudal  region,  and  there  is  no  adipose  fin.  Belone  is  found  in  the 
Miocene  of  Licata,  in  Sicily  ;  while  Holosteus  of  the  Middle  Eocene 
of  Monte  Bolca  is  an  allied  genus.  The  living  genus  Exocoetus  is 
characterised  by  the  enormous  development  of  the  pectoral  fins,  and 
was  preceded  in  the  Chalk  of  the  Lebanon  by  the  nearly  related 
Exocxtoides. 

Family  Cyprinodontid^. — The  Cyprinodonts  are  mostly  small, 
carp-like  fishes,  inhabiting  the  fresh,  brackish,  or  salt  waters  of  a 
considerable  part  of  the  world;  and  readily  characterised  by  the  pre- 
sence of  scales  on  the  head,  and  the  absence  of  barbels.  Species 
of  the  type  genus  Cyprinodon  {Lebias)  occur  in  the  Middle  and 
Lower  Miocene  of  the  Continent,  while  the  CEningen  beds  have 
yielded  a  species  referred  to  the  South  American  genus  Poicilia.  A 
comparatively  large  Cyprinodont  has  been  described  from  the  Plio- 
cene of  India. 

Family  Cyprinid^e.  —  The  important  family  of  Carps  is  very 
numerously  represented  in  the  freshwaters  of  the  Old  World  and 
North  America.  There  are  no  scales  on  the  head ;  the  margin  of 
the  upper  jaw  is  formed  by  the  premaxilte ;  there  are  no  teeth  in 
the  jaws ;  there  is  no  adipose  fin  ;  the  lower  pharyngeal  bones  carry 
one  or  more  rows  of  teeth ;  and  the  mouth  frequently  has  barbels. 
The  body  is  more  or  less  compressed,  and  is  often  comparatively 
deep.  In  the  Miocene  of  the  Continent  we  have  representatives  of 
the  following  genera  now  living  in  Europe— viz.,  Cyprinus  (Carp), 
Gobio  (Gudgeon),  Leucisciis  (Roach  and  Dace),  Tinea  (Tench), 
Rhodeus,  which  is  mainly  Asiatic,  Aspius,  and  Cobitis.  Acanihopsis, 
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now  confined  to  India,  is  represented  in  the  Miocene  of  CEningen 
and  Puy-de-D6me;  the  Oriental  genera  Amblypharyngodon  and 
Thynichthys  occur  in  the  Eocene  of  Sumatra,  while  the  names 
Cychirus,  Hexapsephus,  and  Mylocyprinus  have  been  applied  to 
North  American  Tertiary  forms,  which  are  probably  more  or  less 
closely  related  to  those  now  inhabiting  the  same  region. 

Family  ScoPELiDiE.— The  Scopeloids  are  marine  fishes  allied  to 
the  Carps  (with  which  they  agree  in  the  structure  of  the  jaws),  in 
which  the  body  may  be  naked,  and  there  are  neither  barbels  nor 
swim-bladder.  They  are  represented  in  past  epochs  by  Hemisaurida, 
of  the  Cretaceous  of  Istria,  which  is  allied  to  the  living  Saurus,  and 
Parascopelus  and  Anapterus  from  the  Miocene  of  Sicily,  of  which 
the  latter  is  related  to  Paralepis  now  found  in  the  same  region. 

Family  Silurid^. — The  Siluroids  or  Cat-fishes  form  a  large 
family  of  freshwater  fishes  of  not  less  importance  than  the  Carps, 
inhabiting  all  temperate  and  tropical  regions,  and  in  some  cases 
entering  the  sea.  The  skin  is  either  naked  or  covered  with  bony 
scutes ;  there  are  always  barbels,  which  frequently  have  a  bony  axis ; 
the  margin  of  the  upper  jaw  is  formed  by  the  premaxillae ;  there 
is  no  subopercular ;  and  there  may  or  may  not  be  an  adipose  fin. 
The  skull  of  the  Siluroids  is  often  remarkable  for  the  great  develop- 
ment of  the  supraoccipital  (fig.  938),  and  the  presence  of  dermal 
ossifications  in  the  region  of  the  neck,  which  spread  over  the  nape, 
and  articulate  with  the  bones  of  the  secondary  pectoral  girdle.  The 
first  and  second  interspinous  bones  of  the  neck  frequently  also 
develop  a  large  bony  buckler,  behind  which  the  long  dorsal  spine 
articulates  by  means  of  a  ring  with  the  first  interspinal ;  and  this 
spine  can  be  fixed  in  an  upright  position  by  a  curious  mechanism 
connected  with  the  second  interspinal.  The  "  helmet "  of  the  nape 
may  be  continuous  with  the  "  buckler,"  and  these  bones,  together 
with  those  of  the  cranium  proper,  are  frequently  ornamented  with  a 
granular  sculpture.  The  pectoral  fins  frequently  carry  a  spine  as 
large  as  that  of  the  dorsal.  The  pharyngeal  teeth  are  generally 
knob-like. 

From  many  points  in  which  the  Siluroids  resemble  the  Placoder- 
matous  Ganoids,  Professor  Huxley  has  suggested  that  we  may  re- 
gard the  latter  as  nearly  related  to  the  ancestors  of  the  existing 
family.  Siluroids  are  not  definitely  known  before  the  Tertiary, 
although  it  has  been  suggested  that  Tekpholis,  from  the  Upper  Cre- 
taceous of  Westphalia,  may  belong  to  this  family.  In  Europe  the 
earliest  undoubted  member  of  the  family  is  known  by  an  imperfect 
skull  from  the  London  Clay,  M-hich  has  received  the  name  of  Buck- 
landium  ;  the  affinities  of  this  form  are  imperfectly  known,  but  the 
skull  seems  to  approximate  to  that  of  Auchenoglatiis  of  the  African 
nvers.    In  the  Middle  Eocene  of  Bracklesham,  and  the  Upper 
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Eocene  of  Barton,  we  have  Siluroids  referred  to  the  existing  tropical 
genus  Arius  ;  the  peculiar,  somewhat  heart-shaped,  otoliths  of  these 
fishes  being  not  uncommon  in  the  Barton  beds.  It  is  interesting 
to  notice  the  association  in  the  English  Eocene  of  Siluroids  with 
Crocodiles  and  Trionychoid  Chelonians ;  the  three  groups  being 
found  together  at  the  present  day  in  India  and  Africa.  The  Eocene 
of  Sumatra  has  yielded  remains  of  extinct  species  of  the  living 
Oriental  genera  Pseudotropius  and  Bagarius ;  the  last-named  genus 

in  the  Pliocene  Siwaliks  of  India  by  the 
gigantic  B.  Yarrelli,  now  inhabiting  the 
Ganges.  The  same  beds  have  also  yielded 
remains  of  Clarias,  now  found  in  both  the 
Oriental  and  Ethiopian  regions,  of  a  species 
belonging  to  the  genus  Heterobranchus  (fig. 
938),  which  is  now  confined  to  the  Nile, 
and  not  improbably  also  of  Chrysichthys  of 
tropical  Africa.  The  existing  Macrones 
aor  of  the  Indian  and  Burmese  rivers  has 
also  left  its  remains  in  the  Siwaliks ;  while 
the  characteristic  Oriental  genus  Rita  is 
likewise  represented  in  the  same  deposits. 
Finally,  of  the  widely-distributed  genus 
Arius,  which  we  have  already  mentioned 
from  the  English  Eocene,  there  is  evidence 
of  two  Siwalik  species ;  one  being  appa- 
rently nearly  allied  to  a  large  existing  West 
African  form.  In  the  Eocene  of  North 
America  there  occurs  the  genus  Rhineastes, 
which  has  vomerine  teeth,  and  may  be 
allied  either  to  Anus  or  to  Fimelodus, 
while  spines  from  the  same  deposits  have  been  referred  to  the 
latter  genus. 

Family  Mur/enid^. — The  last  family  that  we  have  to  notice  in 
this  suborder  is  that  of  the  Eels.  In  these  fishes  the  body  is  greatly 
elongated,  and  either  naked,  or  covered  with  rudimental  scales ;  the 
toothed  maxillce  form  part  of  the  border  of  the  upper  jaw,  and 
there  are  no  pelvic  fins.  Of  the  freshwater  forms,  Anguilla  (Eel) 
ranges  from  the  present  date  to  the  Chalk  of  the  Lebanon,  and  is 
abundantly  represented  in  the  Miocene  of  CEningen  and  the  Middle 
Eocene  of  Monte  Bolca.  The  Marine  forms,  or  Congers,  are  repre- 
sented by  species  of  the  existing  genus  Ophichthys  in  the  Monte 
Bolca  beds;  and  by  the  extinct  Sphagebranchus  of  the  latter  deposits, 
and  Rhynchorhinus  of  the  London  Clay.  Peculiar  larval  forms  of 
the  type  known  as  Leptocephali  occur  in  the  Continental  Tertiaries, 
some  of  which  are  probably  referable  to  this  family. 


being  also  represented 


Fig.  938. — Upper  view  of  the 
skull  of  Heterobranchus  inter- 
medius;  from  the  Nile.  One- 
half  natural  size,  a,  Supraocci- 
pital,  and  b.  Frontal  vacuities ; 
eth,  Ethmoid  ;  fr,  Frontal ;  or, 
Orbit ;  sup,  Supraoccipital ;  tu, 
Turbinal.  The  sculpture  is 
omitted. 
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Suborder  2.  Anacanthini. — In  this  and  the  four  following  sub- 
orders, together  forming  the  Physoclysti  of  some  writers,  the  swim- 
bladder  (when  present)  has  no  connection  with  the  pharynx,  and 
the  pelvic  fins  are  nearly  always  thoracic  or  jugular  in  position — in 
the  latter  case  being  in  advance  of  the  pectorals.  The  present  sub- 
order is  further  characterised  by  the  rays  of  the  dorsal  fin  being  soft 
and  jointed,  and  the  pelvic  fin  never  abdominal. 

Family  Gadid^. — In  the  Cod  family  the  body  (fig.  939)  is  sym- 
metrical, and  covered  with  small  scales  ;  there  may  be  three  dorsal 


Fig.  939. — The  Cod  {Gadtis  morrliua).  Reduced. 


fins,  and  the  pelvic  fins  are  jugular.  All  the  genera  are  marine, 
and  the  family  is  unknown  before  the  Eocene.  The  extinct  Nemo- 
pteryx  and  Palaogadus  have  been  described  from  the  Eocene  of 
Glarus ;  while  in  the  London  Clay  of  Sheppey  we  have  species 


Fig.  940.— Skeleton  oi Rhombus  minimus;  from  ihe  Middle  Eocene  of  Monle  13olc.i. 


allied  to  Gadus  (Cod),  Merluccius  (Hake),  and  Physis.  Other 
Gadoids  occur  in  the  Miocene  of  Sicily. 

Family  Pleuronectid^e.— The  Flat-fishes  are  characterised  by 
the  extreme  lateral  compression  of  the  body  (fig.  940),  of  which  the 
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fore  part  and  the  head  are  not  bilaterally  symmetrical.  They  swim 
with  one  side  upwards  and  the  other  downward,  the  head  being 
twisted  round  so  as  to  bring  the  two  eyes  upon  that  side  which 
becomes  the  upper  one,  and  which  alone  is  coloured.  There  is  no 
swim-bladder,  and  the  dorsal  and  anal  fins  occupy  almost  the  entire 
length  of  the  body.  Remains  of  a  species  of  Rhombus  or  Turbot 
(fig.  940)  are  found  in  the  Middle  Eocene  of  Monte  Bolca,  and 
those  of  a  Solea  (Sole)  in  the  Miocene  of  Wiirtemberg. 

Suborder  3.  Pharyngognathi.  —  In  this  small  suborder  a 
portion  of  the  rays  of  the  dorsal,  anal,  and  pelvic  fins  is  formed 
by  non-articulated  spines.  The  lower  pharyngeal  bones  are  united ; 
and  the  swim-bladder  has  no  duct. 

Family  PoMACENXRiDiE. — Of  this  large  family  the  only  European 
fossil  representative  is  Odonteus  from  the  Middle  Eocene  of  Monte 
Bolca,  which  is  allied  to  the  existing  Heliastes ;  but  Professor  Cope 
thinks  that  Priscacara  from  the  Eocene  of  North  America  may 
perhaps  be  referable  to  it,  although  vomerine  teeth  are  present.  All 
the  members  of  this  family  have  ctenoid  scales. 

Family  Labrid^e. — The  Wrasses  are  a  large  family  of  littoral 
fishes  most  abundant  in  tropical  and  temperate  regions,  and  char- 
acterised by  their  cycloid  scales,  the  single  dorsal  fin,  the  thoracic 
position  of  the  pelvic  fins,  and  the  absence  of  teeth  on  the  palate. 
Many  of  them  have  the  lips  greatly  thickened ;  and  the  pharyngeal 
bones  bear  molariform  teeth.  The  existing  genus  Labrus  is  recorded 
from  the  Middle  Eocene  of  Monte  Bolca  and  the  Miocene  of 
Switzerland  ;  while  Saurinichthys  of  the  Miocene  of  France  appears 

allied  to  the  living  Odadna.  Protautaga 
of  the  Eocene  of  North  America  is  the 
ancestral  form  of  the  Black-fish  (Tautaga) 
of  the  same  country. 

Family  PHARYNGODOPiLiDyE. — A  number 
of  extinct  fishes  more  or  less  nearly  allied 
to  the  Wrasses,  but  differing  in  several  points 
very  markedly  from  that  family  are  regarded 
as  forming  a  group  by  themselves.  The 
type  genus  Pharyngodopilus  {Nuinmopala- 
tus)  occurs  in  the  French  Miocene,  and  in 
_  the  Tertiary  of  the  Canaries ;  closely  allied 

Fig.  94i.-Pharyngeai  teeth  to  which  is  PhylMus  from  the  Crctaceous 
oi^Piiyiiodus  from  the  London       Germany  and  the  London  Clay  of  Shep- 

pey,  derived  teeth  being  also  found  in  the 
Suffolk  Crag.  The  pharyngeal  teeth  of  Phyllodus  (fig.  941)  are 
remarkable  for  their  thin  and  leaf-like  structure,  and  also  for  the 
rapid  manner  in  which  they  are  succeeded  from  below  by  fresh 
ones.    The  imperfectly  known  Egertotiia  from  the  Lower  Eocene 
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of  Sheppey,  and  Platylcemus  from  the  Middle  Eocene  of  Brack- 
lesham,  may  be  provisionally  included  in  this  family. 

Family  Chromid/E. — The  Chromids  are  a  family  of  small  fresh- 
water Fishes  from  Palestine,  tropical  Africa,  and  America ;  and  also 
represented  by  one  genus  in  India.  The  scales  are  usually  ctenoid, 
the  lateral,  line  is  interrupted,  and  the  teeth  of  the  jaws  are  very 
small.  To  this  family  is  referred  the  large  genus  Pycnosterinx 
from  the  Cretaceous  of  the  Lebanon ;  and  with  less  certainty 
Jmogaster  of  the  same  deposits. 

Suborder  4.  Acanthopterygii. — The  Acanthopterygii  form  a 
very  large  series  characterised  by  part  of  the  rays  of  the  dorsal,  anal, 
and  pelvic  fins  being  non-articulated  and  forming  strong  spines.  The 
lower  pharyngeal  bones  are  usually  separate ;  and  there  is  no  duct 
to  the  swim-bladder.    The  scales  are  very  generally  ctenoid. 

Family  OPHiocEPHALiD^ffi. — The  OphiocephalidcB  are  freshwater 
fishes,  almost  confined  to  the  Oriental  region,  in  which  the  long 
head  and  body  are  entirely  covered  with  scales,  and  the  dorsal  and 
anal  fins  are  long  and  devoid  of  spines.  These  fishes  are  in  the 
habit  of  burying  themselves  in  the  mud  during  droughts.  The  type 
genus  Ophiocephalus  is  represented  in  the  Pliocene  of  India  by 
species  closely  allied  to,  if  not  identical  with  some  of  those  now 
inhabiting  the  same  area. 

Families  Fistulariid^  and  Centriscid^e. — The  first  of  these 
families  comprises  the  marine  "  Flute-mouths,"  characterised  by  the 
long  body  and  the  production  of  the  anterior  bones  of  the  skull 
into  a  long  tube,  terminating  in  the  mouth,  and  by  the  absence  or 
small  size  of  the  scales.  The  existing  genera  Fistularia  and  Aulo- 
stoma,  now  found  on  the  borders  of  the  tropical  Atlantic  and  Indian 
Oceans,  are  represented  in  the  Eocene  of  Monte  Bolca  and  Glarus ; 
while  Aultscops,  now  confined  to  the  Pacific  coast  of  North  America, 
is  found  in  the  Eocene  of  Sumatra.  Extinct  genera  from  Monte 
Bolca  are  Urosphen  and  Rhainphosus — the  former  characterised  by 
the  wedge-like  caudal  fin,  and  the  latter  by  a  large  spiny  ray  on  the 
neck.  A  Fistularian,  from  the  Lebanon  Cretaceous,  has  been  named 
Solenognathus,  but  the  name  is  preoccupied.  The  Cetitriscidce,  which 
agree  with  the  Fistulariida  in  the  structure  of  the  mouth,  but  differ 
in  the  form  of  the  body,  are  known  in  a  fossil  state  by  a  species  of 
the  living  genus  Amphisile,  from  Monte  Bolca. 

Family  Mugilid^. — This  and  the  two  next  families  include 
fishes  characterised  by  the  presence  of  two  distinct  dorsal  fins,  of 
which  the  first  is  either  low,  or  has  weak  spines ;  and  by  the  ab- 
dominal position  of  the  pelvic  fins,  which  have  five  rays  and  one 
spine.  The  Grey  Mullets  inhabit  the  coasts  of  tropical  and  tem- 
perate seas,  and  have  cycloid  scales  with  no  lateral  line.  The  recent 
genus  Mugil  occurs  in  the  Upper  Eocene  of  Aix;  and  Calamo- 
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Of  the  European  Chalk,  with  which  the  North  American 
genus  Syllcemus  is  probably  identical,  may  be  placed  in  this 
family. 

Family  Atherinid/e.— These  fishes,  which  differ  from  the 
Mullets  by  the  presence  of  an  indistinct  lateral  line  and  the  great 
number  of  the  vertebrae,  are  represented  in  the  Middle  Eocene  of 
Monte  Bolca  by  two  minute  species  of  the  existing  genus  Aiherina, 
and  also  by  the  extinct  Mesogaster. 

Family  Sphyr/enid^.— The  Barracudas,  in  which  the  lateral 
line  IS  continuous  and  the  vertebras  are  not  numerous,  are  known 
at  the  present  day  only  by  Sphyrczna,  of  which  some  species  attain 
a  length  of  eight  feet.  That  genus  occurs  in  the  Middle  Eocene  of 
Monte  Bolca,  and  has  also  been  recorded  from  the  Upper  Creta- 
ceous of  the  Lebanon  ;  but  it  is  probable  that  the  latter  form  belongs 
to  one  of  the  Saurodont  Physostomi.  Cladocydus,  from  the  Upper 
Cretaceous  of  England  and  Brazil,  is  an  extinct  genus. 

Family  Blenniid^e. — The  Blennies  form  one  of  four  families  of 
but  little  palasontological  importance,  in  which  there  is  a  long  dorsal 
fin,  which  may  be  entirely  spinous ;  and  the  ventrals,  if  present,  are 
either  thoracic  or  jugular.  It  is  probable  that  Pterygocephalus,  from 
the  Middle  Eocene  of  Monte  Bolca,  should  be  referred  to  this 
family. 

Family  Gobiid^. — The  Gobies  belong  to  another  group  of  the 
suborder  comprising  two  families,  into  the  characters  of  which  it 
will  not  be  necessary  to  enter.  They  are  represented  in  a  fossil 
state  by  the  existing  genus  Gobius,  from  the  Monte  Bolca  Eocene, 
and  the  extinct  Chirothrix,  from  the  Upper  Cretaceous  of  the 
Lebanon. 

Family  Dactylopterid^  {Cataphradi). — This  and  the  next  six 
families  form  a  group  of  considerably  more  interest  to  the  palaeon- 
tologist than  the  preceding.  They  are  collectively  known  as  the 
Cottoscombriform  section,  and  are  characterised  by  the  presence  of 
spines  in  at  least  one  of  the  fins ;  by  the  dorsal  fins  being  either 
continuous  or  close  together ;  by  the  spinous  dorsal,  when  present, 
being  short ;  and  when  the  latter  is  absent  by  the  length  of  the  soft 
dorsal.  The  pelvic  fins  are  always  jugal  or  thoracic.  In  the  present 
family  the  body  is  cylindrical  and  elongate,  with  a  coat  of  bony 
scutes ;  the  dentition  is  weak ;  and  the  pelvic  fins  are  thoracic. 
Peialopieryx,  from  the  Middle  Eocene  of  Monte  Bolca,  is  considered 
to  be  related  to  the  existing  Dadylopteriis,  in  which  the  pectorals 
are  lengthened  to  an  enormous  extent. 

'  Family  Cottid/e. — This  family  is  best  known  by  the  freshwater 
Bull-heads  {Codus)  and  the  marine  Gurnards  (Trig/a).  The  body 
is  more  or  less  oblong ;  the  dentition  weak ;  the  dorsal  fin  is  usually 
divided,  with  the  soft  portion  the  larger;  and  the  pelvic  fins  are 
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thoracic,  and  generally  have  five  soft  rays.  Coitus  itself  occurs  in 
the  Upper  Miocene  of  GEningen ;  while  the  Upper  Eocene  of  Aix 
yields  the  extinct  Lepidocottus,  distinguished  by  its  ctenoid  scales. 
Trigla  occurs  in  the  European  Tertiaries. 

Family  Trachinid^e. — This  family  comprises  a  number  of  genera 
of  small  marine  Fishes  distributed  over  the  greater  part  of  the  world, 
in  which  the  body  is  long  and  slender,  and  may  or  may  not  have 
scales.  The  dorsal  fin  may  be  either  single  or  divided,  but  its  soft 
portion  is  always  much  longer  than  the  spinous.  To  this  family 
may  probably  be  referred  the  naked  Callipteryx,  from  the  Middle 
Eocene  of  Monte  Bolca ;  while  Trachinopsis,  of  the  Upper  Tertiary 
of  Spain,  is  considered  to  be  allied  to  the  existing  Trachinus — a 
third  extinct  genus  being  Fseudoeligifius,  of  the  Sicilian  Miocene. 

Family  Scombrid^. — The  Scombridtz,  typically  represented  by 
the  Mackerels  {Scomber),  but  also  comprising  other  pelagic  Fishes, 
are  characterised  by  the  oblong  and  scarcely  compressed  body,  the 
well-developed  dentition,  the  two  dorsal  fins,  the  general  presence  of 
finlets  in  the  posterior  part  of  the  body,  and  the  thoracic  position  of 
the  pelvic  fins,  which  have  one  spine  and  five  rays.  In  the  Miocene 
and  Eocene  of  Europe,  we  meet  with  species  of  the  existing  genera 
Scotuber  (Mackerel),  Thynnus  (Tunny),  and  Cybmm,  one  Lower 
Miocene  species  of  the  latter  having  been  described  under  the 
name  of  Scomberodon.  Curiously  enough,  the  specialised  genus 
Echeneis  (Sucking-fishes)  is  found  in  the  Lower  Eocene  of  Glarus. 
Didyodus  {Sphyrcenodus)  is  an  extinct  genus  from  the  Lower  Eocene 
of  England  and  the  Lower  Miocene  of  Belgium,  characterised  by 
the  strong  development  of  its  dentition,  and  its  single  row  of  conical 
palatine  teeth.  Other  extinct  genera  are  Palintphyes  and  Isurus, 
of  the  Lower  Eocene  of  Glarus,  and  Orcynus,  from  the  Middle 
Eocene  of  Monte  Bolca.  The  existing  Pelamys  has  been  recorded 
from  the  Lower  Miocene  of  Belgium. 

Family  Coryph.enid^. — Another  pelagic  family  allied  to  the 
preceding  is  represented  by  the  well-known  Coryph^nas,  popularly 
known  by  the  misnomer  of  Dolphins.  The  body  is  compressed ; 
the  teeth,  if  present,  are  small  and  conical ;  and  there  is  a  long  un- 
divided dorsal  fin,  without  a  distinct  spinous  portion.  The  existing 
genus  Mene  {Gastrocnemus)  is  found  in  the  Middle  Eocene  of  Monte 
Bolca ;  while  the  family  is  also  represented  by  the  extinct  Goniogna- 
thus,  of  the  London  Clay. 

Family  Cyttid^. — The  Dories  have  the  body  very  deep  and 
much  compressed,  with  the  dorsal  fin  divided,  and  its  spinous  por- 
tion taller  than  the  soft  part,  and  the  pelvic  fins  thoracic.  They 
are  represented  by  a  species  of  the  existing  genus  Zeus,  in  the  Mio- 
cene of  Sicily,  and  also  by  the  extinct  Cyttoides,  of  the  Lower  Eocene 
of  Glarus. 
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Family  Carangid^. — Of  great  interest  to  the  palaeontologist  are 
the  so-called  Horse-Mackerels,  on  account  of  the  beautiful  preserva- 
tion of  some  of  the  fossil  forms  in  the  Middle  Eocene  of  Monte 
Bolca.  The  body  is  more  or  less  compressed,  and  may  be  oblong 
or  deep,  and  either  with  or  without  scales.    The  dorsal  fin,  which 


Fig.  942. — Seiniophorus  velicans ;  from  the  Middle  Eocene  of  Monte  Bolca.    A,  Anal ; 
c,  Caudal ;  D,  Dorsal ;  p,  Pectoral ;  v,  Pelvic  fins. 

may  be  single  or  divided,  has  the  spinous  smaller  than  the  soft 
part ;  and  the  pelvic  fins,  if  present,  are  thoracic.  One  of  the  most 
remarkable  extinct  genera  is  Semiop/iorus  (fig.  942),  in  which  the 
dorsal  fin  is  of  enormous  height,  while  the  pelvic  fins  are  also 
greatly  produced.  This  genus  is  known  only  from  the  Monte 
Bolca  Eocene.     Other  extinct  Tertiary  genera  are  Pseudovomer, 
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from  the  Miocene  of  Sicily ;  Amphisthim  and  Dudor,  from  Monte 
Bolca  ;  Archcetcs  and  Flionemus,  from  the  Lower  Eocene  of  Glarus  ; 
and  Apichtkys  and  Vomer,  from  the  Chalk  of  Istria.  Among  exist- 
ing genera,  Flatax  (fig.  943),  popularly  known  as  Sea-Bats,  from 
the  great  height  of  the  fins,  occurs  in  the  Red  Crag,  in  the  Monte 


fig  gi-}.—Platax  altissimus ;  from  the  Middle  Eocene  of  Monte  Bolca.  Reduced. 


Bolca  Middle  Eocene,  and  in  the  Chalk  of  the  Lebanon  and 
England.  The  dorsal  fin  is  single,  and  the  spinous  portion  is 
nearly  entirely  concealed,  consisting  only  of  from  three  to  seven 
low  spines ;  the  jaws  are  remarkable  for  their  excessive  shortness. 
Other  living  genera  found  in  the  Monte  Bolca  beds  are  Zanclus, 
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Caranx  {Carangopsis),  Argyriosus  ( Vomer),  Lichia,  and  Trachynolus  ■ 
and  Eqtiula,  from  the  Miocene  of  Sicily. 

Family  Acronurid^.— The  last  family  of  the  Cottoscombri- 
form  section  comprises  tropical  marine  Fishes,  popularly  known  as 
Surgeons,  which  are  readily  recognised  by  the  sharp  spine  border- 
ing each  side  of  the  tail.  The  body  is  compressed,  and  oblong  or 
ovate,  with  small  scales ;  the  front  of  the  jaws  has  chisel-like  or 
pointed  teeth;  and  the  dorsal  fin  is  undivided,  with  the  spinous 
portion  less  than  the  soft.  This  family  is  represented  in  a  fossil 
state  by  species  of  the  existing  genera  Naseus  and  Acanthurus  from 
the  Middle  Eocene  of  Monte  Bolca. 

Family  Trichiurid^.  —  The  next  section  of  the  suborder  is 
represented  by  the  existing  Scabbard-fishes  and  the  extinct  Falceo- 
rhynchidce.  These  Fishes  are  characterised  by  their  elongated,  com- 
pressed, or  band-like  bodies,  furnished  with  long  dorsal  and  anal 
fins,  of  which  the  former  may  be  divided  into  a  number  of  finlets, 
somewhat  after  the  manner  of  the  Ganoid  genus  Polypterus.  All 
these  fishes  are  marine,  and  are  found  in  tropical  and  subtropical 
seas.  Species  of  the  existing  genus  Lepidopus  (Scabbard-fish)  occur 
in  the  Miocene  of  Sicily,  while  Hemithyrsites  and  Trichiuricktkys, 
of  the  same  deposits,  are  forms  allied  to  the  living  Thyrsites  and 
Trichiurus,  but  differing  by  having  the  body  scaled.  Xiphopteryx 
is  another  extinct  genus  from  the  European  Eocene ;  while  Afien- 
chylum,  of  the  Lower  Eocene  of  Glarus,  resembles  Lepidopus  except 
for  the  presence  of  some  long  rays  in  the  pelvic  fins,  and  the  two 
are  probably  identical. 

Family  PALiEORHYNCHiD^. — The  members  of  this  family  differ 
from  the  last  by  the  production  of  the  jaws  into  a  long  rostrum, 
which  is  either  edentulous  or  provided  with  very  small  teeth.  The 
dorsal  fin  occupies  the  whole  length  of  the  body,  and  the  anal  is 
also  elongated  and  reaches  nearly  to  the  forked  caudal.  This 
family  is  known  only  by  Hemirhynchus  from  the  Eocene  of  the  Paris 
basin,  and  Palceorhyiichus  from  the  Lower  Eocene  of  Glarus. 

Family  XiPHiiDi^;. — The  Sword-fishes,  which  are  of  pelagic  habits, 
and  generally  attain  very  large  dimensions,  are  characterised  by  the 
production  of  the  upper  jaw  into  a  long  spear-like  rostrum.  They 
are  represented  at  the  present  day  by  Xiphias  (fig.  944),  in  which 
pelvic  fins  are  wanting ;  and  Histiophorus,  in  which  these  organs  are 
long  and  filiform,  and  the  dorsal  fin  may  be  of  great  length  and 
height.  Fossil  Sword-fishes  from  the  London  Clay  have  been 
referred  to  Histiophorus  {Tetrapturus),  although  it  is  not  certain 
that  they  may  not  prove  generically  distinct.  The  genus  Calorhyn- 
chus,  which  was  formerly  referred  to  this  family,  is  noticed  among 
the  Chimeroidei. 

Family  Berycid^e. — The  Berycida  are  characterised  by  the  pres- 
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ence  of  mucous-bearing  cavities  in  the  head,  and  by  the  pelvic  fins 
having  (except  in  Monocentris)  a  single  spine,  and  more  than  five 
rays.  This  family  is  one  of  the  oldest  of  the  suborder,  being  abun- 
dantly represented  in  the  Chalk.  The  fossil  genera,  which  may  be 
noticed  in  alphabetical  order,  are  as  follows — viz.,  Acrogaster,  from 
the  Upper  Cretaceous  of  Westphalia ;  Berycopsis,  from  the  Creta- 


Fig.  944. — Xiphias.    Greatly  reduced. 


ceous  of  England;  Beryx,  in  which  there  is  one  dorsal  fin  with 
several  spines,  is  represented  by  a  single  species  in  the  European 
Chalk,  and  by  two  species  in  the  Chalk  of  the  Lebanon,  while  it  is 
also  living  at  the  present  day;  Holocentrum,  from  the  Middle 
Eocene  of  Monte  Bolca,  the  Miocene  of  Malta,  and  tropical  seas 
of  the  present  day ;  Homonotiis,  from  the  Cretaceous  of  both  Eng- 
land and  the  Lebanon  ;  Hoplopteryx  (fig.  945),  in  which  the  spinous 
portion  of  the  dorsal  fin  is  greatly  developed,  and  there  are  also  four 


f 'g-         Hoplopteryx  lewesiensis ;  from  the  Upper  Chalk  of  Sussex.  Reduced. 

(After  Mantell.) 


large  spines  in  advance  of  the  anal,  is  known  from  the  Upper  Cre- 
taceous of  both  Europe  and  the  Lebanon ;  Myripristis,  from  the 
Middle  Eocene  of  Monte  Bolca,  and  now  found  in  tropical  seas ; 
Pristigenys,  from  Monte  Bolca ;  Pseudoberyx,  from  the  Chalk  of  the 
Lebanon,  characterised  by  the  almost  abdominal  position  of  the 
pelvic  fins ;  Sphenocephalus,  from  the  Upper  Cretaceous  of  West- 
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phalia;  and  Stenostottia,  from  the  English  Chalk,  of  which  the 
affinity  is  somewhat  doubtful. 

Perciform  Section. — The  remaining  families  of  this  suborder 
are  characterised  by  their  more  or  less  compressed  body ;  by  the 
dorsal  fin,  or  fins,  occupying  the  greater  portion  of  the  back ;  by  the 
strong  development  of  the  spinous  part  of  the  dorsal  fin,  which  is 
at  least  as  long  as  the  soft  portion ;  and  by  the  soft  anal  correspond- 
ing to  the  soft  dorsal.    The  pelvic  fins  are  thoracic. 

Family  Scorp^nid^e. — This  family,  which  is  aUied  to  the  fol- 
lowing, but  has  villiform  teeth,  is  known  in  a  fossil  state  only  by  a 
species  of  the  type  genus  Scorpcena,  from  the  Eocene  of  Algeria. 

Family  Sparid^e.  —  The  Sea-Breams  resemble  the  Percoids, 
which  we  shall  notice  immediately,  in  general  appearance,  but  the 
mouth  is  either  provided  in  front  with  chisel-like  teeth,  or  on  the 
sides  with  molariform  ones.  All  of  them  inhabit  tropical  and  tem- 
perate seas.  Among  existing  genera  the  sphseroidal  palatal  teeth  of 
Chrysophrys  occur  in  the  Red  Crag  of  Suffolk,  the  Miocene  of 
Malta,  and  in  beds  in  the  Canaries,  which  are  probably  referable  to 
the  same  epoch  ;  while  Sargus  is  recorded  from  the  Miocene  of 
France  and  Wiirtemberg,  the  Upper  Eocene  of  Algeria,  and  the 
older  Tertiary  of  New  Zealand  ;  and  Fagellus  occurs  in  the  Chalk  of 
the  Lebanon.  It  appears,  moreover,  that  many  of  the  crushing 
palatal  teeth  of  Chrysophrys  have  been  described  as  Sphcerodus,  while 
the  anterior  cutting-teeth  of  the  same  genus,  together  with  pharyn- 
geal teeth  of  some  of  the  Carps,  have  been  described  as  Capitodus. 


Fig.  946.— Skeleton  ol  Spariwdus  micracanthus ;  from  the  Middle  Eocene  of 
Monte  Bolca.  Reduced 


Cutting-teeth  of  this  type,  described  under  the  latter  name,  occur  in 
the  Miocene  of  Austria  and  Silesia,  the  Pliocene  of  Italy,  and  the 
Eocene  of  Northern  India.  Spartiodus  (fig.  946)  is  an  extinct  genus 
from  the  Middle  Eocene  of  Monte  Bolca,  while  the  name  Stephan- 
odus  has  been  applied  to  a  genus  from  the  Upper  Chalk  of  the 
Sahara,  characterised  by  the  breadth  and  denticulated  edges  of  the 
cutting-teeth.   It  may  also  be  observed  that  teeth  from  the  European 
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Tertiaries  have  been  described  under  the  names  of  Sargodon,  Sorici- 
dens,  and  Asima. 

Family  Ch^todontid^.  —  The  Coral-fishes,  or  Chaetodonts, 
differ  from  the  Percoids  in  the  greater  vertical  depth  of  the  body, 
by  the  continuation  of  the  scales  over  the  median  fins,  and  also  by 
the  lateral  line  stopping  short  of  the  caudal  fin.  Their  teeth  are 
bristle-like.  These  marine  tropical  fishes  (which  are  generally  de- 
scribed under  the  name  of  Squmiiipennes)  are  remarkable  for  the 
extreme  gorgeousness  of  their  colouring,  and  are  of  comparatively 
small  size.  They  are  represented  in  the  Middle  Eocene  of  Monte 
Bolca  by  the  existing  genera  IIolaca?ithus,  Pomacanthus,  Ephippus^ 
Scatophagus,  and  Toxotes ;  the  latter  being  now  confined  to  the 
Oriental  and  Australian  regions.  The  earliest  Chfetodont  is  Flaty- 
cormus,  of  the  Upper  Cretaceous  of  Westphalia. 

Family  Percid^. — With  this  and  the  next  family  of  highly 
specialised  Fishes  we  come  to  the  end  of  the  existing  representa- 
tives of  the  present  suborder.  These  Fishes  are  characterised  by 
the  continuous  lateral  Hne  (fig.  947),  the  general  absence  of  scales 
from  the  median  fins,  the  conical  teeth,  and  the  absence  of  barbels. 
They  are  all  carnivorous,  and  inhabit  the  freshwaters  and  coasts  of 


Fig.  947. — The  Common  Perch  {Perca fluviatilis).  Reduced. 


all  tropical  and  temperate  regions.  The  existing  genus  Perca  (Perch) 
occurs  in  the  Upper  Miocene  of  CEningen ;  while  in  the  Upper 
Eocene  of  Aix  we  have  the  allied  but  extinct  Paraperca.  In  the 
Middle  Eocene  of  Monte  Bolca,  we  find  species  referable  to  the 
existing  genera  Labrax  (Bass) ;  Lates,  now  inhabiting  the  Nile  and 
Ganges  ;  Dules,  of  the  Indo-Pacific  ;  Serranus  (Sea-Perch) ;  Apogon, 
of  the  Mediterranean  and  Atlantic ;  and  also  Therapon,  of  the  Indo- 
Pacific.  The  extinct  Cyclopoma  and  Smerdis  (fig.  948)  likewise 
occur  in  the  same  deposits ;  the  latter  being  also  found  at  Aix 
and  in  the  Miocene  of  Wiirtemberg.  Aca?ius  and  Podocys,  from 
the  Lower  Eocene  of  Glarus,  are  members  of  this  family,  which 
were  formerly  referred  to  the  BerycidcB.  In  the  Eocene  of  North 
America  we  have  Mioplosus,  presenting  characters  common  to 
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Perca  and  Labrax ;  and  also  Fliqparchus,  which  does  not  appear 
alHed  to  any  existing  genus. 

Family  PRisxiPOMAXiDiE. — This  family  includes  the  existing 
Pristipoma,  which  Dr  Giinther  refers  to  the  Percidce.  It  occurs 
fossil  in  the  Eocene  of  Monte  Bolca;  and  Dr  von  Zittel  would 
place  Sciceniirus,  of  the  London  Clay,  in  the  same  family. 

Families  Aphrodedirid^  and  Asineopid^. — These  two  families 
are  proposed  by  Professor  Cope  for  the  reception  of  certain  North 
American  Eocene  Fishes  more  or  less  closely  allied  to  the  Percoids. 

The  first  family  includes 
the  genus  Aphrodedirus, 
Erismatopterus,  and 
Atnphiplaga,  and  the 
second  Asineops.  Pro- 
fessor Cope  suggests 
that  Pyg(Bus,  from  the 
Middle  Eocene  of 
Monte  Bolca,  should 
perhaps  be  included  in 

Fig.  948. — Skeleton  of  Smerdis  ininuta;  from  the  Upper       ^   G.  AsineOptdcB. 

Eocene  of  Aix,  Provence.  SUBORDER  5.  LOPHO- 

BRANCHII.  —  In  this 

small,  and  to  the  palaeontologist  unimportant,  suborder  the  gills 

are  reduced  to  small  round  lobes ;  the  gill-cover  has  only  one  large 

plate ;  and  there  is  a  dermal  bony  skeleton  taking  the  place  of  the 

soft  integuments.    The  swim-bladder  has  no  duct. 

Family  SoLENOSXOMAXiDiE. — The  skull  is  produced  into  a  long 
rostrum,  terminated  by  the  toothless  mouth.  The  gill-openings  are 
wide ;  there  are  two  dorsal  fins  ;  and  all  the  others  are  well  developed. 
The  only  existing  genus  is  Solenostoma,  allied  to  which  is  Soleno- 
rhynchus,  of  the  Italian  Eocene. 

Family  Syngnaxhid^. — The  Sea-horses  and  Pipe-fishes  differ 
from  the  preceding  family  by  the  small  gill-opening,  the  single 
dorsal  fin,  and  the  absence  of  the  pelvic  fins.  The  first  section, 
in  which  the  tail  is  not  prehensile,  includes  the  Pipe-fishes,  and  is 
represented  in  the  Miocene  of  Italy  and  the  Middle  Eocene  of 
Monte  Bolca  by  the  existing  genera  Syngnathus  and  Siphonostoma, 
and  also  by  the  extinct  Calamostoma,  which  is  allied  to  Hippo- 
campus, but  has  a  caudal  fin.  The  Sea-horses  do  not  appear  to  be 
represented  in  a  fossil  state. 

Suborder  6.  Plecxognaxhi. — The  last  suborder  is  likewise  of 
small  extent,  and  is  characterised  as  follows.  The  skin  may  be 
naked,  or  covered  with  rough  scales,  scutes,  or  spines,  and  the 
skeleton  is  imperfectly  ossified.  There  is  a  small  opening  leading 
to  the  pectinate  gills  in  advance  of  the  pectoral  fin ;  the  bones  of 


ORDER  TELEOSTEI. 


the  upper  jaw  are  generally  welded  together ;  there  is  a  soft  dorsal 
fin  ;  but  the  pelvic  fins  are  either  in  the  form  of  spines  or  absent. 
There  is  no  duct  to  the  swim-bladder. 

Family  Balistid^. — The  File-fishes  and  Coffer-fishes,  which  are 
frequently  known  as  Sclerodermic  have  the  jaws  somewhat  produced, 
and  armed  with  a  small  number  of  teeth  ;  the  skin  being  covered 
either  with  rough  scales  or  scutes,  and  traces  of  pelvic  and  spinous 
dorsal  fins  always  remaining.  Balistes  (File-fish)  is  characterised 
by  its  chisel-like  teeth,  admirably  suited  for  browsing  on  the  corals 
on  which  these  fishes  subsist.  Frotobalistum,  of  the  Middle  Eocene 
of  Monte  Bolca,  is  supposed  to  be  an  ancestral  type  of  Balistes  ; 
while  Protacanthodes,  of  the  same  deposits,  is  an  allied,  but  distinct 
form.  The  Lower  Eocene  of  Glarus  has  yielded  the  extinct  Acan- 
thoderma  and  Acanthopleurus,  which  are  likewise  regarded  as  allied 
types ;  while  Glyptocephalus,  of  the  London  Clay,  differs  from 
Balistes  by  the  regular  rows  of  tubercles  with  which  the  body  is 
covered.  Ostracion  (Coffer-fish),  in  which  the  body  is  invested  by 
a  carapace  of  hexagonal  scutes  articulating  by  their  edges,  is  now 
abundant  in  subtropical  and  tropical  seas,  and  appears  for  the  first 
time  in  the  Middle  Eocene  of  Monte  Bolca. 

Family  Diodontid^. — In  the  Globe-  and  Sun-fishes  (the  Gymnod- 
ontes  of  many  writers)  the  body  is  more  or  less  shortened ;  the 
bones  of  the  jaws  are  united  into  a  trenchant  beak,  with  or  without 
a  median  suture ;  and  there  are  no  spinous  dorsal,  or  pelvic  fins. 
The  dentition  is  in  the  form  of  laminated  dental  plates.  Among 
the  Globe-fishes,  in  Tetrodon,  of  which  no  fossil  forms  have  been  de- 
scribed, the  dental  plates  are  trenchant,  and  confined  to  the  margins 
of  the  jaws.    In  Diodo7i,  however,  in  addition 
to  these  alveolar  plates,  there  is  a  median  crush- 
ing-plate (fig.  949),  traversed  by  a  suture,  de- 
veloped on  the  palate  of  each  jaw.    The  ob- 
liquity of  the  component  lamina  of  these  plates 
causing  an  admirable  triturating  surface.  Fossil 
palatal  plates  of  this  genus  are  found  in  the 
Miocene  of  Malta  and  Sicily,  in  the  Middle 
Eocene   of  Monte   Bolca,  and  also  in  the    dent'?,'  pi'at^  7f ''"iSX 
Eocene  of  Algeria  and  the  Arakan  coast.    The    of  Mai'ta!™'"  '''^ 
extinct  Enneodon  is  an  apparendy  allied  genus 
from  the  Italian  Tertiary.    Finally,  the  huge  pelagic  Sun-fishes  of 
the  genus  Orthagoriscus,  in  which  the  body  is  compressed  and  very 
short,  the  vertical  fins  are  confluent,  and  the  tail  truncate,  occur  in 
a  fossil  state  in  the  Lower  Miocene  or  Upper  Eocene  of  Belgium 
Ihe  alleged  occurrence  of  this  genus  in  the  English  Chalk  is,  how- 
ever, based  on  a  misinterpretation. 

At  the  conclusion  of  this  order  we  may  mention  the  genus 
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Ancistrodon,  founded  upon  detached  teeth  from  the  Chalk  of 
France ;  similar  teeth  also  occurring  in  the  Cretaceous  of  Texas. 
These  teeth  are  generally  regarded  as  pharyngeal  teeth  of  Teleostei, 
although  it  has  been  suggested  that  they  may  prove  to  be  anterior 
teeth  of  Pycnodont  Ganoids. 


LITERATURE   OF  PISCES. 

1.  Agassiz  (L.)— "  Recherches  sur  les  Poissons  Fossiles."  Neuchatel. 

1833-44- 

2.    "  Monographic  des  Poissons  fossiles  du  Vieux  Gr^s  Rouge." 

Neuchatel.  1844. 

3.  Cope  (E.  D.)— "  The  Vertebrata  of  the  Cretaceous  Formations  of 

the  West."  '  Rep.  U.S.  Geol.  Survey  of  the  Territories '  vol.  ii. 
(1875). 

4.  Davis  (J.  W.)— "  On  the  Fossil  Fishes  of  the  Carboniferous  Lime- 

stone Series  of  Great  Britain."  '  Trans.  Roy.  Dublin  Soc'  (2), 
vol.  i.  (1887). 

5.    "  The  Fossil  Fishes  of  the  Chalk  of  Mount  Lebanon  in  Syria." 

Ibid.,  vol.  iii.  (1887). 

6.  EgertON  (P.  DE  M.) — "  The  Nomenclature  of  the  Fossil  Chimasroid 

Fishes."    '  Quart.  Journ.  Geol.  Soc'  vol.  iii.  (1847). 

7.  GUNTHER  (A.)—"  Description  of  Ceratodus."    '  Phil.  Trans.'  1871. 

8.    "An  Introduction  to  the  Study  of  Fishes."    Edinburgh.  1880. 

9.  Hancock  (A.)  and  Atthey  (J.)—"  On  Dipterus  and  Ctenodus." 

'Ann.  and  Mag.  Nat.  Hist.,'  ser.  4,  vol.  vii.  (1871). 
ID.  Hasse  (C.)— "  Das  Naturliche  System  des  Elasmobranchier  auf 
Grundlage  des  Baues  und  der  Entwickelung  ihrer  Wirbelsauler." 
Jena.  1879. 

11.  Huxley  (T.  H.) — "Essay  upon  the  Systematic  Arrangement  of  the 

Fishes  of  the  Devonian  Epoch."  '  Mem.  Geol.  Survey  of  Great 
Britain.'    Decade  X.  (1861). 

12.    "Structure  of  Crossopterygian  Ganoids."    Ibid.    Decade  XII. 

(1866). 

13.    "  Structure  of  Ceratodus."    '  Proc.  Zool.  Soc'  1876. 

14.  KOKEN  (E.)— "  Ueber  PleuracanihusP     '  Sitz.  Ges.  Nat.  Berlin. 

1889.    No.  3. 

15.  MlALL  (C.  J.) — "On  the  Genus  Ceratodus,  with  Special  Reference 

to  the  Fossil  Teeth  found  at  Maledi,  Central  India."  '  Palasonto- 
logia  Indica'  (Mem.  Geol.  Surv.  Ind.).  ser.  4.  vol.  i.  (1878). 

16.    "Sirenoid  and  Crossopterygian  Ganoids."    '  Palseontographical 

Society.'  1878. 

17.  Newberry  (J.)— "  PalEcontology  of  Ohio  "  (Carboniferous  and  De- 

vonian Fishes).    1873  and  1875. 

18.  Newton  (E.  T.)— "  The  ChimEeroid  Fishes  of  the  British  Cretaceous 

Rocks."  '  Mem.  Geol.  Survey  of  Great  Britain.'  Monograph  IV. 
(1878). 

19.  Owen  (R.)—"  Odontography."    London.  1840-45. 

20.  Pander  (C.  H.)— "  Die  Placodermen."  1857. 

21.    "  Die  Ctenodipterinen  des  Devomschen  Systems."  1858. 

22!    "  Die    Saurodipterinen,    Dendrodonten,    Glyptolepiden,  und 

Cheirolepiden  des  Devonischen  Systems."  i860. 


LITERATURE  OF  PISCES. 


loiy 


23.  Pander  (C.  H.) — "  Fossilen  Fische  des  Silurischen  Systems."  1856. 

24.  PowRiE  (J.)  AND  Lankester  (E.  R.) — "Monograph  of  the  Fishes 

of  the  Old  Red  Sandstone  of  Britain  {CephalaspidcBy  '  PalEeonto- 
graphical  Society.'  1868-70. 

25.  Traquair  (R.  H.) — "  Description  of  Pygopierus  Greenockit"  &c. 

'Trans.  Roy.  Soc.  Edinb.,'  vol.  xxiv.  (1867). 

26.           "  Monograph  of  the  Ganoid  Fishes  of  the  British  Carboniferous 

Formations  {PalcEoniscidcE)."   '  Palaeontographical  Society.'  1877. 

27.            "On  the  Genus  Dipterus,"  &c.    'Ann.  and  Mag.  Nat.  Hist.,' 

ser.  5,  vol.  ii.  (1878). 

28.            "  On  the  Structure  and  Affinities  of  Tristichopterus  alatiis." 

'Trans.  Roy.  Soc.  Edinb.,'  vol.  xxvii.  (1875). 

29.            "  On  the  Cranial  Osteology  of  Rhizodopsis."    Ibid.,  vol.  xxx. 

(1881). 

30.            "  Report  on  Fossil  Fishes  collected  in  Eskdale  and  Liddes- 

dale."    Pt.  I.    Ganoidei.    Ibid.,  vol.  xxx.  (1881). 

31.    "Structure  and   Systematic  Position  of  Cheirolepis."  Also 

"  On  Some  Fossil  Fishes  from  the  Neighbourhood  of  Edinburgh." 
'Ann.  and  Mag.  Nat.  Hist.,'  ser.  4,  vol.  xv.  (1875). 

32.    "  On  the  Structure  and  Affinities  of  the  PlatysoinidcE."  Ibid., 

vol.  xxix.  (1879). 

33.    "  On  the  Nomenclature  of  the  Fishes  of  the  Old  Red  Sandstone 

of  Great  Britain."    '  Geol.  Mag.,'  decad.  3,  vol.  v.  (1888). 

34-    "  On  the  Structure  and  Classification  of  the  AsterolepidcB." 

'Ann.  Mag.  Nat.  Hist.,'  ser.  6,  vol.  ii.  (1888). 

35-    " compared  with  Coccosteus."  '  Geol.  Mag.,'  decad.  3, 

vol.  vi.  (1889). 

36.  Whiteaves  (J.  F.)— "  Illustrations  of  the  Fossil  Fishes  of  the  De- 

vonian Rocks  of  Canada."  Pts.  I.  and  II.  'Trans.  Roy.  Soc. 
Canada,'  vols.  iv.  and  vi.  (1887  and  1889). 

37.  Woodward  (A.  S.)— "  On  some  New  Species  of  Holocentrum,  from 

the  Miocene  of  Malta,  with  a  List  of  Fossil  Beryczd^:'  '  Geol. 
Mag.,'  decad.  3,  vol.  iv.  (1887). 

38.            "  On  Some  Remains  of  the  Extinct  Selachian  Asteracaiithus, 

from  the  Oxford  Clay  of  Peterborough."  '  Ann.  Mag.  Nat.  Hist.,' 
ser.  6.  vol.  ii.  (1888). 

39-            "  On  the  Fossil  Fish-spines  named  Calorhynchiis."  Ibid. 

40.            "  On  the  genus  Rhacolepis."    '  Proc.  Zool.  Soc'  1887. 

41-            "  On  the  genus  Notidanus."    '  Geol.  Mag.,'  decad.  3,  vol.  iii. 

(1886). 

42.           "  Synopsis  of  the  Vertebrate  Fossils  of  the  English  Chalk." 

'  Proc.  Geol.  Assoc.,'  vol.  x.  (1887). 

43-            "  Catalogue  of  Fossil  Fishes  in  the  British  Museum."    Pt.  I. 

Elasmobranchei.    8vo,  London  (1889). 

44-           "  On  the  Occurrence  of  Onychodus  in  the  Lower  Old  Red  of 

Herefordshire."    '  Geol.  Mag.,'  decad.  3,  vol.  v.  (1888). 

45-           "  On  the  Palaeontology  of  Sturgeons."    '  Proc.  Geol.  Assoc. ' 

vol.  xi.  (1889).  ' 

46.  ZiTTEL  (K.  A.)—"  Handbuch  der  Pal^ontologie."  Abth.  I.,  vol.  iii., 
pts.  I,  2.  8vo,  Munich  (1887-88).  Critically  reviewed  by  A.  Smith- 
Woodward  in  the  '  Geol.  Mag.'  for  1889. 


ioi8 


CHAPTER  LI. 


CLASS  AMPHIBIA. 


GENERAL  STRUCTURE  AND  ORDERS. 


The  Amphibia,  which  comprise  the  Frogs  and  Toads,  Salamandroids, 
CEeciUans,  and  the  extinct  Labyrinthodonts,  and  are  sometimes 
known  as  the  Batrachia,  agree  in  so  many  points  of  structure  with  the 
more  generalised  Fishes,  that  Professor  Huxley  groups  the  two  classes 
together  under  the  common  name  of  Ichthyopsida.    Recent  observa- 
tions on  fossil  forms,  tend,  however,  to  show  in  the  other  direction 
a  transition  from  the  Amphibia  to  the  more  generalised  Reptilia. 
The  Amphibia  as  a  whole  differ  from  Fishes  mainly  by  the  circum- 
stance that  when  median  fins  are  present  they  are  devoid  of  fin- 
rays  ;  and  that  the  limbs,  when  present,  contain  the  same  skeletal 
elements  as  those  of  the  higher  classes.    They  agree  with  Fishes  in 
having  branchiee  in  their  earlier  stages  of  life,  but  these  very  fre- 
quently disappear  in  the  adult,  when  respiration  is  carried  on  entirely 
by  means  of  the  lungs.     An  epidermal  exoskeleton  is  generally 
wanting.   There  is  no  amnion,  and  at  best  but  an  imperfect  allantois 
in  the  embryo.    In  existing  forms  the  cranium  always  articulates  to 
the  vertebral  column  by  two  distinct  exoccipital  condyles,  but  in  a  few 
Labyrinthodonts  these  were  not  ossified.    The  mandible  articulates 
to  the  cranium  without  the  intervention  of  a  suspensorium  ;  so  that 
the  skull,  like  that  of  the  Dipnoid  Fishes,  is  autostylic.  A  large  para- 
sphenoid  is  always  present ;  and  cranial  bones  are  largely  developed 
although  their  number  is  generally  less  than  in  Fishes.  The  external 
nares  are  terminal  in  nearly  all  cases.    The  vertebral  column  is 
more  or  less  completely  ossified,  and  can  generally  be  differentiated 
into  cervical,  dorso-lumbar,  sacral,  and  caudal  regions ;  the  sacrum 
but  rarely  comprising  more  than  a  single  vertebra.    The  infraneural 
segments  of  the  vertebral  column  are  frequently  amphicoelous,  and 
in  recent  forms  each  bears  its  own  arch;  but  in  certain  Labyrintho- 
donts, as  we  shall  see  below,  the  neural  arches  are  earned  by  alter- 
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nate  vertebral  segments,  and  from  circumstances  to  be  detailed  in 
the  sequel  it  is  inferred  by  Professor  Cope  and  others  that  the  verte- 
bral bodies  of  existing  Amphibians  are  really  intercentra,  carrying 
the  neural  arches  which  have  been  shifted  to  them  from  the  lost 
centra.  The  ribs  may  articulate  to  the  vertebra  by  a  single  (upper) 
transverse  process  ;  but  in  Salamandroids  and  Labyrinthodonts  the 
vertebra  also  carry  an  inferior  rib-facet,  when  the  heads  of  the  ribs 
are  consequently  double.  As  a  rule  no  ribless  (lumbar)  vertebrae 
occur,  and  sternal  ribs  are  wanting.  The  sternum,  which  is  never 
present  in  Fishes,  appears  in  the  Amphibia  in  the  middle  line  of 
the  chest,  and  may  be  extended  anteriorly  as  an  omo-  and  epi- 
sternum  (fig.  974,  b).  The  pectoral  and  pelvic  girdles  are  well 
developed ;  the  former  (ibid.)  in  recent  forms  having,  however,  no 
clavicle  or  interclavicle,  although  it  is  nearly  certain  that  these  bones 
are  represented  in  the  thoracic  buckler  of  the  Labyrinthodonts.  A 
distinct  rod-like  precoracoid  (fig.  974,  b)  occurs  in  recent  forms.  In 
the  pelvis  the  pubis  is  frequently  unossified,  and  if  ossified  is  much 
smaller  than  the  ischium.  In  most  cases  the  ischium  and  the  car- 
tilaginous or  bony  pubis  of  either  side  unite  to  form  a  continuous 
plate,  in  which  the  obturator  foramen  is  not  represented,  although 
there  is  a  small  perforation  ;  and  the  ischia  meet  in  a  ventral  symphy- 
sis. The  body  of  the  ilium  may  be  almost  wholly  in  advance  of  the 
acetabulum.  The  limbs  vary  greatly  in  their  proportionate  length 
in  the  different  orders,  and  may  be  entirely  absent ;  while  the  carpals 
and  tarsals  may  be  unossified.  The  limb  bones  of  the  Labyrinth- 
odonts approximate  to  those  of  the  Anomodont  Reptiles.  The 
carpus  and  tarsus  always  have  a  centrale,  and  in  some  of  the  primit- 
ive Labyrinthodonts  there  may  be  at  least  three  centralia  in  the 
latter.  The  fourth  and  fifth  tarsalia  always  remain  distinct  from 
each  other  in  those  forms  which  have  five  digits.  The  latter  number 
IS  found  in  the  Labyrinthodonts,  but  in  some  existing  forms  the 
digits  may  be  reduced  to  three  or  two.  The  number  of  the 
phalangeals  in  the  digits  of  pentedactylate  forms,  counting  from 
the  first  to  the  fifth,  does  not  exceed  2,  2,  3,  3,  3,  and  this  num- 
ber may  be  reduced  in  some  existing  forms.  As  a  rule  the  tail 
is  comparatively  short. 

Teeth  are  usually  present  on  the  premaxilla,  maxilla,  vomer,  and 
the  dentary  bone  of  the  mandible  ;  but  are  generally  wanting  on 
the  palatine  and  pterygoid,  although  present  on  the  latter,  and  also 
on  the  parasphenoid,  in  many  Labyrinthodonts.  These  teeth  are 
usually  anchylosed  to  the  bone,  and  in  existing  forms  are  of  simple 
structure.  In  the  Labyrinthodonts  the  structure  of  the  teeth  may, 
however,  become  very  complex  by  foldings  of  the  dentine,  this 
structure  being  an  extreme  development  of  that  met  with  in  certain 
(^anoids ;  and  in  some  of  these  forms  the  usually  large  pulp-cavity 
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may  be  greatly  reduced.  In  existing  forms  there  is  generally  no 
exoskeleton,  and  if  scutes  or  scales  are  developed  they  are  buried 
in  the  skin ;  but  in  the  Labyrinthodonts  bony  scutes  were  very 
generally  present,  although  frequently  restricted  to  the  ventral  aspect 
of  the  body. 

A  marked,  although  not  universal,  feature  in  the  class  is  the 
change  from  a  respiration  by  gills  to  one  by  lungs;  this  change 
being  accompanied  by  other  structural  alterations,  and  termed  a 
metamorphosis.  In  some  instances  only  external  gills  are  developed, 
which  form  a  plume  on  either  side  of  the  neck ;  and  it  is  these  gills 
which  persist  in  such  forms  as  do  not  undergo  a  metamorphosis. 
In  those  groups,  however,  in  which  a  metamorphosis  takes  place 
internal  gills  may  be  developed  for  a  short  period. 

That  the  Amphibia  have  taken  their  origin  from  primitive  Fishes 
allied  to  the  Dipnoi  and  Ganoidei  is  pretty  evident.    Evidence  of 


Fig.  950  -Enlarged  view  of  the  upper  surface  of  the  cranium  oi  Protritoit,  with  the  charac- 
teristic Tabyrinthodont  bones  shaded;  from  the  Permian  of  Bohemia.        Nasal  ;  ^.  Fron  a  , 
/>.«,  Parietal;  S.O,  Supraoccipital ;  E.p,  Ep.otic ;  -S-:?"..  Supratemporal     5.y  Sq^^^^^ 
P.i.f,  Postfront.aI;   Ju,  Jugal  :   P.t.o,  Postorbital  ;   tm,  Premaxilla ;  Ma.Mlla.  , 

Quadratojugal ;  Q,  Quadrate.   (After  Fritsch.) 

affinity  with  the  primitive  Ganoids  is  indeed  very  clearly  shown  by 
the  so-called  labyrinthic  structure  of  the  teeth  of  nearly  all  the 
Pateozoic  Amphibia,  since  we  find  a  similar  type  of  dental  structure 
obtaining  in  many  of  the  early  Ganoids,  and  nowhere  else  m  the 
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whole  animal  kingdom.  The  similarity  in  the  structure  of  the 
vertebral  column  of  the  earlier  Elasmobranch  and  Ganoid  Fishes 
with  that  of  the  Labyrinthodont  Amphibians  is  also  important 
evidence  pointing  in  the  same  direction. 

This  class  may  be  divided  into  the  four  orders,  Labyrinthodontia, 
Apoda,  Ecaudata,  and  Caudata.  The  first  is  totally  extinct,  the 
second  is  at  present  unknown  before  the  existing  epoch,  while  we 
have  no  certain  record  of  the  occurrence  of  the  third  before  the 
Cretaceous,  and  of  the  fourth  previously  to  the  Tertiary. 

Order  I.  Labyrinthodontia. — Since  the  name  of  this  order  is 
not  strictly  applicable  to  all  its  members  it  has  been  proposed  to 
substitute  the  term  Stegocephala ;  but,  as  the  same  objection  might 
be  taken  to  a  large  number  of  terms  in  use,  such  a  change  seems 
unnecessary.  Using,  then,  the  Labyrinthodontia  as  including  the 
Ganocephala  and  Microsauria  of  some  writers,  its  members  may  be 
characterised  by  the  following  features.  The  body  is  more  or  less 
elongated,  and  furnished  with  a  tail ;  the  skull  has  paired  supraocci- 
pitals  (fig.  950,  S.O),  and  its  postero-lateral  regions  are  roofed  over 
by  a  postorbital  (FJ.o)  anteriorly,  and  a  supratemporal  (S.T)  poste- 
riorly. There  is,  moreover,  very  generally  an  epiotic  ^  (^./) ;  the 
orbits  frequently  have  a  bony  ring  in  the  sclerotic ;  and  there  is  a 


nf^F?;'^''~^'^"i:?[''^P'"^'  °[  ^^-^  thoracic  buckler  of  Aci/iw<ion  Frossardi ;  from  the  Permian 
ScapSr' (After  clud^T  ^         Clavicle;  s.cl,  Supraclavicle; 

parietal  foramen.  Palatine  and  vomerine  teeth  are  very  generally 
present,  and  the  dentine  of  the  teeth  is  frequently  more  or  less 
i  k '  P^'^-'^^ed'  from  the  sides.  The  centra  of  the  vertebrte, 
which  are  amphicoelous,  may  be  imperfectly  ossified,  and  frequently 
retain  a  notochordal  canal  in  the  middle.  Usually  there  is  a  buckler 
on  the  inferior  surface  of  the  thorax,  consisting  of  one  median,  and 
two  lateral  flattened  bones,  probably  representing  the  interclavicle 
and  clavicles;  the  relations  of  these  bones  being  shown  in  fig.  951. 

bone^heSTeUp^rih'  °pisthotic ;  and  also  considers  that  the 

""e  nere  termed  the  squamosal  is  the  supratemporal,  and  vice  versd. 
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Posteriorly  to  this  thoracic  buckler  an  armour  of  dermal  scutes  is 
generally  developed  on  the  ventral  surface  of  the  body;  and  in  some 
cases  this  armour  may  cover  the  entire  body,  the  form  of  the  scutes, 
or  scales,  then  varying  considerably  in  the  different  regions.  Four 
paired  pentedactylate  limbs  were  usually  present. 

The  pterygoids  are  always  separated  from  one  another  in  the 
median  line.  The  pelvis  ^  of  the  more  typical  forms  is  remarkably 
like  that  of  the  Pariasaurian  Anomodont  Reptiles,  presenting  the 
same  absence  of  an  obturator  foramen. 

The  paired  supraoccipital  ossifications  constitute  a  feature  found 
elsewhere  only  among  the  Ganoid  Fishes ;  and  the  frequent  ossifi- 
cation of  the  articular  bone  of  the  mandible  is  also  a  character  not 
found  elsewhere  in  the  class.  In  many  cases  the  external  surface 
of  the  bones  of  the  skull  (fig.  952),  and  of  the  thoracic  buckler,  is 

a 


a 

Fig.  952.— Lateral  view  of  the  imperfect  left  ramus  of  the  m^kni'Me.  of  Pacliyf^onia  inc7irvaia; 
from  the  Lower  Mesozoic  of  India.    The  letters  indicate  mucous  canals.    (After  Huxley.) 


sculptured  by  a  series  of  irregular  grooves  and  ridges ;  traversed  in 
the  former  instance  by  a  number  of  mucous  canals.  From  the 
occurrence  of  a  similar  sculpture  in  the  Pariasaurian  Anomo- 
donts  and  the  Crocodilians,  Professor  Seeley  regards  these  groups 
as  directly  descended  from  Labyrinthodonts ;  and  it  is  evident  that 
the  passage  from  the  Labyrinthodonts  to  the  former  group  of  Rep- 
tiles is  almost  a  complete  one.  The  gills  (fig.  953)  of  the  young 
are  generally  lost  in  the  adult ;  but  in  one  group  the  external  gills 
persist. 

Labyrinthodonts  range  in  Europe  generally  from  the  Carboniferous 
to  the  Trias,  and  are  especially  abundant  in  the  Permian ;  but  one 
genus  {Rhinosmirus)  persisted  to  the  Lower  Jurassic.  In  North 
America  and  India  this  order  is  abundantly  represented  in  strata 
mainly  representing  the  period  from  the  Carboniferous  to  the  Trias. 
According  to  the  views  of  Professor  Cope  and  Dr  Fritsch,  this  order 
is  to  be  regarded  as  one  presenting  generalised  characters,  some  of 
which  approximate  to  those  of  modern  Amphibia,  while  others  are 

1  It  should  be  observed  that  in  the  figure  of  the  pelvis  of  Eryops  i^.vtv,  in 
Zittel's  'Pateontologie.'abth.  i.,  vol.  iii.,  pt.  ii.,  p.  364,  SSL  thehmderend 
of  the  ischium  is  mistaken  for  the  pubis. 
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Reptilian  ;  and  we  may  probably  regard  the  Anomodont  Reptiles 
as  having  taken  their  origin  from  a  group  closely  allied  to  the  Laby- 
rinthodonts,  if  not  actually  from  this  order.  As  regards  the  sub- 
divisions of  the  order  there  is  still  considerable  uncertainty,  and  all 
such  divisions  must  consequently  be  regarded  as  more  or  less  pro- 
visional. Dr  Fritsch  has,  indeed,  proposed  to  range  the  families 
under  four  series  or  suborders,  according  to  the  external  contour  of 
the  body  and  the  nature  of  the  vertebral  column  ;  this  grouping 
being  provisionally  adopted  in  the  present  work,  with  some  emenda- 
tion of  nomenclature. 

Suborder  i.  Branchiosauria. — In  this  suborder  the  external 
appearance  approaches  that  of  the  modern  Salamanders.  The  ver- 
tebrae have  centra  composed  of  a  single  piece,  which  retains  traces 
of  the  notochord ;  the  ribs  are  short  and  straight ;  and  the  neural 
canal  is  dilated  in  the  middle  of  each  vertebra.  The  teeth  are 
simple  in  structure,  and  internal  gills  were  developed  in  the  young. 
Some  authorities  include  the  next  two  groups  in  the  present  sub- 
order under  the  name  of  Lepospondyli. 

Family  ProtritoniD/E. — The  Branchiosaurida  of  Dr  Fritsch, 
being  founded  on  a  name  which  is  apparently  a  synonym,  may  be 
better  known  as  the  Protritonidce.  They  are  characterised  by  the 
great  breadth  of  the  skull  (fig.  950),  and  the  smooth  teeth.  Typi- 
cally the  palatines,  according  to  Dr  Credner,  are  small  transversely 
elongated  bones  lying  in  the 
anterior  part  of  the  skull,  and 
not  joining  the  maxillse ;  this 
arrangement  being  similar  to 
that  found  in  the  Ecaudata. 
The  type  genus  Frotriton 
{Bra?ichtosaurus  or  Pleuron- 
ura)  is  found  abundantly  in 
the  Permian  of  the  Continent ; 
and  its  development  has  been 
fully  worked  out  by  Dr  Cred- 
ner from  the  study  of  a  large 
number  of  specimens  of  all 
ages.    The   specimen  shown 

H-  953  exhibits  the  nearly 
entire  skeleton  of  a  small  individual,  while  the  details  of  the  cra- 
nial structure  are  exemplified  in  the  greatly  enlarged  skull  shown 
in  hg.  950. 

thi^^n'^l'ni';^?/"'*''  observations  of  Dr  H.  Credner,  it  appears  that 
he  creatnrf  'P""™^"?  ^nown  were  25  mm.  in  length,  in  which  stage 

by  four  pairs  T.r^'''''\^'''\  ''^•^''^''^"^  S'"^'  ^^hi^h'were  supportfd 
y  lour  pairs  of  arches.    By  the  time  they  attained  a  length  of  from  60 


Fig.  953.— Ventral  aspect  of  the  nearly  entire 
skeleton  of  a  young  individual  of  Protriton 
petrolei;  from  the  Permian  of  France.  (After 
Gaudrj'.) 
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to  70  mm.,  these  larvse  cast  their  gills,  and  became  air-breathers  ;  their 
development  being  thus  analogous  to  that  of  the  existing  Salamanders. 
■The  adults  measure  from  100  to  160  mm.  In  the  course  of  the  meta- 
morphosis the  skull  decreases  somewhat  in  width,  and  the  thoracic 
buckler  grows  much  more  rapidly  than  the  scapula  and  coracoid,  while, 
curiously  enough,  the  pelvis  shifts  its  position,  and  thus  increases  the 
number  of  presacral  vertebrae  from  20  to  26.  In  the  larva  the  under- 
side of  the  body  is  naked  (fig.  953),  but  in  the  adult  there  is  a  complete 
armour  of  bony  scutes  on  this  aspect. 

Other  genera  of  which  some  may  perhaps  be  included  in  this 
family  are  Amphtbamus,  from  the  Carboniferous  of  Illinois ;  Felion, 
from  that  of  Ohio ;  Batrachiderpeton,  from  the  Carboniferous  of 
Britain ;  Hykrpeton,  from  that  of  Nova  Scotia  ;  Dazvsonia,  from 
the  Permian  of  Bohemia ;  and  Sparodus,  from  the  latter  deposits. 
Batrachiderpeton  is  remarkable  for  the  absence  of  maxillary  teeth, 
and  the  clustering  of  the  palato-vomerine  teeth ;  Sparodus  present- 
ing the  latter  feature,  but  retaining  the  maxillary  teeth.  The  pala- 
tines of  the  latter  genus  are  splint-like  bones  interposed  between  the 
vomers  and  maxillae. 

Family  APAXEONiDyE. — In  this  family  the  skull  (fig.  954)  is  tri- 
angular and  comparatively  narrow,  while  the  teeth  are  marked  by 
small  grooves  at  their  summits.  The  type  genus  Apateon  is  found 
in  the  Carboniferous  rocks  of  Germany,  while  the  allied  Melanerpetofi 
is  from  the  Permian  of  Bohemia.  An  enlarged  view  of  the  dorsal 
aspect  of  the  skull  of  the  latter  genus  is  shown  in  fig.  954,  the  reten- 
tion of  the  internal  gills  indicating  that  it  belonged  to  an  immature 
individual. 

Suborder  2.  Aistopoda. — In  this  remarkable  group  the  body 
has  a  snake-like  form,  with  well-developed  ribs,  but  probably  with- 
out either  pectoral  or  pelvic  girdles  or  limbs.  The  teeth  are  not 
folded;  and  Dr  Fritsch  considers  that  the  external  gills  persisted 
throughout  life. 

Family  Dolichosomatid^. — This  family,  which  is  equivalent  to 
both  the  Flegothonidcs  and  Molgophida  of  Professor  Cope,  is  repre- 
sented in  the  Carboniferous  of  Britain  and  the  Permian  of  Bohemia 
by  Dolichosoma  and  Ophiderpeton.  In  the  former  the  skull  is  long 
and  narrow,  with  no  sculpture  on  the  bones,  and  it  is  probable  that 
the  body  was  entirely  naked ;  but  in  the  latter  the  skull  may  have 
been  shorter,  and  there  was  an  armour  on  both  surfaces  of  the 
body,  the  scutes  on  the  ventral  side  being  long  oat-like  splints, 
while  those  on  the  back  were  rounded  and  shagreen-like.  The 
ossified  gill-supports  were  furnished  with  small  enamel-like  denti- 
cules.  One  of  the  species  of  Dolichosoma  attained  a,  length  of  about 
two  feet.  Plegethontia  and  Molgophis,  from  the  Carboniferous  of 
Ohio,  appear  to  be  nearly  related.  PalcBOsiren,  from  the  Permian 
of  Bohemia,  is  a  gigantic  form  provisionally  included  in  this  family. 
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of  which  the  length  is  estimated  at  forty-five  feet ;  while  Adenoderina 
of  the  same  deposits  may  indicate  a  distinct  family. 

From  the  many  resemblances  presented  by  the  Dolichosomatidce 
to  the  existing  Apoda,  Dr  Fritsch  considers  it  probable  that  they 
must  be  regarded  as  nearly  related  to  the  ancestral  forms  from  which 
that  group  has  been  derived. 

Suborder  3.  Microsauria. — The  Labyrinthodonts  included  in 
this  suborder  resemble  Lizards  in  outward  appearance,  and  have 
the  centra  of  the  vertebrae  more  or  less  elongated,  and  long,  curved 
ribs. 

Family  UROCORDVLiDiE. — This  family — ihe  Nectridea  of  Professor 
Miall  and  the  Ptyoniidce  of  Professor  Cope — comprises  stout,  long- 


rnh^'six^i^yj'^Zr'/'''^^  °'"  I,*"""  °S  '^elS:''crpeton  punllum;  from  the  Permian  of  Bohe- 
(Aftir  Fri,™h  )  ^'  ^'^'^"'^'^ O.s.,  supra-occipital ;  other  letters  as  in  fig.  950. 

tailed  forms,  in  which  the  epiotic  cornua  of  the  skull  are  much  pro- 
duced ;  the  cranial  bones  are  pitted ;  the  neural  spines  and  chevrons 
ot  the  caudal  vertebra  are  much  dilated  at  their  extremities  and 
pectinated;  and  caudal  ribs  are  wanting.  The  type  genus  Uro- 
c^dyius,  as  well  as  Ceraterpeton,  occurs  in  the  Carboniferous  of 
Britain  and  Ohio,  and  also  in  the  Permian  of  Bohemia ;  one  species 
I  nie  former  attaining  a  length  of  about  twenty  inches.  Lepterpeton 
's  characteristic  of  the  Carboniferous  of  Britain  and  Ohio  ;  other 
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genera  from  the  latter  deposits  being  Ftyo7itus,  CEstocephalus,  Hy- 
phasma,  and  probably  Sauropleura. 

Family  LiMNERPEXiDiE. — In  the  one  genus  Limnerpeton,  of  the 
Permian  of  Bohemia,  the  naked  body  is  more  elongated  and  the  tail 
shorter  than  in  the  preceding  family ;  the  skull  being  broad  and 


(After  Fritsch.) 

Frog-like,  with  smooth  bones ;  and  the  upper  and  lower  processes 
of  the  caudal  vertebrae  simple.  The  teeth  are  small,  with  their  sum- 
mits either  smooth  or  folded. 
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Family  Hyloplesionid^. — This  family  is  readily  recognised  by 
the  somewhat  narrow  head,  the  smooth  cranial  bones,  and  the  en- 
velopment of  the  whole  body  (fig.  955,  a)  in  an  armour  of  scutes. 
The  caudal  ribs  (fig.  955)  are  well  developed.  It  comprises  the 
gtx\tx7i  Hyloplesion,  Seeleya  (fig.  955),  Ricnodon,  and  Orfhocosta,  from 
the  Permian  of  Bohemia.  Hylonomus  and  Smilerpeton,  from  the 
Carboniferous  of  Nova  Scotia,  are  imperfectly  known  forms  which 
may  belong  to  the  same  family,  in  which  case  the  name  Hylono7iiidce 
might  be  adopted.    All  the  species  are  of  small  size. 

F.A.MILY  MiCROBRACHiD^. — This  family  includes  small  slender 
forms,  with  short  pectoral  limbs,  strongly  sculptured  cranial  bones, 
and  scutes  covering  the  entire  body.  The  type  genus  Microbrachis 
occurs  in  the  Permian  of  Bohemia,  and  has  a  long  narrow  skull. 
Three  species  are  known.  Another  representative  of  this  family  is 
Tiiditanus,  of  the  Carboniferous  of  Ohio,  characterised  by  its  broad 
and  expanded  skull.  Cocytinus,  of  the  same  deposits,  may  be  pro- 
visionally placed  in  this  family. 

Suborder  4.  Labyrinthodontia  Vera. — The  genera  included 
in  this  group  are  characterised  by  their  Crocodile-like  bodies ;  the 
disk-like  centra  of  the  vertebrae,  when  these  are  fully  ossified ;  by 
the  vertebral  column  being,  at  least  in  the  young,  very  generally  of 
the  types  known  as  rhachitoiiwus  and  embolomerous ;  by  the  teeth 
being  more  or  less  folded;  and  by  the  outer  surface  of  the  skull 
bearing  a  more  or  less  strongly-marked  sculpture,  frequently  accom- 
panied by  the  presence  of  the  so-called  mucous  canals.  Some 
authorities  divide  this  group  into  the  Tet?mospondyll  and  Stereo- 
spondyli,  according  to  the  incomplete  or  complete  ossification  of  the 
vertebral  centra ;  but  Dr  Fritsch  regards  the  whole  series  as  con- 
stituting a  single  group — a  view  which  is  supported  by  the  cir- 
cumstance that  in  many  of  those  forms  in  which  the  vertebra  are 
fully  ossified  in  the  adult,  in  the  young  stage  their  ossification  is 
incomplete. 

Before  proceeding  further  it  will  be  advisable  to  briefly  consider 
the  nature  of  the  above-mentioned  types  of  vertebral  structure.  In 
certain  genera  like  Diplospoiidylus^  {Diplovertebron)  and  Cricotus 
each  caudal  vertebra  consists  of  an  anterior  centrum  carrying  the 
neural  arch,  and  a  posterior  intercentrum  to  which  the  chevrons  are 
united.  These  intercentra,  according  to  the  views  of  Professor  Cope, 
correspond  with  the  chevron  -  bearing  intercentra  of  Ckpsydrops 
among  the  Anomodont  Reptilia,  and  the  wedge  -  bones  of  Sphen- 
odon  among  the  Rhynchocephalians ;  this  type  of  structure  being 
known  as  the  embolomerous.  In  the  trunk  vertebrae  of  other  genera 
like  Trimerorhachis  (fig.  957)  and  Archegosaurus  each  vertebra  (fig. 

'  This  name  has  been  proposed  in  lieu  of  the  hybrid  Diplovertehron. 
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956)  consists  of  four  portions — viz.,  a  basal  intercentrum  (hypo- 
centrum),  a  pair  of  pleurocentra,  and  a  neural  arch.  In  this  rha- 
chitomous  type  Professor  Cope  regards  the  pleurocentra  as  repre- 
senting the  centrum  of  the  em- 
bolomerous  type,  since  they  both 
carry  the  arch ;  and  as  he  finds 
that  the  functional  centra  in  other 
forms,  like  Chelydosaurus,  appar- 
ently correspond  to  the  intercentra 
of  Archegosaurus,  while  the  pleuro- 
centra are  small  and  apparently 
about  to  disappear,  it  is  argued 
that  in  other  Amphibia  the  real 
centra  are  totally  wanting,  and 
the  vertebral  bodies,  which  in  the 
caudal  region  have  the  chevrons 
united  to  them,  are  really  inter- 
centra, to  which  the  neural  arches  have  been  shifted.  Professor 
Cope  regards  the  rhachitomous  and  embolomerous  structures  as  char- 
acters of  at  least  family  value ;  but  Dr  Fritsch  considers  that  the  two 
types  occur  in  different  regions  of  one  and  the  same  species,  as  we 


J. 


956.  —  Diagram  of  a  rhachitomous 
vertebra ;  from  the  front  and  left  side,  i, 
Pleurocentra  ;  2,  Intercentrum  ;  d,  Neural 
spine.    (After  Fritsch.) 


Fig  q=;7.-Parts  of  skull  and  vertebral  column  of  Trimerorluuhis  insignis I  from  the  Permian 
of  Nor?h  America.  «,  Basi-  and  exoccipltals;  b,  c,  Lateral  and  posterior  view  of  angle  of 
mandible  iTrPortions  of  vertebral  column  depressed  by  pressure;  t,  Intercentra;/,  Pleuro- 
centra.   (After  Cope.) 

know  to  be  the  case  in  some  of  the  Ganoid  Fishes  {supra,  p.  959), 
where  we  find  in  Eurycormtis  and  Aspidorhynchus  a  rhachitomous 
type  of  vertebrte  in  the  cervical  and  dorsal  regions,  and  an  embol- 
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omerous  type  in  the  caudal.  An  excellent  example  of  the  rhachitom- 
ous  type  of  vertebra  is  shown  in  fig.  960,  the  pleurocentra  being 
omitted. 

It  should  be  observed  that  this  interpretation  of  the  homology  of 
the  rhachitomous  vertebra  is  not  accepted  by  Mr  Hulke. 

Family  Archegosaurid^.  —  The  well-known  genus 
saurus,  ranging  in  Europe  from  the  Carboniferous  to  the  Permian, 
may  be  taken  as  the  type  of  a  family,  which  for  the  present  may 
include  most  of  those  forms  in  which  the  dorsal  vertebrae  are  of  the 


Archego- 


Fig-  958-— Upper  surface  of  the  cran 
ium  of  Archegosaurus ;  from  the  Car- 
boniferous. Reduced.  Ptnx,  Premax- 
illa;  Mx,  Maxilla:  Na,  Nasal;  La, 
Lachrymal ;  Fr,  Frontal ;  PF,  Pre- 
frontal ;  Pa,  Parietal ;  PtF,  Postfrontal ; 
PtO,  Postorbital ;  Ju,  Jugal ;  QJ,  Quad- 
ratojugal;  Sq,  Scjuamosal ;  ST,  Supra- 
temporal  ;  Efi,  Epiotic ;  SO,  Supraoccip- 
ital.   (After  Miall.)  ^ 


Fig.  959.— Upper  aspect  of  the 
right  carpus  oi  Eryofis  ;  from  the 
Permian  of  North  America.  Re- 
duced. _  R,  Radius;  U,  Ulna; 
r,  Radiale  ;  i.  Intermedium  ;  u, 
Ulnare;  <rl,  c^,  c'i,  Central ia ; 
1-5,  Carpalia;  i.-v.,  Metacarpals. 
(After  Baur  )  ^ 


rhachitomous  type  throughout  life.  Its  members  have,  indeed 
been  split  up  into  the  Melosauridce,  Trimerorhachidce,  and  Eryo- 
pidce;  but  the  observations  of  Dr  Fritsch  indicate  that  for  the 
present  at  least  such  divisions  are  not  definable.  According  to  the 
last-named  authority  this  family  may  be  characterised  as  including 
Labyrinthodonts  of  medium  dimensions ;  having  cylindrical  teeth 
Ixl^n  ^^'f^  °f  ^he  dentine  is  comparatively 

tl  ridt?^^'',  r^"''  °/  '^"^^  ''^'"g  P'"^d  the  supraoccip^ 
usunllv  ^  k'i"  "■''"^  ^"'■'"^'■^  rhachitomous,  and  the  caudal 

sclerotic,  the  ventral  surface  of  the  body  is  always  covered  with 
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scutes ;  and  the  palatines  form  long  splints  lying  on  the  inner  side 
of  the  maxillje.  This  family  is  evidently  the  most  primitive  one 
of  the  entire  order ;  the  vertebral  column  displaying  an  arrest  of 
development  at  a  stage  which  is  transitional  in  higher  forms.  It  is 
further  remarkable  for  the  small  size  of  the  coracoid,  in  which  respect 
this  group  agrees  with  the  Salamanders  and  some  of  the  Anomo- 
dont  Reptiles.  The  humerus  has  distinct  condyles,  as  in  the  latter 
group  ;  and  in  the  pelvis  the  pubis  is  ossified,  and,  like  that  of  some 
Anomodonts,  unites  with  the  ischium  without  the  intervention  of 
an  obturator  foramen.     The  tarsus  and  carpus  (fig.  959)  are 


F'lK  q6o  —Left  lateral  aspect  of  the  arch  and  intercentrum,  and  posterior  aspect  of  'he  arch, 
of  a  dorsal  vertebra  of  Euchirosaurus  Rochei;  from  the  Lower  Permian  of  France.  «,  ISeural 
spine,  with  lateral  expansions,  al;  s,  Suture  between  spine  and  arch  ;  z.a,  Pre-,  s/t,  IfOsUyga- 
pophysis  ;  cf,  Transverse  process  ;  c,  Rib-facet ;  c.r,  Neural  canal ;  ,.c,  Intercentrum.  (Adapted 
from  Gaudry.) 


characterised  by  the  number  of  centraha,  there  being,  accordmg 
to  the  interpretation  here  followed,  four  of  these  bones  in  the 
former  and  three  in  the  latter ;  and  the  first  centrale  articulating 
respectively  with  the  tibia  in  the  tarsus  and  with  the  radms  m 
the  carpus.  This  type  of  tarsal  and  carpal  structure  is  evidently 
the  most  primitive  yet  observed.  ^  ,     ^  r. 

In  Arc/iegosaurus,  and  also  in  Zj^rosaurus  of  the  European  Per- 
mian and  Trimerorhachis  of  the  reputed  equivalent  strata  of  North 
America,  the  occipital  condyles  were  not  ossified;  but  they  were 
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bony  in  many  of  the  other  genera.  The  following  genera  from  the 
Permian  of  Europe  have  vertebrae  agreeing  in  structure  with  those  of 
the  typical  forms,  and  may  be  provisionally  placed  in  the  same  fam- 
ily; they  are  named  Melosaurus,  Osteophorus,  Zygosaurus,  Chelydosati- 
rus,  Cochkosattrus,  Gaudrya,  Actinodon,  and  Euchirosmirus.  Spheno- 
saurus,  from  the  Permian  of  Bohemia,  has  also  been  placed  here, 
although  some  writers  regard  it  as  a  Reptile.  The  name  JDisco- 
saurus  has  also  been  applied  to  a  member  of  this  group  from  the 


PorJ5!ir  °/  ^"■"''^f '  P'-eo<=^"Pied  in  the  Sauropterygia 

fhown"n°fi    T'^r  °f  from  Autun  in  Frrncefare 

late  al  1       ^    '        "'"''"^  ^P^""  ^^'^^  remarkable  for  the  great 
n  fir^fiUh/  Fritsch's  resfora^ 

on  the  the  pleurocentra  belonging  to  this  vertebra  would  be 

on  he  anterior  side,  but  Dr  Zittel  would  rather  regard  those  on  the 
posterior  aspect  as  referable  to  this  segment  of  the  column  In 
the^Bipn  stage  of  the  Lower  Gondwanas  of  India  this  group  i^ 
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represented  by  Gondwanosaurus ;  while,  if  we  may  judge  by  a 
detached  intercentrum  which  may  belong  to  it,  Rhytidosteus,  of  the 
Karoo  system  of  South  Africa,  should  also  find  a  place  here.  The 
American  Permian,  in  addition  to  Trimerorhachis,  has  also  yielded 
2xitrachys,  Eryops,  Acheloma,  and  Anisodexis.  Eryops  includes  very 
large  species,  in  which  the  nares  are  widely  separated  and  not 
placed  at  the  extremity  of  the  snout,  and  the  thoracic  plates  are 
not  sculptured. 

Family  DiPLOSPONDYLiDyE. — This  family^  is  proposed  by  Dr 
Fritsch  for  the  genus  Diplospondylus,  from  the  Permian  of  Bohemia, 
characterised  by  the  embolomerous  structure  of  the  entire  verte- 
bral column,  and  the  absence  of  pits  on  the  skull.  Cricotus  (fig. 
961),  from  the  Permian  of  Illinois  and  Texas,  appears  to  be  an 
allied  form,  which  Professor  Cope  makes  the  type  of  the  family 
Cricotidce. 

Finally,  it  may  be  mentioned  here  that  the  genus  Ichthy acanthus, 
from  the  Carboniferous  of  Ohio,  which  is  frequently  placed  in  the 
Microsauria,  is  described  as  having  rhachitomous  vertebras. 

Family  Nyraniid^. — The  genus  Nyrania,  from  the  Permian  of 
Bohemia,  of  which  the  skull  is  shown  on  an  enlarged  scale  in  figs. 
824,  825  (pp.  902,  903),  differs  from  Archegosaurus  in  that  the  pala- 
tines, in  place  of  forming  splints  on  the  inner  side  of  the  maxillae, 
are  situated  near  the  middle  line,  internally  to  the  vomers  and 
pterygoids,  and  would  therefore  seem  to  represent  a  distinct  family. 
This  arrangement  of  the  bones  of  the  palate  is  similar  to  that 
obtaining  in  the  existing  Caudata.  Some  of  the  genera  noticed 
among  the  ArchegosauriicR,  in  which  the  skull  is  unknown,  may 
belong  to  this  family. 

Family  Dendrerpetid^.— This  family,  which  may  be  taken  to 
include  the  Brachiopina  of  Professor  Miall,  contains  several  genera, 
of  which  the  precise  serial  position  and  full  affinities  are  at  present 
somewhat  uncertain.    The  skull  is  parabolic,  and  marked  by  deep 
pits  ;  the  parasphenoid  in  the  type  genus  has  a  short  stem ;  and  the 
teeth  have  irregular  foldings  at  the  base.    The  vertebra  were  fully 
ossified,  and  may  have  been  of  the  embolomerous  type.    The  type 
eenus  Dendrerpeton  is  a  medium-sized  form  occurring  in  the  Car- 
boniferous of  Nova  Scotia  and  the  Permian  of  Bohemia  and  char- 
acterised by  the  orbits  being  placed  near  the  centre  of  the  skull. 
Another  group  of  genera,  constituting  the  above-mentioned  Brachio- 
Dina  aonears  to  agree  so  closely  with  the  type  in  cranial  characters, 
■  Sat'it  may  at  °ea!t  provisionally  be  included  in  the  same  family. 
The  orStJare  generally  placed  somewhat  anteriorly.  Jhis  group 
^LX^^Brachyops,  known  by  a  single  skull  from  the  Mangli  stage 
o?The  Upper  Go'^id^ana  system  of  India  ;  Micropkoks  {Petrophryne), 
1  Diplovertehrida:,  see  note,  p.  1027. 
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from  the  Karoo  system  of  South  Africa ;  Bothriceps,  from  the  Lower 
Mesozoic  of  AustraHa ;  and  Rhinosaurus,  from  the  Jurassic  of  the 
Ural  Mountains.    There  is  frequently  a  lyra  on  the  skull,  but  this 


Fig.  962.— rt,  Oral  view  of  palate,  much  reduced,  b.  Tooth,  natural  size,  of  Baihetes  ilaniceis  • 
from  the  Carboniferous  of  Nova  Scotia. 

is  wanting  in  Micropholis,  as  in  Dendrerpeton.     It  is  probable  that 
a  young  skeleton  from  the  Lower  Mesozoic  Hawkesbury  beds  of 
New  South  Wales,  described  under 
the  preoccupied  name  of  Platyceps, 
belongs  to  Bothriceps. 

Family  Anthracosaurid^e. — In 
this  family  the  vertebral  column  is 
fully  ossified  in  the  adult ;  the  teeth 
are  deeply  infolded;  the  mucous 
canals  between  the  orbits  and  the 
nares  form  a  lyre-shaped  pattern 
known  as  the  lyra  ;  and  the  ventral 
surface  of  the  body  typically  has  a 
covering  of  bony  scutes.  The  skull 
may  be  parabolic,  but  is  usually  tri- 
angular. This  family  may  be  divid- 
ed into  three  subfamilies.  The  first, 
or  Baphetina,  is  represented  solely 
by  the  genus  Baphetes,  of  the  Car- 
boniferous of  Nova  Scotia,  which 
can  only  be  provisionally  placed  in  .  „ 

this  familv       Tt-    I'o    r,r,1„  1.   u  'S-  eoa-— Upper  view  of  the  skuU  of 

laiimy.      It    IS    only  known    by     Lnxomma  Allmanni;  from  the  Carbon- 

tne  imperfect  skull  Cfie    062^   whiVin     'f^^fou^-Of  Durham.     Reduced.  Letters 

i«  broad,  and  rouSd' ani^Sly  ""'-^ 
Vxov^aT-"'"^^  ^^"^bers  of  the  one  genus 

^kT^  o  S^^fcfh:;?  characterised  by  the  triaifgular 

formiig^  wo  str^St  .rno  ^''•"'''T  P^°j<=ctions,  with  the  lyra 

teeth  nr«  "^^^'gbt  grooves,  continued  posteriorly  as  ridges  The 
teeth  are  compressed,  large,  and  irregular,  with  the  foldings  deeper 
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than  in  the  Archegosaurida.  The  vertebral  centra  are  disk-like, 
and  may  perhaps  be  embolomerous.  Loxomma  (fig.  963)  occurs 
in  England  in  the  Carboniferous,  but  has  also  been  recorded 


Fig.  964.-Dorsal  surface  of  the  sKuU  of  ^"'^'--^"""'^^rter  A«hevT  '^'^ 
of  England.    One-sixth  natural  size,   (.\fter  Atthey.; 

from  the  Permian  of  Bohemia.  The  large  size  of  the  orbits  is 
well  shown  in  the  figure;  another  characteristic  feature  bemg^^^^^^^^ 
absence  of  a  postglenoidal  process  to  J^.^J^.^'ie 

scutes  are  unknown,  and  if  it  be  ^^^^'"'f^^'^'l^f^'^Z^^^^ 
wanting,  this  genus  should  perhaps  form  the  type 
of  a  distinct  family.  In  the  typical  subfamily 
AnthracosaurincB  the  skull  (fig.  964)  is  triangular, 
and  characterised  by  the  small  size  of  the  pala- 
tal vacuities ;  while  the  teeth  are  subcyhndrical. 
The  type  genus  Anthracosaurus  occurs,  as  its 
name  implies,  in  the  Carboniferous,  ranging  from 
Britain  to  the  Continent.  One  of  the  derma 
ventral  scutes  is  shown  in  fig.  965-  The  skul 
w  was  also  covered  with  scales  or  scutes ;  and  it 

Kig.  ,63. -scute  of  appears  from  one  specimen  that  these  scu  es  did 
Antitr<2osaurus.  (After  .  the  parietal  foramcu,  which  in- 

Suces  Dr  Credner  to  consider  that  the  Paleozoic 
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known  Dasyceps,  from  the  English  Permian,  is  allied  in  cranial 
structure  to  Anthracosaurus.  Moreover,  some  writers  place  in  this 
family  the  imperfectly  known  genera  Platyops,  from  the  Permian 
of  Russia,  and  Macrotnerion,  from  the  corresponding  strata  of 
Bohemia. 

Family  Mastodonsaurid^. — The  members  of  this  family,  to- 
gether with  some  of  the  Anthracosauridce,  constitute  the  Euglypta 
of  Professor  Miall's  classification,  and  may  be  regarded  as  the 
typical  representatives  of  the  order.  They  are  distinguished 
from  the  latter  family  by  the  still  more  complex  structure  of  the 
teeth ;  the  stronger  sculpture  of  the  skull ;  and  the  absence  of 
scutes  on  the  ventral  surface  of  the  body.  Large  palatovomerine 
teeth  (fig.  966)  are  placed  on  the  inner  side  of  the  maxillary 
teeth,  and  there  is  a  corresponding  inner  series  of  small  teeth  in 


SL"'-''  r  '  ^^'^^  ^''■^  "°  bony  ring  in  the  sclerotic.  The 
omZ'  T:rry  ^'^^-gh  some  of  them  are 

We  nn..  ?  .  ^P^'"'  AnthracosauridcB.  The  mandible  has  a 
The  n^nh?     v!"^'^  Pu°'''''  ""^  °f  ^^e  teeth  are  conical 

Ind  do  nn^  '^l  '^P'  S^""^  P^bes  are  separate  from  the  ischia 
s"crafnhTf  °f  ^he  acetabulum;  and  tlS 

in  ie™  Yf^^f^-^'^^  disks.    The  centra  or  bodies  of  the  ver- 
tebr^  m  the  adult  form  disks  which  are  fully  ossified;  but  in  the 
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young,  as  we  infer  from  Mastodonsaurus,  in  which  alone  this  feature 
has  been  observed,  they  were  rhachitomous,  as  in  the  adult  condi- 
tion of  the  Archegosauridce..  The  palatal  vacuities  were  large  and 
approximated,  as  is  well  shown  in  fig.  966.  This  family  may  be 
divided  into  two  groups,  according  to  the  presence  or  absence  of 
an  inner  articular  buttress  at  the  proximal  extremity  of  the  mandible. 
The  group  in  which  this  buttress  is  present  is  represented  by  the 
type  genus  Mastodonsaurus,  best  known  by  the  huge  Mastodonsaurus 
giganteus  (figs.  966,  967)  of  the  Trias  of  Europe,  which  probably 
attained  a  length  of  seven  or  eight  feet,  and  ranged  from  the  Mus- 
chelkalk  to  the  Rhsetic.  Besides  other  European  Triassic  species, 
this  genus  is  also  represented  in  the  Lower  Mesozoic  (Maleri  stage) 
of  India  by  a  form  closely  allied  to  M.  giganteus,  and  by  another  in 
the  Hawkesbury  beds  of  New  South  Wales.    Figure  968  shows  the 


Fig.  968.— Transverse  section  of  a  segment  of  a  too* 
of  Mastodonsawus  giganteus.  Greatly  enlarged.  (After 
Owen.) 


Fig.  969.  —  Fragment 
of  jaw  of  one  of  the 
Af astodojtsauridie  ;  from 
the  Upper  Gondwanas 
of  India,  a  shows  the 
section  of  a  tooth. 


Structure  of  a  transverse  section  of  a  segment  of  a  tooth  of  this 
genus  ■  the  mode  of  attachment  of  the  teeth  to  the  jaw  bemg  ex- 
hibited in  fig.  969.  In  the  transverse  section  it  will  be  observed 
that  there  is  one  set  of  sinuous  linear  interspaces  communicating 
with  the  exterior,  and  a  corresponding  series  (separated  from  each 
other  by  the  dental  wall)  of  sinuous  processes  from  the  centra  pulp- 
cavity  Other  genera  of  this  group  are  Capitosaunrs  (including 
Cydoiosaurusl  from  the  Keuper  of  Germany ;  from 
the  Bunter  of  the  same  country,  distinguished  by  its  more  slender 
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skull ;  and  the  apparently  allied  Gonioglyptus,  from  the  Panchet 
stage  of  the  Lower  Gondwanas  of  India.  Pachygonia  (fig.  952),  of 
the  latter  deposits,  may  also  be  provisionally  included  in  this  group. 
From  the  Maleri  stage  of  the  Upper  Gondwanas  we  have  also  a 
Labyrinthodont  apparently  closely  allied  to  Capitosaurus,  and  thus 
indicating  a  precise  parallelism  in  the  evolution  of  the  group  in  the 
Indian  and  European  horizons.  Here  also  we  may  perhaps  place 
a  small  form  described  under  the  provisional  name  of  Glypto- 
gnathus,  from  the  Indian  Panchets.  Metopias,  of  the  Continental 
Keuper  and  Rhaetic,  is  distinguished  from  the  preceding  genera  by 
the  more  anterior  position  of  the  orbits ;  Ladyrmthodon,  of  the 
English  Keuper,  being  probably  allied.  The  second  group  is  repre- 
sented by  Diadetognathus,  of  the  Warwickshire  Trias,  in  which  the 
mandible  has  no  inner  articular  buttress. 

Of  Uncertain  Family. — Here  may  be  mentioned  the  genus 
Eosaurus,  founded  upon  large  vertebral  centra  (fig.  970),  from  the 


i-'ig.  970.— Two  vertebral  centra  of  Eosaurus  acadianvs ;  from.the  Carboniferous 
of  Nova  Scotia.    (After  Marsh.) 

Carboniferous  of  Nova  Scotia,  which  were  regarded  by  Professor 
Marsh  as  belonging  to  an  Ichthyosauroid  Reptile,  but  which  really 
mdicate  a  large  Labyrinthodont,  perhaps  referable  to  the  Afas^o- 
donsaurida. 

Leaving  out  some  ill-defined  genera,  mention  must  be  made  of 
Pteroplax,  of  the  British  Carboniferous,  which  was  formerly  classed 
next  to  Batrachiderpeton.  The  skull  is  elongated,  and  remarkable 
tor  the  mcomplete  orbits ;  while  it  appears  that  many  of  the  ordi- 
nary bones  are  wanting.  The  cranial  bones  have  a  pitted  sculpture  • 
and  the  vertebral  centra  are  thick  and  fully  ossified. 
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Labyrinthodont  Footprints. — In  the  Bunter,  or  Lower  Trias 
of  Germany,  and  also  in  the  Keuper,  or  upper  division  of  the  same 

system  in  Cheshire  and  Warwickshire, 
there  are  frequently  found  long  series 
of  the  impressions  of  the  feet  of  five- 
toed  animals,  which  have  generally  been 
regarded  as  those  of  Labyrinthodonts, 
although  it  has  been  suggested  by  Pro- 
fessor Miall  that  some  of  them  may  be 
Dinosaurian.  These  footprints  were 
described  under  the  name  of  Chirothe- 
rtum,  on  the  supposition  that  they  were 
of  Mammalian  origin ;  but  in  case  this 
should  prove  incorrect  the  alternative 
name  Chirosaurus  was  proposed,  and 
since  they  are  certainly  Saurian,  the 


Fie.  Q7oi/>.-Footprintsof  C/»V«aKr,«5«rM/,  from  the  Bunter  sandstone  of  Hessberg, 
*   ^'  near  Hildburghausen,  Germany.  Reduced. 

latter  name  should  be  adopted.  These  impressions  (fig.  970  bis) 
were  made  by  Saurians  in  which  the  hind  foot  was  much  larger 
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than  the  fore  foot,  some  of  those  of  the  hind  foot  having  a  length 
of  eight  inches.  The  absence  of  any  known  Dinosaurians  from 
the  Bunter  is  strongly  in  favour  of  the  Labyrinthodont  nature  of 
these  tracks ;  and  it  has  been  suggested  that  those  described  as 
Chirosauriis  Barthi  were  made  by  Trematosaurus  Brauni  of  the 
Bunter,  the  skull  of  which  has  a  length  of  eight  inches.  If  this 
should  prove  to  be  the  case,  the  name  Trematosaurus  would  have 
to  yield  to  the  earlier  Chirosatirus.  The  largest  tracks  from  the 
Keuper  of  Cheshire  have  been  described  as  C.  Herculis.  Other 
tracks  of  feet  from  the  Permian  and  Trias,  which  may  be  of  Laby- 
rinthodont origin,  have  been  described  under  distinct  names  which 
it  will  be  unnecessary  to  quote. 

Order  II.  Apoda. — The  remarkable  limbless  Csecilians  being 
unknown  in  a  fossil  state  require  no  further  mention. 

Order  III.  Caudata. — In  this  order  the  body  is  elongate,  and 
either  lacertiform  or  anguiform,  with  a  tail,  and  usually  with  two, 
but  occasionally  only  one,  pairs  of  limbs.  The  cranium  lacks  the 
postorbital,  supratemporal,  and  supraoccipital  bones  of  the  Labyrin- 


!•  'g.  97>.    Outlines  of  Siren  (a),  Amfihiuvm  (d).  and  Meuobranchus  (c).  Reduced. 

(After  Mivart.) 

ln?nhi/"1  ^he  palatines  are  approximated  to  the  middle  line, 
Sort^an  ,        k"!,"^  '°       ^^"^^'''^        pterygoids.    The  ribs  are 
Sous     TK  ^^"^br^  are  either  amphi-  or  opistho- 

short  ribs  ^"  '"^^  the  skull  and  the 

grouDs    h,,^        Protritonidce  suggests  an  affinity  between  the  two 
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Family  Hyl^obatrachid^. — This  family  is  formed  for  the 


Fic  072  —  \nterior  part  of  the  skeleton  of  Mcgalobatracltus  Sclicuchzcri  ;  from  the 
*=' ^1  '    '  Upper  Miocene  of  Switzerland.  Reduced. 

reception  of  Hylaobatrachus,  from  the  Wealden  of  Belgium,  which 
appears  to  be  an  ancestral  form  allied  to  the  Froteidce,  but  distm- 
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guished  by  the  presence  of  a  maxilla,  and  of  five  digits  to  the 
feet. 

Families  Sirenid^  and  Proteid^e. — Siren  (fig.  971,  a)  and 
Proteus,  together  with  Menobranchus  (ibid.,  c)  are  characterised  by 
the  persistent  gills,  the  absence  of  maxillse,  the  amphicoelous  verte- 
brae, and  the  reduction  of  the  number  of  the  digits  below  five  ;  Siren 
differing  from  the  other  two  by  the  absence  of  pelvic  limbs.  No 
fossil  representatives  are  known. 

Family  Amphiumid^. — In  this  family  the  gills  are  shed,  and 
maxillse  are  present ;  but  it  agrees  with  the  two  last  in  the  amphi- 
coelous vertebrae,  the  cartilaginous  carpus  and  tarsus,  and  the  ab- 
sence of  eyelids.  In  the  typical  North  American  genus  Amphiuma 
(fig.  971,  b)  the  body  is  much  elongated,  and  the  limbs  are  very 
short.  Another  American  genus  is  Menopoma,  allied  to  which  is 
Megalobatrachus  {Cryptobranchus  or  Sieboldid),  typically  represented 
by  the  Gigantic  Salamander  {M.  maximus)  of  China  and  Japan,  and 
in  which  we  may  probably  include  the  large  Salamander  (fig.  972) 
from  the  Upper  Miocene  of  Switzerland,  originally  regarded  as 
human,  and  subsequently  described  under  the  name  of  Andrias. 

Family  Salamandrid^e. — The  true  Salamanders  lose  their  gills, 
although  there  are  instances,  as  in  Amblystoma  (Siredon),  where 
they  persist  in  some  individuals.  Eyelids  are  present ;  the  vertebrae 
are  generally  opisthocoelous ;  and  the  carpus  and  tarsus  more  or  less 
ossified.  This  family  is  now  represented  in  Europe  by  the  Sala- 
manders {Salafnandra)  and  Newts  {Molge  or  Triton).  In  a  fossil 
state  the  existing  Molge  cristata  (fig.  973)  occurs  in  the  Norfolk 


Fig-  973.— The  Crested  Newt  {Molge  cristata). 


Forest-bed,  and  representatives  of  this  genus  have  also  been  recorded 
from  the  Middle  and  Lower  Miocene  of  the  Continent.  The  latter 
deposits  have  also  yielded  remains  referred  to  Salamandra,  while  the 
name  Chelotriton  has  been  applied  to  an  imperfectly  known  form  from 
he  Lower  Miocene  of  St  Gerand-le-Puy,  in  Allien  Heliarchon,  from 
ne  corresponding  strata  of  Rott,  near  Bonn,  is  allied  to  Salamandra, 
ina  may  not  improbably  be  identical  with  Chelotriton.  Megalo- 
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triton  is  a  large  form  from  the  Upper  Eocene  Phosphorites  of 
Central  France. 

Order  IV.  Ecaudata. — The  Frogs  and  Toads  form  a  highly 
specialised  order  of  comparatively  late  origin.  In  the  adult  the 
body  is  short,  destitute  of  a  tail,  and  furnished  with  four  limbs,  of 


jr;„  074.— A,  Skeleton  of  the  Frog  (^Rana  temporarid)  :  tr.  Transverse  processes  of  vertebra  ; 
sa  Sacrum  -  ar,  Urostyle  ;  i,  Ilium;  s,  Suprascapula  ;  b,  Humerus;  ab,  Radius  and  ulna  ;  c. 
Carous  •  i  Pollex  ;  /,  Femur  ;  cr,  Tibia  and  fibula  ;  ca,  Calcaneo-astragalus  ;  ta,  Tarsus  ;  sp, 
Prohaiu'ix?  B,  Pectoral  arch  and  sternum  of  Frog  (after  Gegenbaur).  The  dotted  parts  represent 
cartilages  e  Episternum  ;  o,  Omosternum  ;  Body  of  the  sternum ;  x,  Xiphisternum  ;  si , 
Suprascapula ;  sc.  Scapula  ;  cl,  Precoracoid  ;  co,  Coracoid  ;  s,  Epicoracoid. 

which  the  pelvic  pair  is  the  longer,  and  adapted  for  leaping.  There 
are  no  gills.  The  skull  is  short  and  wide,  with  enormous  orbits, 
and  the  parietals  confluent  with  the  frontals.  A  peculiar  ossification 
known  as  the  girdle-bone  encircles  the  skull  in  the  ethmoidal  region, 
and  there  is  a  predentary  ossification  in  the  mandible.    The  pre- 
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sacral  vertebras  are  few  in  number,  and  generally  proccelous ;  there 
is  but  one  vertebra  in  the  sacrum  ;  the  vertebral  column  terminates 
in  a  long  urostyle  (fig.  974,  ur),  and  there  are  usually  no  separate 
ribs.  The  ilia  (/)  are  prolonged  backwards,  so  as  to  throw  the 
acetabulum  far  behind  the  sacrum ;  the  radius  and  ulna  {ab),  and 
the  tibia  and  fibula  {cr)  are  respectively  fused  together ;  and  the  cal- 
caneum  and  astragalus  {cd)  greatly  elongated.  There  are  five  digits 
in  each  foot,  with  an  additional  ossicle  isp)  in  the  pes  which 
apparently  represents  a  prohallux. 

According  to  the  presence  or  absence  of  the  tongue  this  order  is 
divided  into  the  suborders  Phaneroglossa  and  Aglossa;  the  latter 
containing  only  the  two  families  Dadylethridce  and  Pipida.  The 
Phaneroglossa  are  subdivided  into  the  Firmisternine  and  Arciferine 
series ;  the  former  characterised  by  the  epicoracoids  forming  a  band 
connecting  the  coracoids  (fig.  974,  b),  and  the  latter  by  the  over- 
lapping of  the  epicoracoids.  Since  fossil  forms  are  but  very  imper- 
fectly known,  only  brief  mention  will  be  made  of  those  families 
which  have  fossil  representatives. 

Family  Discoglossid^e. — Commencing  with  the  Arciferine  series 
of  the  Phaneroglossa  the  present  family  is  distinguished  from  those 
that  follow,  and  thereby  approximates  to  the  Newts,  in  having  opis- 
thocoelous  vertebrse  and  rudimentary  ribs.  The  European  genus 
Bombinator  is  probably  represented  in  the  Upper  Miocene  of  Swit- 
zerland ;  although  some  writers  have  referred  the  fossil  species  to  a 
distinct  genus  under  the  name  of  Pelophilus.  Opisthoccelous  ver- 
tebrae from  the  Middle  Miocene  of  Sausan,  in  Gers,  may  belong 
either  to  Bombinator  or  to  the  other  existing  European  genus  Alytes. 
Bufavus,  from  the  Middle  Tertiary  of  Italy,  is  said  to  present  many 
affinities  to  the  present  family,  but  in  the  absence  of  ribs  approxi- 
mates to  the  one  that  follows. 

Family  Pelobatid^. — This  small  family  is  characterised  by  the 
presence  of  teeth  in  the  upper  jaw ;  the  absence  of  ribs ;  and  the  un- 
expanded  extremity  of  the  sacral  rib.  The  vertebrae  are  usually  pro- 
ccelous, although  occasionally  opisthoccelous.  The  existing  genus 
Pelobates  occurs  in  the  Miocene  of  Sausan,  while  the  imperfectly 
known  Protopelobates,  from  the  Miocene  of  Bohemia,  may  belong 
either  to  this  or  the  next  family. 

Family  Pal^obatrachid^.— This  extinct  family  has  teeth  in  the 
upper  jaw ;  no  ribs ;  expanded  ribs  to  the  sacral  vertebra ;  and  pro- 
ccelous vertebra.  The  single  genus  Palaobatrachus  {Probatrachus) 
IS  now  known  to  have  been  widely  distributed  over  the  Continent 
des"ribed^  Lower  Miocene ;  more  than  a  dozen  species  having  been 

Family  Bufonid^.— The  true  Toads  are  characterised  by  the 
total  absence  of  teeth  and  dorsal  ribs ;  the  expanded  extremities  of 
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the  ribs  of  the  sacral  vertebra ;  and  the  procoelous  vertebrae.  Of 
the  type  genus  Bufo  existing  species  occur  in  the  European  and 
Indian  Pleistocene.  B.  Gessneri,  of  the  Upper  Miocene  of  Switzer- 
land, appears  closely  allied  to  the  living  £.  viridis,  although,  to- 
gether with  another  species  from  the  same  beds,  it  has  been  made 
the  type  of  PalcBophrynus.  Dr  Filhol  records  the  type  genus  from 
the  Upper  Eocene  Phosphorites  of  France. 

Family  Cystignathid^. — This  family  represents  the  Frogs  in 
Tropical  America  and  Australia.  The  huge  Ceratophrys  cornuta,  or 
Horned  Frog  of  Brazil,  occurs  in  the  cave-deposits  of  that  country ; 
while  Latonia,  of  the  Swiss  Miocene,  appears  to  be  a  closely  allied 
if  not  identical  genus,  characterised  by  the  smaller  head,  more 
slender  pelvis,  shorter  manus,  and  longer  pes.  A  somewhat  similar 
instance  of  distribution  occurs  in  the  case  of  the  Chelonian  Chely- 
dra.  The  cave-deposits  of  Brazil  have  also  yielded  remains  of  the 
existing  Leptodadylus  petiiadactylus. 

Family  Ranid^e. — In  the  Firmisternine  series  the  True  Frogs 
have  teeth  in  the  upper  jaw,  and  the  extremities  of  the  sacral  ribs 
are  not  expanded.  Rana  is  represented  by  existing  species  in  the 
Norfolk  Forest-bed,  and  probably  in  the  Pleistocene  of  Sardinia ;  it 
probably  also  occurs  in  the  Miocene  of  Sausan  and  other  places  on 
the  Continent ;  and  has  been  described  from  the  Upper  Eocene 
Phosphorites  of  Central  France,  where  the  one  known  species  seems 
to  be  allied  to  the  Indian  R.  tigrina.  The  Oriental  genus  Oxyglos- 
sus,  in  which  there  are  no  vomerine  teeth,  is  found  in  the  Eocene  of 
Bombay.  Ranavus,  from  the  Middle  Tertiary  of  Italy,  may  perhaps 
belong  to  this  family,  although  it  is  said  to  show  affinity  to  the  Pelo- 
batidcB  ;  and  we  may  here  mention  the  imperfectly  known  Amphi- 
rana,  Batrachus,  and  Protophrynus  of  the  Lower  Miocene  of  France, 
although  their  family  position  may  be  doubtful. 
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CHAPTER  LII. 

CLASS  REPTILIA. 

General  Structure. 

With  the  Reptiles  we  enter  upon  the  consideration  of  the  first  of 
two  classes  which,  from  the  possession  of  many  common  characters, 
have  been  brigaded  together  by  Professor  Huxley  under  the  name 
of  Sauropsida.  The  name  Monocondylia  had,  however,  been  pre- 
viously proposed  by  Hseckel  for  these  two  classes,  and  some  writers 
consequently  prefer  to  use  this  term.  These  two  classes  are  the 
Reptiha  and  the  Aves,  or  Birds ;  and  although  recent  research  has 
shown  the  existence  of  a  close  affinity  between  the  more  generalised 
Reptilia  and  the  Amphibia,  and  thus  with  the  Mammalia,  yet  it  has 
in  no  wise  tended  to  interfere  with  this  association.  It  should,  how- 
ever, be  observed  that  since  it  is  probable  the  Reptiles  have  taken 
origin  from  forms  more  or  less  nearly  allied  to  some  of  the  earlier  Am- 
phibia, with  which  we  are  at  present  acquainted,  it  is  obvious  that 
there  must  once  have  existed  animals  in  which  the  characteristic  fea- 
tures of  the  true  Amphibia  and  the  Reptiha  were  more  or  less  blended, 
and  that  the  practicability  of  drawing  a  distinction  between  the  two 
classes  is  thus  (as  in  other  cases)  more  or  less  due  to  the  imperfec- 
tion of  our  knowledge.  With  this  proviso,  and  bearing  in  mind  that 
some  of  the  more  generalised  forms  with  which  we  are  even  now 
acquainted  may  not  conform  in  every  detail  with  the  undermentioned 
characters,  the  Reptilia  as  a  whole,  together  with  the  Birds,  may  be 
distinguished  from  the  preceding  classes  on  the  one  hand,  and  from 
the  Mammalia  on  the  other,  by  the  following  features. 

Epidermal  structures  in  the  form  of  scales  or  feathers  are  gener- 
ally present,  but  there  are  never  hairs.  The  vertebra,  which  are 
ossified,  usually  have  no  epiphyses.^    The  basioccipital,  with  one 

1  These  are  present  in  some  of  the  Sauropterygia  among  Reptiles,  and  in 
Parrots  among  Birds. 
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or  two  exceptions,  is  completely  ossified ;  and,  in  conjunction  with 
the  exoccipitals,  forms  the  single  occipital  condyle  by  which  the 
cranium  articulates  with  the  atlas  vertebra.  In  the  adult  there  is, 
as  a  rule,  no  distinct  parasphenoid  ^  on  the  base  of  the  skull.  The 
mandibular  rami  respectively  consist  of  an  articular  cartilage-bone  and 
of  several  membrane-bones  ;  the  articular  bone  being  connected  with 
the  squamosal  of  the  cranium  by  a  quadrate.  The  apparent  ankle- 
joint,  in  all  existing  forms,  is  situated  between  the  proximal  and 
distal  rows  of  the  tarsus ;  and  not,  as  in  the  Mammalia,  between 
the  tibia  and  astragalus.  Gills  are  never  developed  during  any 
period  of  life ;  the  embryo  is  provided  with  an  amnion  and  an 
allantois  ;  and  there  are  no  mammary  glands.  As  the  palaeontologist 
will  not  have  to  deal  with  the  other  distinctive  features  derived  from 
the  soft  parts,  it  will  not  be  necessary  to  refer  to  them  in  this  work. 

Regarding  the  features  of  Reptiles  as  distinct  from  Birds,  the 
approximation  between  the  two  classes  is  so  close  that  it  is  difficult 
to  give  any  very  clear  diagnosis.  In  the  present  class,  however,  the 
epidermal  structures  take  the  form  of  overlapping  horny  scales 
(Squamata),  or  of  shields  with  their  edges  in  apposition  (Chelonia) ; 
while  dermal  bony  scutes  are  very  frequently  developed.  The  ver- 
tebra may  be  amphicoelous,  opisthocoelous,  or  procoelous ;  but  the 
centra  of  the  cervicals  do  not  have  cylindroidal  and  saddle-shaped 
articular  surfaces.  The  sacral  vertebrae,  when  present,  have  broad 
expanded  ribs  for  articulation  with  the  ilia.  The  sternum  in  exist- 
ing forms  is  rhomboidal ;  and  the  ribs  may  be  attached  to  it  by  a 
backward  median  process,  or  processes.  The  interclavicle  is  never 
fused  with  the  clavicles.  There  are  more  than  three  digits  in  the 
manus ;  and  never  less  than  three  in  the  pes.  Except  in  the  Thero- 
morous  branch,  the  three  elements  of  the  pelvis  as  a  rule 
remam  distinct ;  2  and  there  is  apparently  no  known  instance  except 
one  which  may  probably  be  regarded  as  a  pathological  peculiarity, 
ot  the  fusion  of  the  metatarsals,  or  of  their  union  with  the  distal  row 
ot  the  tarsus.  In  all  living  Reptiles  there  is  both  a  right  and  a  left 
aortic  arch;  the  arterial  and  venous  circulations  are  at  best  but  im- 
perfecdy  separated ;  and  the  blood  is  cold. 

Since  the  various  orders  of  Reptiles  differ  so  greatly  from  one 
another  in  structure  it  will  be  advisable  to  make  most  of  our  obser- 
vations on  their  osteology  under  those  several  headings.    As  a  rule 
however  the  bones  of  the  cranium  retain  the  general  arrangement 
no  Z  the  Amphibia;  there  being  distinct  postorbital  or 

postf  ontal  ossifications  ;  usually  either  one  or  two  temporal  arcades; 
ana  distinct  post-,  supra-,  and  infratemporal  fossae,  as  defined  in  the 

'  ThevTre"E'h'''l        *.'"^^one  may  be  present  in  FaMa((eria. 
MiohuZ.       ""^^y'°^=d  in  TesUcdo  atlas  of  the  Indian  Siwaliks,  and  also  in 

VOL.  II. 
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introductory  chapter  (p.  904).    The  bones  of  the  skull  are  of  a 
dense  ivory-like  structure,  and  in  most  cases  their  sutures  persist ; 
although  in  certain  groups  the  premaxillae,  frontals,  and  parietals 
may  respectively  unite.    A  new  element — the  transverse^  or  trans- 
palatine^  bone  (fig.  1089,  Ts^ — connecting  the  maxilla  with  the 
pterygoid,  appears  j  but  this  is  absent  in  the  Chelonia  and  some 
Ophidia.    An  epipterygoid,  or  columella,  connecting  the  pterygoid 
with  the  parietals,  may  also  be  present.    A  parietal  foramen  may  or 
may  not  be  present ;  and  the  occipital  condyle  is  usually  placed  at 
the  hinder  extremity  of  the  cranium.    The  apertures  of  the  external 
nares  may  be  terminal,  as  in  the  Amphibia,  or  approximated  to  the 
orbits,  as  in  the  Birds  ;  and  the  bones  of  the  palate  may  develop 
a  floor  underlying  the  narial  passage  and  thus  cutting  it  off  from  the 
mouth.     As  a  general  rule  the  mandibular  symphysis  is  not  an- 
chylosed ;  but  this  takes  place  in  the  Chelonia  and  Ornithosauria. 
The  quadrate  may  be  either  loosely  or  immovably  attached  to  the 
cranium. 

The  dentition  is  usually  well  developed,  and  the  teeth  of  different 
parts  of  the  jaws  are  occasionally  more  or  less  differentiated  ;  although 
there  is  no  known  instance  where  they  are  implanted  by  double  roots, 
or  where  their  crowns  have  deep  infoldings  of  enamel.  They  may  be 
present  not  only  in  the  jaws,  but  also  upon  the  palatine,  pterygoid, 
and  more  rarely  the  vomer.  In  other  instances,  however,  teeth  may 
be  entirely  wanting,  and  the  jaws  simply  ensheathed  in  horn.  The 
teeth  may  be  anchylosed  to  the  outer  side  of  the  jaws,  when  the 
dentition  is  termed  pleurodont  (fig.  975) ;  or  to  their  summits,  when 

the  term  acrodont  is  ap- 
plied ;  or  they  may  be 
set  in  a  groove,  with  or 
without   anchylosis  to 
the  bone;  or,  finally, 
they  may  be  placed  in 
distinct  sockets,  when 
the  dentition  is  said  to 
be  thecodont.    The  teeth  on  the  palate  are  generally  anchylosed  to  the 
subjacent  bones.    There  is  usually  a  continuous  succession  of  teeth 
developed  throughout  life ;  the  new  teeth  coming  up  beneath  those 
in  use  and  absorbing  the  base  of  the  crown,  as  is  shown  m  the  teeth 
of  the  Gharial  represented  in  fig.  1090.     In  shape  the  teeth  ot 
Reptiles  present  great  variation ;  but  a  very  common  type,  from 
which  many  of  the  variations  are  derived,  consists  of  a  more  or  less 
laterally-compressed  and  recurved  cone,  with  fore-and-aft  cutting 
edges,  or  carince,  which  may  or  may  not  be  serrated  (fig.  976)-  Oc- 
casionally, however,  the  teeth  of  the  jaws  or  those  of  the  palate 
may  have  nearly  flat  crowns  adapted  for  crushmg  (fig.  986). 


Fig.  975.— Inner  view  of  the  left  ramus  of  the  mandible  of 
Iguana. 
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_  Fig.  976.  —  Profile  and  lateral 
views  of  the  crown  of  a  tooth  of  a 
Dinosaur  {Massospondylus),  with 
the  marginal  serrations  magnified  ; 
from  the  Mesozoic  of  India. 


When  both  pairs  of  limbs  are  present  the  vertebral  column 
differentiated  into  cervical,  dorsal,  lumbar,  sacral,  and  caudal 
regions ;  and  the  vertebrse  themselves  are 
invariably  ossified,  although  in  some  prim- 
itive types  a  small  notochordal  canal  may 
perforate  their  centra.    In  a  large  number 
of  existing  forms  the  majority  of  the  centra 
are  procoelous  ;  but  they  are  amphicoelous 
in  many  fossil  and  a  few  existing  types ; 
while  among  the  Dinosauria  and  Chelonia 
an  opisthocoelous  type  is  common  in  parts 
of  the  series.    In  all  cases  there  is  an  in- 
tercentrum  between  the  skull  and  the  atlas ; 
which  may  either  form  the  inferior  ring  of 
the  latter,  or,  when  the  centrum  of  the  atlas  is  separate  (Ichthyoptery- 
gia),  may  be  of  the  normal  wedge-like  form.    In  some  groups  addi- 
tional articulations  may  be  developed  on  the  arches  of  the  trunk  verte- 
brae, taking  the  form  of  a  wedge-shaped  process,  or  zygosphene,  fitting 
into  a  corresponding  cavity,  or  sygantru7n  (fig.  977).    The  transverse 
processes  of  the  dorsal  verte- 
bras may  be  either  long  (fig. 
1058)  or  very   short  (fig. 
977)  J  and  the  ribs  may  ar- 
ticulate either  by  a  single 
head   with  the  transverse 
process,  or  by  two  heads 
to  different  portions  of  the 
same  process,  or  by  one  ar- 
ticulation to  the  latter  and 
by  another  to  a  facet  on  the  arch  or  the  centrum ;  there  being  great 
variation  as  to  the  position  of  the  transverse  processes  and  rib-facets 
in  different  groups,  and  also  in  the  different  parts  of  the  column  of 
a  single  animal.    Occasionally  the  ribs  articulate  at  the  junction  of 
two  vertebrae.    Chevron-bones  are  generally  present  in  the  tail ;  and 
intercentra  may  be  retained.    No  living  Reptile  with  limbs  has  less 
than  two  sacral  vertebrae,  and  in  certain  extinct  forms  the  number 
may  be  increased  to  five  or  six.    In  nearly  all  Reptiles  the  tail  is 
well  developed.    The  ribs  may  have  uncinate  processes.    In  many 
existmg  forms  the  sternum,  which  may  be  ossified,  is  rhomboidal, 
and  may  have  the  last  pair  of  ribs  attached  to  a  backward  median 
process.    Its  structure  in  many  fossil  groups  is  not  known,  but 
accordmg  to  Professor  Marsh's  interpretation  some  of  the  Dino- 
saurs had  paired  sternal  ossifications,  corresponding  to  the  two 
centres  from  which  the  sternum  develops  in  the  Ratite  Birds 
Abdommal  ribs  may  be  developed  in  the  parietes  of  the  ventral 


B 


Fig.  977.— Posterior  (a)  and  haemal  (b)  aspects  of  a 
dorsal  vertebra  of  a  Snake.  The  cavities  in  A  on  the 
sides  of  the  neural  canal  are  the  zygantra. 
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surface  of  the  abdomen,  and  consist  of  a  median  and  two  lateral 
moieties. 

In  the  pectoral  girdle  the  scapula  is  generally  a  more  or  less 
elongated  bone,  with  an  expansion  at  its  glenoidal  extremity.  A 
separately  ossified  precoracoid  exists  only  in  the  Anomodonts  (fig. 
978  bis),  this  bone  being  in  other  cases  fused  either  with  the 
scapula,  as  in  the  Chelonia  (fig.  1008),  or  with  the  coracoid,  as  in 
Lizards  (fig.  830) ;  the  fontanelle  which  frequently  occurs  in  the  " 
latter  instances  apparently  marking  the  original  line  of  separation 
of  the  two  bones.  The  coracoid  may  vary  in  shape  from  a  long 
spatulate  form  (Chelonia)  to  that  of  a  cheese-cutter  (Dinosauria). 

The  humerus  has  in  many  cases  no  distinct  distal  condyles 
(trochlea),  although  these  are  well  developed  in  the  Anomodonts, 
Lizards,  and  Sphenodon.   In  the  more  generalised  types  there  is  fre- 
quently an  entepicondylar  foramen  to  this  bone,  but  in  the  Lizards 
and  Chelonians  the  foramen  or  groove  is  ectepicondylar ;  and  in  a 
few  instances  both  foramina  are  present.    The  radius  and  ulna 
always  remain  distinct.    The  number  of  bones  in  the  carpus  varies 
considerably  in  the  different  orders,  but  in  Sphenodo7i  alone  among 
existing  forms  is  there  more  than  a  single  centrale ;  the  five  distal 
bones  (carpalia)  may  be  all  distinct  from  one  another  (fig.  829).  In 
the  pelvis  of  the  majority  of  reptiles,  the  ilium  is  produced  more 
behind  than  in  front  of  the  acetabulum  (fig.  831),  and  the  latter  is 
more  or  less  completely  closed  by  bone;  while  the  pubis  (fig.  831) 
is  directed  downwards  and  forwards,  and,  like  the  ischium,  usually 
meets  its  fellow  in  a  ventral  symphysis.    Among  the  Dinosaurians, 
however,  the  pelvis  may  be  of  a  Bird-like  type,  when  the  pubes  do 
not  form  a  symphysis.    Usually  the  obturator  interval  forms  an 
open  notch ;  but  by  the  ventral  union  of  the  pubis  and  ischmm  of 
the  same  side  this  notch  may  be  converted  into  a  foramen.  The 
femur  among  the  Dinosaurs  may  develop  an  inner  trochanter ;  and, 
except  in  some  Ornithosauria,  the  fibula  always  remams  distmct 
from  the  tibia.    As  in  the  carpus,  the  elements  of  the  tarsus  vary 
considerably  in  the  different  groups,  but  the  centrale  (navicular)  is 
only  present  in  the  Anomodontia,  the  Proterosauria  (according  to 
Professor  Seeley),  one  family  of  Chelonians,  and  the  Ichthyo- 
pterygia  ;  while,  with  the  exception  of  a  few  extinct  types  and  perhaps 
S.e  existing  Chelonia,  the  fourth  and  fifth  tarsa lia  in  aHand  forms 
coalesce  into  a  single  bone,  which  supports  the  fourth  and  fifth 
nSatrsals.     In  certain  groups-such  as  the  Anomodontia  and 
many  of  the  Chelonia  (fig.  82  9)-the  number  of  phalangeals  in  the 
feet  of  pentedactylate  forms  may  be  the  same  as  in  Mammals,  or 
'    ,  °  \  ^_the  digits  being  reckoned  from  the  first  to  the  fifth. 
;!:iz';rl;,'however,:nd  their  allies  the  number  of  phalange^^^^^^^ 
usually  2,  3,  4,  5.  3  i"  the  manus,  and  2,  3,  4,  5,  4  m  the  pes. 
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The  same  numbers  obtain  in  some  Dinosauria ;  but  in  existing 
Crocodilia,  in  which  the  fifth  digit  of  the  pes  is  aborted,  the 
numbers  are  2,  3,  4,  4,  3  and  2,  3,  4,  4.  Among  the  Sauro- 
pterygia  and  in  the  Ichthyopterygia  the  number  of  phalangeals  is 
greatly  increased.  In  a  large  number  of  forms  the  tail  is  long ; 
but  it  is  generally  short  in  the  Anomodontia,  Sauropterygia,  and 
Chelonia. 

As  regards  the  classification  of  Reptiles,  scarcely  any  two  WTiters 
agree  as  to  the  number  of  orders  into  which  the  class  should  be 
divided,  and  still  less  as  to  their  mutual  relations,  and  the  larger 
groups  under  which  these  orders  may  be  arranged.  There  is  indeed 
but  little  difiSculty  in  regard  to  existing  forms,  in  which  the  few 
orders  have  become  more  or  less  sharply  differentiated ;  but  when 
we  go  back  to  the  early  part  of  the  Mesozoic  epoch,  we  find  that 
nearly  all  the  orders  into  which  the  class  has  been  divided  show 
such  signs  of  passing  more  or  less  completely  into  one  another,  that 
it  is  quite  impossible  to  exhibit  their  true  relationship  by  any  system 
of  linear  classification.  The  best  arrangement  seems,  therefore,  to 
group  the  orders  under  a  series  of  diverging  branches,  which  will 

approximate  to  one  another  more  and  more  as  we  recede  in  time  

until,  about  the  epoch  of  the  Lower  Permian  or  possibly  the  Carbon- 
iferous, it  is  probable  that,  if  we  knew  all  the  extinct  forms,  these 
branches  would  be  seen  to  originate  either  from  one,  or  from  but  very 
few  parent  stems.  In  regard  to  the  number  of  these  branches,  there 
IS  still  room  for  a  considerable  amount  of  discussion ;  almost  the 
only  absolutely  sure  ground  that  we  can  feel  being  the  association  of 
the  three  orders  forming  the  Archosaurian  branch.  To  a  less  extent 
the  same  remark  applies  to  the  orders  themselves  ;  and  the  right  to 
ordmal  distinction  of  the  Proterosauria  is  not  admitted  by  many 
writers,  while  there  is  not  perfect  accord  in  regard  to  that  of  the 
Rhynchocephalia.  The  provisional  arrangement  which  is  adopted 
in  this  work  IS  a  modification  of  one  recently  proposed  by  Dr  G. 
Bam,  of  New  Haven,  and  may  be  tabulated  as  follows,  viz.  :— 

Theromorous  Branch.        Order  i.  Anomodontia. 

Syiiaptosaurian      „           /  "  2.  Sauropterygia. 

i  ri  3.  Chelonia. 

r  ti  4.  Ichthyopterygia. 

Streptostylic          „          J  "  5-  Proterosauria. 

j  11  6.  Rhynchocephalia. 

I  11  7.  Squamata. 

^„,7         .                      f  11  8.  Dinosauria. 

Archosannan        „  „  9.  Crocodilia. 

I    11    10.  Ornithosauria. 

prerenterl'b'^f^'^  '^'r  approximation  to  the  Amphibia 

presented  by  the  earlier  members  of  several  of  these  branches 
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suggests  the  idea  that  Reptiles  may  have  been  derived  from  the 
Amphibians  by  more  than  one  Une  of  descent. 

The  Reptiles  in  the  passage  of  time  have  suffered  more  severely 
than  any  other  class  of  the  Vertebrata,  only  four  of  the  above-men- 
tioned ordinal  groups — viz.,  the  Chelonia,  Rhynchocephalia,  Squa- 
mata,  and  Crocodilia — now  existing ;  and  the  second  of  these  being 
represented  only  by  a  single  genus  with  two  species.    There  is  some 
doubt  as  to  the  earliest  known  appearance  of  the  class,  since  it  has 
been  thought  that  Mesosaurus  {Stereo stermmi)  may  be  of  Carbon- 
iferous age,  but  it  is  more  probably  Permian.    In  undoubted  Per- 
mian we  have  the  Proterosauria,  many  of  the  European  Anomo- 
donts,  and   the   Rhynchocephalian  genus  Palaohatteria ;  while 
many  of  the  American  Anomodontia  occur  in  strata  which  are 
referred  by  the  Transatlantic  geologists   to  that  period.  With 
the  advent  of  the  Trias  we  find  all  the  orders,  with  the  exception 
of  the  Ornithosauria  and  Squamata,  more  or  less  fully  represented. 
And  while  the  former  order  makes  its  appearance  in  the  succeed- 
ing Lias,  we  have  at  present  no  traces  of  the  latter  till  the  topmost 
Jurassic.    The  class  reached,  however,  its  zenith  of  development 
in   the  Jurassic  and   Cretaceous  epochs;  the  greatest  number 
of  huge  aberrant  forms  being  characteristic  of  the  later  part  of 
the  former  and  the  earlier  part  of  the  latter  epoch.    Although  the 
one  existing  Rhynchocephalian  genus  is  closely  allied  to  Tnassic 
forms,  yet  we  have  no  instance  among  Reptiles  of  the  existence  of 
a  genus  right  up  from  that  period  to  the  present  day,  as  we  have  in 
Ceratodus  among  the  Pisces,  thus  indicating  that  the  higher  we 
ascend  in  the  scale  of  organisation,  the  more  rapid  is  the  change 
of  types— the  same  law  being  exemplified  by  the  occurrence  of  ex- 
isting species  of  Reptiles  among  the  totally  extinct  Mammals  of  the 
Indian  SiwaUks. 
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CHAPTER  LIII. 


CLA  SS  REP TILI A— continued. 


Orbers  Anomodontia,  Sauropterygia,  and  Chelonia. 


Theromorous  Branch.  —  The  Reptiles  included  in  this  branch 
or  alliance  may,  for  the  present  at  least,  be  arranged  in  a  single  order, 
although  some  writers  would  prefer  to  regard  the  suborders  into 
which  this  order  is  here  divided  as  of  ordinal  importance.  The 
most  remarkable  features  found  in  this  order  are  the  resemblance  on 
the  one  hand  to  the  Labyrinthodont  Amphibia,  and  on  the  other  to 
the  Monotreme  Mammals. 

Order  I.  Anomodontia. — This  order,  which  is  equivalent  to  the 
Theromora  (Theromorpha)  of  Professor 
Cope,  presents  the  following  characteristic 
features.  The  body  is  lacertiform,  and 
the  limbs  are  adapted  for  walking.  The 
skull  is  comparatively  short,  with  a  fixed 
quadrate,  a  parietal  foramen,  either  one 
or  two  temporal  arcades,  and  large  nasals  ; 
in  the  palate  the  pterygoids  meet  together 
in  front  of  the  basisphenoid,  which  they 
also  join,  but  diverge  anteriorly ;  while  the 
palatines  are  generally  small,  and  placed 
internally  to  the  pterygoids,  as  in  Mammals. 
When  the  temporal  arcade  consists  of  only 
a  single  chain  of  bones,  it  is  a  squamoso- 
maxillary  one  (p.  904).  The  dentition  is 
thecodont,  but  the  teeth  may  be  anchy- 
losed  to  the  bone.  The  vertebree  have 
amphiccelous  and  in  some  cases  noto- 
chordal  centra;  the  dorsals  carrying  long 
transverse  processes,  and  the  ribs  articulating  by  double  heads  in 
the  anterior  region  of  the  trunk.    As  a  rule  abdominal  ribs  appear 


Fig.  978. — The  palmar  aspect 
of  the  left  humerus  of  Piyclwsi- 
aguin  Miirrayi;  from  the  Karoo 
system  of  South  Africa.  Half 
natural  size,  a,  Entepicondylar 
foramen  with  the  bridge  broken 
away.    (After  Hu.xley.) 


I054 


CLASS  REPTILIA, 


to  be  absent.  An  interclavicle,  clavicles,  and  precoracoids  are  pres- 
ent, and  a  sternum  was  probably  always  developed.  The  scapula 
(fig.  978  bis)  has  an  acromial  process  with  which  the  precoracoid 
articulates.  The  humerus  (figs.  978,  982),  is  characterised  by  its 
well-developed  distal  condyles,  and  the  invariable  presence  of  an 
entepicondylar  foramen  ;  while  its  delto-pectoral  crest  is  generally 
much  developed.     In  the  pelvis  the  pubis  is  placed  entirely  in 

advance  of  the  ischium,  to  which  it  is 
completely  united,  with  the  presence  in 
some  forms  of  a  small  fontanelle  repre- 
senting the  obturator  foramen.  The 
ilium  may  have  almost  its  whole  body 
in  advance  of  the  acetabulum.  The 
tarsus  has  one  centrale ;  and  the  phal- 
angeals of  the  manus  and  pes  are  typi- 
cally 2,  3,  3,  3,  3  in  number,  as  in 
Mammals,  the  whole  structure  of  the 
foot  being  likewise  of  a  Mammalian 
type. 

This  order  appears  to  be  confined  to 
the  Permian  and  Trias.  It  has  been 
considered  that  the  Anomodonts  are 
the  parent  stock  not  only  of  all  other 
Reptiles  (with  the  possible  exception  of 
the  Ichthyopterygia),  but  also  of  all 
Mammals.  Later  researches  do  not, 
however,  altogether  countenance  this 
view,  although  there  can  be  no  doubt 
that  they  are  closely  allied  to  the 
parent  stock  of  Mammals.  Recent 
observations  have  indeed  shown  pretty 
conclusively  that  this  order  is  directly 
descended  from  the  Labyrinthodont 
Amphibians,  and  more  especially  from 

uic  rT...-i.v.6^o^^.   J  ■    Thus  in  the  small  size  or  absence  of  the 

obtiKator  foramen  in  the' pelvis  the  entire  order  shows  most  decided 
affinities  to  that  group ;  while  in  the  small  size  of  the  coracoid  of 
some  forms,  in  the  presence  of  a  distinct  precoracoid  (epicoracoid), 
of  very  distinct  condyles  to  the  humerus,  of  the  centrale  m  the 
tarsus,  and  also  in  the  number  of  phalangeals,  it  has  characters 
common  both  to  the  Labyrinthodonts  and  the  Monotremes,  which 
are  not  found  together  in  any  other  group  of  Reptiles.  These 
three  groups  also  resemble  one  another  in  the  non-development, 
as  a  general  rule,  of  abdominal  ribs ;  while  signs  of  affinity  be- 
tween them  are  shown  by  the  shortness  of  the  tail,  and  the  large 


Fig.  978  bis. — Lateral  aspect  of 
the  cartilage  bones  of  the  right  side 
of  the  pectoral  girdle  of  a  Uicyno- 
dont ;  from  the  Karoo  system  of 
Africa,  sc,  Scapula;  a,  Acromial 
process  of  do. ;  p.cor,  Precoracoid  ; 
cor,  coracoid ;  gl,  Glenoid  cavity. 
Half  natural  size. 


the  Archegosaurian  family. 
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size  of  the  exoccipital  elements  of  the  occipital  condyle  in  the 
present  order.  In  the  presence  of  an  entepicondylar  foramen  to  the 
humerus  the  Anomodonts  agree  with  Rhynchocephalians,  Sauro- 
pterygians,  and  Mammals.  In  many  cases  (fig.  978  bis)  the  precora- 
coid  forms  a  large  plate-like  bone  suturally  united  with  the  whole  of 
the  anterior  border  of  the  coracoid,  and  also  articulating  largely  with 
the  acromial  process  of  the  scapula ;  thus  exhibiting  a  parallelism 
between  the  structure  of  the  pectoral  and  pelvic  girdles  found  in  no 
other  reptiles.  The  above  features,  together  with  certain  points  in 
the  structure  of  the  palate  mentioned  below,  suggest  very  strongly 
the  descent  of  the  Monotreme  Mammals  from  the  same  primitive 
stock  as  that  which  gave  rise  to  the  Anomodonts.  If,  moreover,  Dr 
Baur  is  right  in  considering  that  this  order  does  not  include  the 
direct  ancestors  of  Mammals,  it  would  appear  that  the  development 
of  its  more  specialised  representatives  has  followed  a  course  in  some 
respects  parallel  to  that  of  Mammals. 

Suborder  i.  Pariasauria. — This  suborder  includes  the  most 
generalised  members  of  the  order,  which  make  the  nearest  approach 
to  the  Amphibia.  The  cranium  is  at  once  characterised  by  the 
roofing  over  of  its  postero-lateral  or  quadratic  region,  after  the  Laby- 
rinthodont  manner,  by  the  postorbital,  squamosal,  and  opisthotic 
bones.  Typically  the  palate,  which  approximates  to  an  Amphibian 
type,  and  has  been  compared  to  that  of  Nyrania  (fig.  825),  appar- 
ently has  no  flooring  of  the  nasal  passage  to  form  secondary  posterior 
nares.  The  skull  also  has  two  temporal  arcades,  and  the  external 
surface  of  the  cranial  bones  is  frequently  sculptured,  as  in  the  typical 
Labyrinthodonts.  The  vertebral  centra  retain  a  notochordal  canal ; 
the  number  of  sacral  vertebras  was  limited  to  two,  of  which  only 
one  supports  the  ilium;  and  intercentra  may  be  present.  The 
pelvis  is  of  a  Labyrinthodont  type,  the  ilium  forming  a  triangular 
plate  elongated  in  a  direction  oblique  to  the  axis  of  the  sacrum, 
with  which  It  articulates  obliquely;  and  there  being  no  obturator 
foramen  between  the  pubis  and  ischium.  The  humerus  probably 
belonging  to  this  group  differs  from  that  of  other  Anomodonts  in 
the  slight  expansion  of  the  extremities,  and  in  that  the  lower  aperture 
ot  the  entepicondylar  foramen  opens  on  the  distal  surface  of  the  bone. 

i^AMiLY  Pariasaurid^.— The  type  genus  Fariasaunis  occurs  in 
the  Beaufort  beds  of  the  Karoo  system  of  South  Africa,  of  which  the 
vertebrate  fauna  presents  a  Triassic  facies.    The  best  known  species 
bomhdens)  attains  the  dimensions  of  a  large  crocodile ;  and,  with 
he  unfortunate  exception  of  the  limbs,  the  entire  skeleton  is  known, 
srlr"'  ^"^^^t^^ibed  by  Professor  Seeley.    In  addition  to  the 

Lahv?TK°'l    '  °^  '^^^o"^  ^'-^"'-^Is.  like  those  of  the 

i^abyr  nthodonts,  are  also  present.  The  teeth  are  of  uniform  size, 
and,  although  anchylosed  to  the  bone,  are  set  in  distinct  sockets 
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and  were  replaced  after  the  Crocodilian  manner ;  their  crowns  being 
somewhat  compressed  and  grooved.  The  premaxillse  appear  to 
have  been  small,  as  in  the  Amphibia.  There  are  29  vertebrae, 
of  which  18  are  presacral,  and  two  are  anchylosed  together  to 
form  a  sacrum ;  while  wedge-shaped  intercentra  are  also  present. 
The  neural  spines  are  extremely  short,  and  the  centra  of  the  dorsal 
vertebrae  are  very  small  in  proportion  to  their  arches ;  and  only  the 
first  sacral  vertebra  supports  the  ilia  of  the  pelvis.  Small  ribs  are 
present  in  the  caudal  region ;  and  there  was  probably  a  dermal 
armour. 

Professor  Seeley  concludes  that  this  very  remarkable  and  Amphibian- 
like Reptile  is  a  direct  descendant  from  the  Labyrinthodonts  ;  the  chief 
affinities  to  that  group  being  displayed  in  the  characters  of  the  skull ; 
in  the  notochordal  canal,  and  the  large  arches  of  the  yertebrse  ;  in  the 
support  of  the  pelvis  by  a  single  vertebra  ;  as  well  as  in  the  characters 
of  the  pectoral  and  pelvic  girdles.  The  latter  features,  together  with  • 
the  general  structure  of  the  palate,  being  identical  with  those  of  typical 
Anomodonts,  there  appears  every  reason  for  referring  this  family  to  a 
suborder  of  that  group. 

The  genus  Propappiis  is  founded  upon  a  humerus,  from  the 
Karoo  system  of  the  Cape,  of  the  above-mentioned  type,  and  there 
is  no  direct  evidence  of  its  distinctness  from  Pariasaurus.  The 
innominate  bone  referred  to  Dicynodon  leo7iiceps  probably  belongs, 
however,  to  Propappus,  which  may.  thus  be  entitled  to  stand. 
The  pelvis  and  sacrum  described  under  the  name  of  Dicyjiodon 
tigriceps  also  seem  to  indicate  a  member  of  this  suborder,  since  the 
ilium  is  of  the  same  type  as  in  Pariasaurus,  and  is  connected  with 
the  sacrum  by  only  a  single  rib,  while  there  is  no  obturator 
foramen. 

From  the  general  resemblance  of  its  skull  to  that  of  Pariasaurus, 
we  may  refer  to  this  family  the  genus  Anthodon,  of  the  South 
African  Karoo  system,  which,  although  originally  regarded  by  Sir  R. 
Owen  as  a  Dinosaur,  must  be  included  in  the  present  order.  It 
agrees  with  Pariasaurus  in  the  roofing  over  of  the  quadratic  region, 
and  the  continuous  replacement  of  the  teeth,  which  are  in  a  uniform 
series ;  but  differs  in  the  form  of  the  teeth,  which  resemble  those  of 
the  Dinosaurian  Acanthopholis. 

Family  Pariotichid.e.— This  family,  although  agreeing  with  the 
PariasauridcB  in  the  sculptured  cranial  bones  and  the  roofing  over 
of  the  quadratic  region,  differs  in  the  dentition  being  of  a  carni- 
vorous type.  All  the  known  genera  are  from  the  reputed  Permian 
of  North  America ;  and  the  family  is  included  by  Professor  Cope  in 
the  next  suborder.  The  three  genera  are  Parwhchus,  Ectocynodon 
and  Pantylus.  In  Ectocynodon  the  first  premaxiUary  tooth  is  tusk- 
like and  there  is  also  an  enlarged  tooth  m  the  middle  of  the  maxil- 
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lary  series.  The  nostrils  are  large  and  lateral ;  and  at  the  junction 
of  one  of  the  bones  of  the  palate  with  the  maxilla,  the  tooth-bearing 
surface  is  wide,  and  supports  four  parallel  rows  of  small  obtuse  teeth. 
In  Fantylus,  which  was  originally  described  as  a  Labyrinthodont, 
the  teeth  are  more  equal  in  size. 

Suborder  2.  Theriodontia. — This  suborder,  which  is  taken 
(after  Dr  Baur)  to  include  the  Pelycosauria  of  Professor  Cope,  is 
characterised  by  the  absence  of  a  bony  roof  over  the  quadratic 
region  of  the  skull,  and  the  presence  of  only  a  single  wide  temporal 
arch  (fig.  979),  apparently  consisting  of  a  conjoint  squamoso- 
maxillary  •  and  quadrato-maxillary  arcade.  The  mandible  has  no 
lateral  vacuity. 

In  some  cases,  as  in  the  American  forms,  the  vertebrae  are  still 
notochordal ;  intercentra  may  be  developed,  to  which  the  capitular 
heads  of  the  ribs  are  articulated,  and  there  are  not  more  than 
two  or  three  sacral  vertebra.  The  dentition  is  fully  developed.  In 
the  palate  of  the  African  forms  at  least  the  maxillae  develop  palatal 
plates  to  floor  the  nasal  passage,  and  thus  produce  tall  and  nearly 
vertical  posterior  nares,  strikingly  like  those  of  Mammals.  The 
premaxillas  remain  separate. 

In  those  of  the  typical  African  forms  in  which  the  pelvis  is 
known,  the  ilium  is  somewhat  intermediate  between  that  of  the 
Pariasauria  and  Dicynodontia,  having  a  distinct  but  small  obturator 
foramen.  The  humerus  is  usually  more  or  less  of  a  Dicynodont 
type,  having  expanded  extremities,  and  the  entepicondylar  foramen 
with  its  lower  aperture  opening  on  the  palmar  aspect  of  the  bone 
(fig.  982);  there  is  generally  a  marked  thin  flange  on  the  postaxial 
border  opposite  this  foramen  which  does  not  occur  in  the  Dicy- 
nodonts. 

Although  evidently  neariy  related  to  the  Pariasauria  the  present 
group  departs  farther  from  the  Labyrinthodont  type,  as  is  shown  by 
the  loss  of  the  roofing  bones  in  the  quadratic  region,  as  well  as  of 
the  superior  temporal  arcade,  and  by  the  absence  of  sculpture  or 
mucous  canals  on  the  skull.  This  advance  is  also  indicated  by  the 
development  of  secondary  posterior  nares,  by  the  fuller  attachment 
of  the  ilia  to  the  sacrum,  and  the  relatively  larger  centra  of  the 
vertebra  of  the  higher  types ;  as  well  as  by  the  development  of  the 
obturator  foramen  in  the  pelvis. 

Family  Tapinocephalid^.— This  family  may  be  taken  to  in- 
clude two  gigantic  Anomodonts  from  the  Karoo  system  of  the  Cape, 
described  under  the  names  of  Tapinocephalus  and  Titanosuchus. 
ihe  former  is  known  typically  by  the  extremity  of  the  cranium  ;  the 
vertebrje  probably  belonging  to  it  having  short  and  notochordal 
centra.  A  pelvis,  found  in  association  with  some  limb  bones,  has 
Deen  described  under  the  name  of  Phocosaurus,  but  there  is  no 
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evidence  to  show  that  it  does  not  belong  to  Tapinocephalus.  These 
associated  bones  show  that  the  coracoid  was  distinct  from  the 
precoracoid,  and  that  the  short  and  massive  humerus  had  no 
ectepicondylar  foramen.  In  Titanosiichus  the  dentition  (as  was 
probably  the  case  with  Tapi7iocephalus)  was  of  a  carnivorous  type  ; 
the  humerus  is  characterised  by  the  presence  of  an  ectepicondylar 
foramen  (in  addition  to  the  entepicondylar),  which  pierced  right 
through  the  shaft  of  the  bone ;  while  a  bone  incorrectly  described 
as  the  pubis  shows  that  the  precoracoid  was  fused  with  the 
coracoid. 

Family  GALESAURiDiE. — Nearly  the  whole  of  the  typical  Therio- 
dontia  of  Sir  R.  Owen  may  be  provisionally  included  in  this  family , 

since,  although  some 
genera  have  single  and 
others  double  nares,  the 
skulls  of  the  two  types 
so  closely  resemble  one 
another  as  apparently  to 
render  it  impossible  to 
refer  them  to  distinct 

Fig.  979.  -  Left  laieral  aspect  of  ihe  skull  of  G«/Ma«r«^  families.  The  family  is 
ilanicei>s  ;  from  the  Karoo  system  of  South  Africa.  Re-  (-Vinrnrl-pnspd  bv  the 
duced.  Or,  Orbit.  Only  some  of  the  cheek-teeth  are  shown.      CndraCLCObCU       uy  c 

humerus  (when  known) 
being  of  a  more  elongated  type  than  in  the  preceding  family,  and 
by  the  smaller  size  of  its  members  ;  while  the  vertebrae  were  probably 
different  from  those  of  the  latter,  and  had  no  intercentra.  The 
dentition  is  of  a  carnivorous  type,  and  differentiated  into  an  anterior, 
or  incisive,  series  separated  by  one  large  tusk  or  canin  e-like  tooth, 
from  a  lateral  series  of  cheek  (or  molar)  teeth;  thus  simulating  the 
dentition  of  carnivorous  Mammals,  and  more  especially  that  of  the 
polyprotodont  Mesozoic  Marsupials.  There  are  no  teeth  on  the 
palate.  The  majority  of  the  genera  are  from  the  Stormberg  and 
Beaufort  beds  of  the  Karoo  system  of  South  Africa ;  and  we  are 
mainly  indebted  for  our  knowledge  of  the  group  to  the  labours 

of  Sir  R.  Owen.  . 

In  the  type  genus  Gaksaurus,  with  which  Nythosaurus  is  identi- 
cal, the  skull  (fig.  979)  is  much  depressed,  with  the  nares  divided 
by  a  narrow  septum ;  there  are  4  anterior  and  12  cheek-teeth  the 
latter  having  tricuspid  crowns.  In  Lycosaurus  (fig.  980,  a,  c)  we 
have  larger  forms  distinguished  by  the  lateral  compression  of  the 
skull,  the  distinctly  double  nares,  short  mandibular  symphysis,  and 
bv  the  number  of  the  cheek-teeth  being  reduced  to  5  ;  the  develop- 
ment of  the  tusks  being  very  great,  ^lurosmirus,  again,  apjoears 
to  be  a  nearly  allied  but  still  more  specialised  genus,  in  which,  by 
the  reduction  of  the  septum,  the  nares  have  united  to  form  a  single 
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opening.  Cynodraco  (fig.  980,  b)  also  includes  large  forms  with 
greatly  developed  tusks,  having  compressed  crowns  with  serrated 
edges  like  those  of  the  Mammalian  genus  Machcerodus ;  the  nares 
being  divided.  Other  genera  from  the  Karoo  system  showing  the 
latter  feature  are  Cynochampsa,  Cyiiosuchus,  and  Scaloposaurus ;  the 
latter  being  one  of  the  smallest  known  forms.  Tigrisuchus,  again, 
is  distinguished  by  its  single  nares ;  while  Gorgonops,  of  the  same 
deposits,  has  a  narrow  flattened  skull,  with  the  arrangement  of  the 
nares  different  from  that  obtaining  in  all  the  preceding  genera,  and 


Fig.  gSo.— A,  c,  Anterior  and  lateral  views  of  the  skull  of  Lycosannis  ;  B,  Anterior  view  of  the 
skull  of  Cynodraco  ;  from  the  Karoo  system  of  South  Africa.  Reduced,  c  indicates  the  tusk- 
uke  (canine)  teeth.    (After  Owen.) 


may  indicate  a  distinct  family.  Deuterosaurus  and  other  forms 
from  the  Permian  of  Russia,  which  are  included  by  Sir  R.  Owen  in 
the  typical  Theriodontia,  are  noticed  below. 

Family  Clepsydropid^. — This  name  is  applied  by  Professor 
Cope  to  carnivorous  Theriodontia,  distinguished  from  the  Gak- 
sauridce  either  by  the  development  of  teeth  on  the  palate,  or  by 
the  extraordinary  character  of  their  dorsal  vertebra,  in  which 
large  intercentra  are  typically  present.  All  the  genera  are  typically 
from  the  reputed  Permian  deposits  of  North  America.  In  the 
type  genus  Clepsydrops  the  premaxillary  and  maxillary  teeth  are 
of  unequal  size,  and  the  dentary  bone  of  the  mandible  has  two 
enlarged  tusks  near  its  extremity.  Teeth  are  also  borne  on  the 
pterygoids ;  and  the  neural  spines  of  the  dorsal  vertebra  are  not 
excessively  elongated.  In  Dimetrodon,  the  most  remarkable  char- 
acter is  the  extraordinary  development  of  the  neural  spines  of  the 
aorsal  vertebras,  which  resembled  those  of  Naosaurus  (fig  981) 
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with  the  exception  of  having  no  horizontal  processes.  The  height 
of  the  spine  in  one  species  is  more  than  twenty  times  the  length 
of  the  centrum ;  and  Professor  Cope  concludes  that  these  spines 
formed  a  kind  of  elevated  fin  on  the  back,  of  which  it  is  difficult 
to  imagine  the  use.    Naosaurus  differs  from  the  preceding  by  the 

above-mentioned  horizontal  processes  on 
the  spines  of  the  vertebrae  (fig.  981). 
The  premaxilla  had  one  tusk ;  and  there 
were  two  similarly  enlarged  teeth  near  the 
anterior  extremity  of  the  maxilla,  behind 
which  comes  a  series  of  some  twelve  teeth 
of  equal  size,  with  compressed  and  slightly 
recurved  crowns.  Numerous  small  obtuse 
teeth  are  also  dotted  over  the  palatines  and 
pterygoids.  This  genus  has  also  been  re- 
corded from  the  Permian  of  Bohemia. 
Other  American  genera  included  in  this 
family  by  its  founder  are  Embolophorus, 
Edaphosaurus,  Archceobelus,  Theroplewa^ 
and  perhaps  Lysorophus  —  The7-opleura 
being  characterised  by  the  presence  of 
well-developed  abdominal  ribs. 

Here  may  be  mentioned  the  genus  Ster- 
eorhachis,  from  the  Lower  Permian  of 
France,  of  which  the  lateral  cheek-denti- 
tion presents  a  considerable  resemblance 
to  that  of  Naosaurus,  although  it  is  not 
known  whether  teeth  were  present  on  the 
palate.  The  neural  spines  of  the  vertebrae 
are  of  normal  type ;  but  it  is  not  known 
whether  intercentra  were  present,  or  whether 
the  centra  were  notochordal.  The  humerus 
(fig.  982)  differs  from  that  of  the  Galesau- 
ridcB  in  the  contour  of  the  distal  extremity. 
Professor  Seeley  regards  the  above-mentioned  humerus  from  the 
Karoo  system  of  the  Cape,  described  by  him  under  the  name  of 
Propappus,  as  indicating  an  allied  form,  but  there  is  nothmg  to 
iustify  this  association.  Stereorhachis  may  constitute  the  type  of  a 
distinct  family,  but  there  is  at  present  no  evidence  to  support  the 
view  that  this  genus  (together  with  Propappus)  represents  a  distinct 
order  for  which  the  name  Gennetotheria  has  been  proposed. 

Family  BoLOSAURiDyE.— This  family  is  also  typically  known 
from  the  reputed  Permian  of  North  America,  where  it  is  repre- 
sented by  the  genera  Bolosaurus  and  adlonyx.  In  the  former, 
the  teeth  are  fixed  in  shallow  alveoli,  and  have  their  crowns  ex- 


Fig.  981. — Anterior  view 
dorsal  vertebra  of  Naosaurus 
claviger;  from  the  Permian  of 
Texas.  One-sixth  natural  size. 
Ce,  Centrum.    (After  Cope.) 
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panded  transversely  to  the  axis  of  the  jaws.  These  crowns  are 
swollen  at  their  base,  and  have  a  low  apex  vertically  divided  into 
two  portions,  of  which  the  inner  one  in  the  upper  jaw  is  low  and 
horizontal,  and  the  outer  forms  a  curved  claw-like  cusp  —  the 
anterior  teeth  consisting  simply  of  an  inner  ledge  and  the  outer 
cusp,  and  there  being  no  enlarged  tusks.  Metartnosaurus,  of  the 
same  deposits,  may  perhaps  be  referable  to  this  family. 

In  the  large  Deuterosaurus,  from  the  Russian  Permian,  the  pre- 
maxillary  teeth  (fig.  983)  approximate  to  the  description  of  those 
of  Bolosaurus,  but  there  are  large 
tusk -like  teeth  resembling  those  of 
the  GalesauridcE  behind  the  five  pre- 
maxillary  teeth ;  the  nares  being  di- 
vided.   This  genus  may  be  regarded 
as  representing  a  distinct  carnivorous 
family.    A  tooth  from  the  Karoo 
system  of  South  Africa,  having  the 
general  characters  of  the  anterior 
teeth  of  Deuterosaiirus,  but  with  the 
lateral  borders  of  the  inner  surface 
of  the  crown    forming  ridges,  has 
been  made  the  type  of  the  genus 
Glaridodon.    An  associated  series  of 
bones  in  the  British  Museum  may 
belong  to  the  same  form  ;  the  verte- 
brae are  notochordal,  and  the  humerus 
agrees  in  size  with  the  one  mentioned 
below  as  Brithopiis.    Here  may  be 
noticed  the  genus  Rhopalodon,  from 
the  Permian  of  Russia,  founded  upon 
a  mandibular  ramus  which  may  be- 
long to  the  same  family.  Perhaps, 
however,  the  most  remarkable  speci- 
men from  these  deposits  is  the  distal  portion  of  a  large  humerus 
described  under  the  name  Brithopus  {Eiirosaurus)  ■  the  proximal 
end  of  another  humerus,  which  has  received  the  name  of  Orthopus, 
probably  belonging  to  the  same  species.    The  former  specimen 
IS  remarkable  for  having  both  ectepicondylar  and  entepicondylar 
loramma— a  condition  elsewhere  known  only  in  Titanosuchus  and 
^phenodon.    Dr  Baur  has  suggested  that  this  specimen  may  belong 
to  a  Rhynchocephalian,  but  it  is  certain  that  it  is  referable,  as  Sir  R 
Uvven  first  pomted  out,  to  the  present  suborder;  and  it  is  quite 

thi.  nn^f  u  ™7  P'^o^e  to  belong  to  Deuterosaurus,  in  which  case 
tnis  name  should  be  superseded. 

Family  DiADECxiD^.—This  family  is  also  founded  upon  genera 


Fig.  982. — Anterior  aspect  of  the  imper- 
fect left  humerus  of  StercorJmchis  dom- 
inans;  from  the  Lower  Permian  of  France. 
One-half  natural  size.    (After  Gaudry.) 
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from  the  Permian  of  North  America,  and  includes  Diadectes,  Em- 
pedias  {Empedocles\  and  Helodedes.  The  teeth  (fig.  984)  are 
transversely  elongated  like  those  of  Bolosaurus,  and  are  also 
divided  by  a  median  vertical  ridge ;  but  both  the  inner  and  the 
outer  moieties  are  equally  low.  Their  alveoli  are  not  separated, 
and  the  edges  of  the  crowns  are  obtuse,  with  tuberosities  on  some 
of  them  distinct  from  the  apex  of  the  main  ridge.  Professor  Cope 
regards  this  peculiar  type  of  dentition  as  indicative  of  a  herbivorous 
diet.  The  brain-case  differs  from  that  of  the  Clepsydropida  in  a 
manner  analogous  to  that  in  which  the  brain-case  of  the  Varanida 


Fig.  983. — Lateral  view  of 
a  premaxillary  tooth  of  Deu- 
ierosaiirus  biarmicns ;  from 
the  Upper  Permian  of  Russia. 
Half  natural  size. 


Fig.  984.— Lateral  and  palatal  view 
of  a  posterior  tooth  of  Empedias  mo- 
laris :  from  the  Permian  of  North 
America. 


is  distinguished  from  the  same  part  in  other  Lacertilia — that  is,  it  is 
continued  between  the  orbits  so  as  to  enclose  the  olfactory  lobes 
in  bone.  Fhanerosaurus,  from  the  Permian  of  Germany,  is  referred 
by  Professor  Cope,  from  the  structure  of  its  vertebrae,  to  this  or  the 
preceding  family. 

Suborder  3.  Dicynodontia. — In  this  suborder  the  vertebrae 
have  no  notochordal  canal;  intercentra  are  wanting;  and  the 
sacrum  includes  from  four  to  five  vertebrae.  There  is  in  no  case 
more  than  one  pair  of  teeth  in  the  alveolar  borders  of  the 
upper  jaw,  while  there  are  none  in  those  of  the  mandible.  The 
palate  is  of  the  general  type  of  that  of  the  Theriodonts,  but  the 
premaxillse  unite  to  form  a  single  beak-like  bone,  and  the  mandibular 
symphysis,  which  is  very  deep  and  laterally  compressed,  is  likewise 
anchylosed.  The  nares  are  double ;  and  it  is  probable  that  in  some 
forms  a  part  or  the  whole  of  the  alveolar  borders  of  the  mandible 
was  sheathed  in  horn;  while  the  mandibular  rami  have  lateral 
vacuities  (fig.  985,  b).  There  is  a  single  temporal  arcade,  which 
appears  to  be  a  squamoso-maxiUary  one.  In  the  pelvis  the  ihum  is 
much  expanded  in  an  antero-posterior  direction,  the  expanded  plate 
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lying  nearly  parallel  to  the  sacrum  ;  and  there  is  a  small  obturator 
foramen.  The  humerus  (fig.  978)  is  expanded  at  the  two  ex- 
tremities, with  a  prominent  deltopectoral  crest/  and  with  the  lower 
aperture  of  the  entepicondylar  foramen  opening  on  to  the  palmar 
aspect.  The  members  of  this  group  are  found  in  the  Stormberg 
and  Beaufort  beds  of  the  Karoo  system  of  South  Africa,  and  the 
equivalent  Gondwanas  of  Central  India. 

Family  Dicynodontid^. — This  family  ia  characterised  by  the 
absence  of  teeth-  on  the  palate.  The  type  genus  Dicytiodon  was 
the  first  known  representative  of  the  order,  and  was  originally 
described  by  Sir  R.  Owen  from  specimens  brought  from  South 


Fig.  985--L?teral  view  of  the  skull  of  (a)  Dicynodon  laccrticeps,  and  (n)  Udcnodon  Baini- 
from  the  Karoo  system  of  South  Africa.    Reduced.    (After  Owen  )  ' 

ffi^^'n«/\''  ''^^'■''^'^^^"^^d  by  the  presence  of  a  tusk-like  tooth 
est  nf  Vif^  g^owmg  from  a  persistent  pulp  in  each  maxilla-the 
profile  of  ,hJT,,    "^  edentulous,  with  trenchant  edges.  The 
profile  of  the  skull  is  rounded,  the  maxillse  are  not  strongly  ridged 

IrrbronV^'^r^^^V^  ^e  supfaoccipSi 

Z  occur  in  th    p'^°r  ^^"g""™-    This  genus  may 

D  l^Z  l  I  ^'f  ''"Se  of  the  Indian  Gondwanas.  In 
^■Hnceps  the  skull  has  a  length  of  20  inches.    In  Ptychosiagran  2 

fipjrl'''  ^'^^'°P^<=t°>^'^l  "est  is  the  ridge  on  the  right  side  of  the  upper  half  of  the 
=  m  new  na„,e  is  proposed  in  lieu     Ptychosnathus,  which  is  preoccupied. 

M 
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{Ptychognathus)  there  is  also  a  pair  of  tusk-like  upper  teeth,  but 
the  skull  is  angulated,  with  strong  ridges  on  the  maxilla,  the  nares 
far  behind  the  muzzle,  and  only  a  very  narrow  supraoccipital  bar 
above  the  foramen  magnum.    The  typical  species  are  from  South 
Africa,  but  another  representative  of  the  genus  occurs  in  the 
Gondwanas  of  Central  India,  which  was  originally  described  as 
Dicynodon  orientalis.    A  very  imperfect  and  flattened  skeleton  from 
the  Karoo  system  has  been  iTiade  the  type  of  the  genus  Cirogna- 
thus,  which  is  said  to  be  characterised  by  the  small  size  of  the 
canine-like  tooth,  and  the  presence  of  only  two  phalangeals  in  all 
the  digits  except  the  third.    It  appears,  however,  that  these  alleged 
differences  do  not  really  exist,  the  difference  in  the  humerus  being 
due  to  a  comparison  of  opposite  aspects,  and  the  number  of 
phalangeals  being  apparently  normal,  so  that  this  form  probably 
belongs  to  Dicynodon.    The  same  remark  will  apply  to  part  of  a 
skeleton  from  the  same  beds  upon  which  the  genus  Eurycarpus  has 
been  founded.    The  genus  Udenodon  {Oude7todo?t)  is  characterised 
by  the  total  absence  of  teeth  (fig.  985,  b),  but  is  otherwise  so 
closely  allied  to  Dicynodon  that  it  must  certainly  be  included  in  the 
same  family.    The  nares  are  somewhat  approximated  to  the  orbits, 
and  the  profile  of  the  muzzle  is  rounded.    It  occurs  in  the  Karoo 
system  of  the  Cape  Colony ;  and  some  of  its  representatives  at- 
tained very  large  dimensions.     Cistecephalus  {Kistecephalus)  com- 
prises smaller  forms  from  the  same  beds,  in  which  the  skull  is  much 
depressed,  with  the  orbits  directed  frontally.    There  was  a  pair  of 
tusks  in  the  maxillse. 

The  name  Platypodosaiirus  has  been  applied  to  a  considerable 
portion  of  the  skeleton  of  a  Dicynodont,  from  the  Karoo  system,  of 
which  the  skull  is  unfortunately  unknown,  and  which  may  prove  to 
be  identical  with  Udenodon,  unless  it  belong  to  Efidothiodon.  The 
remarkably  Mammalian  structure  of  the  pelvis,  in  which  there  is 
a  small  obturator  foramen  between  the  pubis  and  the  ischium,  is 
fully  noticed  in  Sir  R.  Owen's  description  of  the  specimens. 

Family  ENDOXHiODONTin^.— The  remarkable  genus  Endotht- 
odon,  comprising  large  reptiles  from  the  Karoo  system  of  the  Cape, 
forms  the  type  of  a  family  distinguished  from  the  preceding  by  the 
presence  of  teeth  on  the  palate.  The  skull  presents  a  strong  gen- 
eral resemblance  to  that  of  Udenodon,  but  the  muzzle  is  more 
elongated,  and  the  nares  are  terminal  and  overhung  by  the  massive 
nasals  The  alveolar  borders  of  the  jaws  are  trenchant,  but  the  ora 
surface  of  the  palate  and  mandible  carry  one  or  more  longitudinal, 
rows  of  columnar  and  cylindrical  teeth.  The  rennarkably  Mam- 
malian type  of  the  palate  of  Endothiodon  is  noteworthy.  Ihe  skull 
from  the  same  deposits  described  as  Theriognathus  seems  to  belong 
to  Endothiodon. 
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Endothiodoti  has  been  compared  to  the  Rhynchocephalian  Rhyncho- 
sauridcB  and  also  to  Placodtis ;  but  although  there  is  a  marked  super- 
ficial resemblance  between  the  three  forms  in  the  palate  and  teeth, 
yet  this  resemblance  is  but  apparent,  since  while  in  Endothiodon  the 
teeth  are  borne  on  a  secondary  bony  floor  beneath  the  narial  passage, 
in  the  other  genera  they  are  supported  on  the  proper  surface  of  the 
palate,  on  which  the  posterior  nares  open  directly,  without  the  inter- 
vention of  a  secondary  passage. 

Suborder  4.  Procolophonia. — According  to  a  recent  observer 
the  genus  Procolophon,  represented  by  comparatively  small  forms 
from  the  Karoo  system  of  the  Cape,  differs  so  decidedly  from  the 
Theriodontia  that  it  is  entitled  to  form  a  distinct  suborder,  showing 
marked  signs  of  affinity  with  the  Rhynchocephalia.  The  Procolo- 
pho7iida  have  a  full  dentition,  but  no  tusk-like  teeth,  and  the  nares 
are  double.  Although  the  pectoral  girdle  still  has  a  distinct  pre- 
coracoid,  yet  its  whole  characters  approximate  to  those  of  the 
Rhynchocephalian  genus  Sphenodon.  The  humerus  also  resembles 
the  corresponding  bone  of  the  latter ;  and  in  the  skull  the  pterygoids 
extend  forwards  in  the  same  manner  to  join  the  vomers  and  exclude 
the  palatines  from  the  middle  line  ;  while  there  are  no  secondary  pos- 
terior nares  ;  and  teeth  are  borne  on  both  the  pterygoids  and  vomers, 
as  in  the  young  of  Sphetiodon. 

Group  Placodontia.— Our  sole  knowledge  of  this  group  repre- 
sented by  Flacodtis  (fig.  986)  and  Cyamodus  of  the  Middle  Trias  or 
Muschelkalk  of  Germany,  is  derived  from  the  skull,  so  that  we  are 
at  present  to  a  great  extent  in  the  dark 
as  to  their  true  affinities.    These  forms, 
after  having  been  regarded  as  Ganoid 
Fishes,  were  referred  by  Sir  R.  Owen  to 
the  Sauropterygia ;  and  the  type  genus 
resembles  the  Nothosaurs  in  the  back- 
ward position  of  the  nares  and  the  form 
of  the  cranial  rostrum.    The  skull  has, 
indeed,  been  said  to  present  many  points 
of  resemblance  to  that  of  the  Anomo- 
donts,  and  more  especially  E?idothiodon, 
to  which  genus  it  is  considered  by  Sir 
R.  Owen  to  be  closely  allied.    The  re- 
semblance in  the  form  of  the  palate  is 
however,  as  already  mentioned,  only  a 
superficial  one ;  the  present  form  having 
no  floor  to  the  narial  passage,  and  the  pos- 

apertu^eTls^  in"r  f""'^^  °^  horizontal 

^v?th  dolf;  Sauropterygia.    The  skull  is  broad  posteriorly, 

double  nares,  a  deep  and  apparently  compound  tempora 


Fig.  986.— The  imperfect  palate 
of  Placodiis  gigas ;  from  the  Mus- 
chelk;dk  of  Hayreuth.  One-fourth 
natural  size.  When  entire  the  muzzle 
would  form  a  produced  rostrum. 
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arcade,  and  a  postorbital  bar.  The  palatal  teeth  (fig.  986)  resemble 
paving-stones,  and  were  probably  adapted  for  crushing  hard  sub- 
stances like  the  shells  of  Molluscs.  In  the  upper  jaw  the  teeth 
are  arranged  in  an  outer  or  maxillary  series  of  small  ones,  and 
an  inner  or  palatine  series  of  larger  ones ;  all  being  implanted  in 
shallow  sockets  and  replaced  by  vertical  successors.  In  the  mandible 
there  is  but  one  row  of  teeth.  The  number  of  palatal  teeth  varies  in 
the  different  forms ;  and  there  are  also  modifications  in  the  size  and 
contour  of  these  teeth,  which  aid  in  affording  generic  and  specific 
characters.  The  premaxillary  teeth  may  be  of  a  more  or  less 
prehensile  type.  Till  the  vertebrte  and  limb-bones  are  known  the 
position  of  these  forms  must  remain  uncertain;  but  it  may  be 
remarked  that  all  the  known  limb-bones  from  the  Muschelkalk, 
except  those  of  Dinosauria,  appear  to  be  of  a  Sauropterygian  type. 

In  the  typical  genus  Placodtis  the  skull  is  comparatively  narrow, 
and  has  a  long  rostrum  produced  considerably  in  advance  of  the 
nares.  The  palatal  teeth  (fig.  986)  have  polygonal  crowns,  those  of 
the  palatine  series  being  three  in  number  on  either  side,  and  closely 
approximated ;  while  the  three  premaxillary  teeth  are  more  or  less 
chisel-like,  and  are  separated  by  an  interval  from  those  on  the  palate. 
The  mandible  has  a  long  symphysis,  and  two  pairs  of  cutting-teeth. 
The  maxillary  teeth  may  be  either  four  or  five  on  either  side. 
Cyamodus  is  readily  distinguished  by  the  great  width  and  shortness 
of  the  cranium,  which  has  no  distinct  rostrum,  with  the  nares  placed 
at  the  muzzle  and  the  premaxillae  fused  together.  The  palatal  teeth 
have  rounded  crowns,  the  crown  of  the  last  palatine  being  very 
large  ;  there  may  be  either  two  palatine  and  three  maxillary,  or  two 
maxillary  and  three  palatine  teeth.  There  were  but  two  pairs  of 
premaxillary  teeth,  which  are  not  chisel-like.  In  the  lower  jaw  the 
symphysis  was  triangular  and  comparatively  short,  and  was  probably 

devoid  of  teeth.  r,,      7  r 

Recently  Dr  Giirich  has  proposed  the  name  Pleurodus  tor  an 
allied  form  from  the  Muschelkalk  of  Silesia,  but  since  this  term  is 
preoccupied  for  a  Crocodilian  genus  it  will  have  to  be  changed. 

Syn^ptosaurian  Branch.— According  to  Dr  Baur's  scheme  of 
classification  this  branch  comprises  the  orders  Sauropterygia  and 
Chelonia  :  although  Professor  Cope  and  Mr  Boulenger  would  also 
include  the  Rhynchocephalia.  The  typical  Proganosauria  of  Dr 
Baur  may  be  merged  in  the  Sauropterygia.  Although  the  Sauro- 
Dterveia  and  Chelonia  present  many  characters  m  common,  yet  it  is 
not  easy  to  give  a  definition  of  this  branch.  In  all,  hovy  er  he 
quadrate  is  firmly  united  to  the  skull;  and  all  or  nearly  all,  of  the 
dorsal  ribs  articulate  with  the  vertebrae  by  single  heads  As  a  gene- 
rd  rule  the  palate  is  more  or  less  completely  closed,  the  pte^ygo^ 
generally  extending  forwards  to  join  the  vomers.    There  may  be 
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either  one  or  two  temporal  arcades.  A  parietal  foramen  is  present 
at  least  in  the  young.  In  all  cases  ossifications  are  developed  upon 
the  ventral  aspect  of  the  body,  either  in  the  form  of  abdominal  ribs, 
or  of  a  plastron ;  but  there  are  none  in  the  sclerotic  of  the  eye. 
The  sacral  ribs  are  connected  with  the  vertebrae  by  upper  and  lower 
articulations ;  and  when  chevrons  are  present  they  are  mainly  or  ex- 
clusively attached  to  the  hinder  borders  of  the  caudal  centra.  A 
precoracoid  anchylosing  to  the  scapula  may  be  present  in  the  pec- 
toral girdle ;  and  in  the  pelvis  the  pubis  and  ischium  have  expanded 
and  flattened  ventral  surfaces,  and  the  obturator  foramen  may  be 
completed  by  the  union  of  the  ischium  with  the  pubis  of  the  same 
side.  There  is,  moreover,  a  considerable  structural  resemblance 
between  the  limb-bones  of  the  more  generalised  forms  of  the  two 
orders,  these  bones  always  having  terminal  epiphyses;  and  the 
tarsus  in  both  may  be  of  a  very  primitive  type.  The  humerus  may 
have  either  an  entepicondylar  (ulnar)  foramen  and  an  ectepicondylar 
(radial)  groove,  or  only  the  latter,  or  may  be  devoid  of  both.  The 
ribs  never  have  uncinate  processes. 

We  are  still  very  much  in  the  dark  as  to  the  origin  of  these  two 
orders,  although  the  Sauropterygia  can  be  traced  back  to  a  form 
presenting  several  Amphibian  features,  which  appears  to  have  been 
closely  allied  to  the  primitive  Rhynchocephalians.  From  the  dis- 
appearance of  numerous  segments  in  the  vertebral  column  of  the 
Chelonia  during  development,  Professor  Parker  has  suggested  that 
this  order  has  originated  from  a  type  allied  to  the  Sauropterygia ; 
and  their  plastron  is  almost  certainly  derived  from,  or  developed 
upon,  the  abdominal  ribs  of  a  form  allied  either  to  the  Rhyncho- 
cephalia  or  to  Mesosaurus. 

Order  II.  Sauropterygia.— In  this  extinct  order  the  body  was 
devoid  of  any  exoskeleton,  while  the  neck  was  more  or  less  elon- 
gated, and  the  tail  short.    In  the  skull  there  is  only  the  superior 
temporal  arcade  ;  the  narial  apertures  are  lateral  and  more  or  less 
approximated  to  the  orbits  ;  the  premaxilte  are  very  large  ;  and  there 
is  a  well-developed  parietal  foramen  in  the  adult.    The  prefrontal 
remains  distinct;  the  postorbital  may  be  separate  from  the  post- 
rontal;  typically  there  is  a  transverse  bone;  and  the  symphysis  of 
he  mandible  is  united  by  suture.    The  teeth,  which  are  implanted 
in  distinct  sockets  and  confined  to  the  margins  of  the  jaws,i  have 
curved  sharp  crowns,  with  fluted  enamel.    Each  rib  articulates  to  a 
sj^ngle  ver  ebra,  and  in  the  cervical  region  the  costal  facets,  which 
may  be  either  single  or  double,  are  situated  entirely  on  the  centrum, 
and  generally  are  not  prominent.    The  vertebrae  are  amphicoelous 
and  the  neuro-central  suture  may  be  either  persistent  throughout 

'  Assuming  that  the  Placodontia  are  distinct  from  this  order. 
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life,  or  completely  obliterated.    All  those  vertebrse  in  which  the 
costal  articulation  is  on  the  centrum  below  the  neuro-central  suture 
may  be  reckoned  as  cervical ;  their  number  varying  from  about  2 1 
to  nearly  40.    The  centrum  of  the  atlas  is  well  developed,  and  there 
is  a  wedge-shaped  intercentrum  between  the  latter  and  the  skull. 
The  true  cervicals  are  succeeded  by  a  few  vertebras  in  which  the 
costal  articulation  is  partly  on  the  arch  and  partly  on  the  centrum, 
for  which  the  name  of  pectorals  has  been  proposed.    The  dorsal 
vertebrae  have  the  costal  articulation  placed  entirely  on  the  arch, 
and  generally  forming  an  elongated  transverse  process.    The  caudal 
vertebrae  are  always  furnished  with  true  ribs,  and  also  with  chevron- 
bones,  which  may  not  be  united  below.    The  structure  of  the  pec- 
toral girdle  is  very  remarkable,  and  has  given  rise  to  considerable 
diversity  of  opinion.    In  all  forms  the  coracoids  meet  in  a  median 
symphysis,  which  may  be  short  (fig.  987)  or  very  long  (iig.  988). 


Fig.  987.-Ventral  aspect  of  the  pectoral  girdle  o{  Noi/.osa„p>s 
kalk  of  Wurtemberg.    Reduced,     os/.  Clavicle  and  interclavicles  ;    sc,  Scapula  ,  gi,  l^lenoia 
cavity ;  cor,  Coracoid. 

In  the  generalised  M^/tosaurus  (fig.  987)  the  scapula  has  only  a 
small  ventral  portion,  separated  by  a  wide  interval  from  that  of  its 
fellow  Anteriorly  to  these  ventral  plates  of  the  scapulee  there 
is  a  slender  arch  consisting  of  a  median  and  two  lateral  por- 
tions, corresponding  to  a  similarly  situated  bone  m  F/esio-^ 
saurus.  This  arch  is  usually  correlated  with  the  mterclavicle  and 
clavicles ;  but  from  the  deep-seated  position  of  its  representative 
in  Plesiosaurus,  Mr  Hulke  considers  that  in  that  genus  it  corre- 
sponds to  the  omosternum  of  the  Amphibia,  and  if  this  interpre- 
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tation  be  correct,  it  will  have  the  same  homology  in  Nothosaurus} 
As  specialisation  proceeds  it  appears  that  the  scapulas  have  tended 
to  develop  very  large  ventral  plates,  with  a  concomitant  reduction 
and  ultimate  disappearance  of  the  clavicular  arch.     The  inter- 
mediate stage  is  shown  in  Plesiosaurus  (fig.  997),  where  it  will 
be  seen  that  the  ventral  plates  of  the  scapulae  are  separated  in 
the  median  line ;  and  the  culmination  in  Cimoliosaurus,  where  they 
unite  in  a  median  symphysis,  and  join  the  anterior  extremities  of 
the   coracoids,   while  the 
interclavicle    has  disap- 
peared.   Mr  Hulke  regards 
the  ventral  plate  of  the 
scapula  as  representing  the 
precoracoid  of  the  Chelo- 
nia,  but  further  evidence 
is  required  to  prove  this ; 
the  view  that  it  represents 
the  clavicle  being  obviously 
incorrect.     In  the  pelvis 
the  pubis  usually  forms  a 
wide  plate,  while  the  isch- 
ium is  somewhat  chopper- 
shaped  ;  in  some  cases  the 
pubis  and  ischium  of  each 
side  unite  to  enclose  an 
obturator  foramen.  The 
ischia  are   strikingly  like 
those  of  the  Amphibia,  and 
have   a   long  symphysis. 
The  limbs  are  subject  to 
considerable  variation; 
those  of  the  earlier  generalised  forms  being  adapted  for  progres- 
sion on  land,  while  in  the  specialised  types  they  are  modified 
into  paddles.    In  all  cases,  however,  the  limbs  are  readily  distin- 
guished from  those  of  the  Ichthyopterygia  by  the  relatively  longer 
humerus  and  femur,  and  the  absence  of  interdigital  bones.  The 
limb-bones  are  regarded  by  Professor  Seeley  as  showing  signs  of 
Amphibian  affinity.    A  peculiar  feature  in  the  limb-bones  is  that 
the  epiphyses  (fig.  989)  of  the  humerus  and  femur  are  enormously 
developed,  and  form  large  cones  at  either  extremity  of  the  bones 
almost,  or  completely,  meeting  in  the  middle  of  the  shaft,  which 
IS  reduced  to  a  pair  of  elongated  cups.    The  bones  of  the  palate 

tioVof'SA"^''^i^"'^ru^^'^,'°e"e  of  Fossil  Replilia  Mr  Hulke's  interpreta- 

now  consWers  tha  X  n  ,  "'^^  provisionally  adopted,  but  the  writer 

w  consmers  that  the  other  interpretation  is  probably  the  true  one. 


Fig.  988.— Ventral  aspect  ot  the  pectoral  girdle  of 
CimoliosaHnis  {cf)  trochanterius  ;  from  the  Kimeridge 
Clay.  Reduced,  sc,  Scapula  ;  /c,  Ventral  (precora- 
coidal)  plate  of  do.  ;  ffl,  Glenoid  cavity;  /.  Scapular 
foramen  ;  co,  Coracoid.    (After  Hulke.) 
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never  develop  plates  to  form  a  floor  to  the  nasal  passage,  so  that 
the  posterior  nares  also  open  directly  into  the  mouth  by  horizontal 
apertures  (fig.  991). 

This  order  ranges  in  time  probably  from  the  Permian  and  cer- 
tainly from  the  Trias  to  the  Upper  Chalk,  and  we  are  enabled  to 
trace  the  gradual  evolution  of  the  specialised  marine  forms  from 
those  less  widely  separated  from  a  normal  type.  All  these  reptiles 
appear  to  have  been  carnivorous. 

Family  Mesosaurid^ — The  genus  Mesosaurus,  originally  de- 
scribed from  the  Karoo  system  of  Griqualand  in  South  Africa, 
which  is  probably  of  lower  Mesozoic  age,  but  subsequently  found 
in  beds  of  uncertain  age  in  Brazil,  and  described  under  the  name 
of  Stereosternjim,  includes  small  reptiles  regarded  by  Dr  Baur  as 


constituting  a  distinct  order  —  the  Proganosauria,  —  but  which 
appear  to  be  so  closely  related  to  the  Nothosauridce,  that  there  can 
be  little,  if  any,  hesitation  in  including  them  in  the  same  order. 
The  Brazilian  form  was  originally  referred  with  some  hesitation  by 
Professor  Cope  to  the  Amphibia.  One  of  the  most  peculiar  feat- 
ures of  this  genus,  in  which  it  differs  from  all  other  groups  except 
the  Amphibia,  the  extinct  Falceo hatter ia,'^  and  perhaps  the  Chelonia 
is  the  separation  of  the  fourth  and  fifth  tarsalia,  so  that  each  meta- 
tarsal articulates  with  a  distinct  tarsale.    The  centra  of  the  vertebrse 


Fig.  989. — Longitudinal  section 
of  a  Sauropterygian  humerus ; 
from  the  Kimeridge  Clay  ;  one- 
sixth  natural  size,  a,  Proximal, 
b,  Distal  epiphysis  ;  c,  Shaft. 


Kig.  990. — Ventral  aspect  of  the 
left  pectoral  limb  of  Mesosaurus 
tenuidois ;  from  the  Karoo  system 
of  Griqualand.  ent./,  Entepicon- 
dylar  foramen  of  humerus ;  r,  Ra- 
dius ;  u,  Ulna. 


1  See  Rhynchocephalia,  infra. 
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have  a  small  notochordal  canal,  and  are  small  in  comparison  to  the 
neural  arches ;  while  the  ribs  seem  to  have  been  anchylosed  to  the 
vertebrae,  and  were  of  great  thickness,  like  those  of  the  next  family. 
The  system  of  abdominal  ribs  was  strongly  developed.    The  skull 
is  much  elongated,  and  has  slender  recurved  teeth,  which  were  in 
all  probability  implanted  in  distinct  alveoli.     The  pectoral  girdle 
appears  to  be  very  similar  to  that  of  the  Nothosaurida,  the  pre- 
sumed interclavicle  not  being  T-shaped ;  and  a  similar  close  re- 
semblance is  presented  by  the  pectoral  limb  (iig.  990),  in  which 
the  humerus  has  an  entepicondylar,  or  ulnar,  foramen,  like  that  of 
Mammals.    The  pelvis  is  considered  to  have  had  only  a  very 
small  obturator  foramen ;  the  ischia  and  pubes  forming  broad 
expanded  plates  like  those  of  Amphibia  and  other  Sauropterygia. 
The  terminal  digits  were  devoid  of  claws ;  and  the  feet  were  prob- 
ably webbed  like  those  of  frogs. 

Dr  Baur  makes  this  genus  the  type  of  the  order  Proganosauria, 
in  which  he  would  also  include  the  undermentioned  genus  Palao- 
hatteria;  and  regards  this  order  as  the  connecting-link  between  Am- 
phibians and  Reptiles.  Although  there  is  something  to  be  said  in 
favour  of  this  view,  yet  the  manifest  affinity  of  Mesosaiirus  to  the 
more  typical  Sauropterygia,  and  of  Palaohatteria  to  the  Rhyncho- 


One-eilh'th  ^^^x^ }^%t i^^l^y"^,  oi  Nothosaurus  „urabUis  ;  from  the  Muschelkalk. 
pal,  PtlatineTM  P Tr^g^d  'h^^^  nares  ;  z,.,  Vomer;  „,.r,  Ma.xilla  ; 

Occipital  condyle  Th7 oosterioV  p wr^i, ^  ^  U S"^''  P.^'^?  °f  ^^^^  :  ?«.  Quadrate;  ac, 
boneT  ^  posterior  extremity  oi  pal  is  probably  formed  by  a  distinct  transverse 

cephalia,  seem  to  render  it  more  advisable  to  refer  those  genera 
0  the  two  orders  m  question,  of  which  they  will  respectively  form 
n/r^r    f  ""["I'^f  ^t^g^-    By  this  arrangement  the  intimate  con- 
nection of  both  orders  with  the  Amphibia  will  be  made  manifest. 

orms  0  large  size,  the  l.mbs  were  furnished  with  claws,  and  adapted 
to  a  certain  extent  for  walking.    In  the  skull  the  pte  ygoids  either 
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diverged  posteriorly,  or  gave  off  wings  uniting  in  the  middle  line 
upon  the  basi-  and  presphenoid,  and  thus  completely  closing  the 
posterior  portion  of  the  palate  (fig.  991) — an  approximation  to  the 
latter  arrangement  occurring  in  some  Chelonia.  The  palate  was 
also  devoid  of  infraorbital  vacuities.  The  coracoids  (fig.  987)  had 
a  short  median  symphysis,  not  extending  as  far  forwards  as  the 
scapular  articulation,  and  also  had  a  groove ;  while  the  ventral 
plates  of  the  scapulae  were  very  small.  Typically,  the  cervical 
vertebrae  have  double  costal  facets,  while  the  transverse  processes 
of  the  dorsals  are  very  short,  and  remarkable  for  the  vertical  elonga- 
tion of  their  articular  faces.  The  humerus  and  femur  are  elongated 
— the  former  (fig.  993)  having  an  entepicondylar  foramen,  but  no 
distinct  distal  expansion.  The  ischium  and  pubis  did  not  unite  to 
enclose  an  obturator  foramen. 

The  known  forms  occur  typically  in  the  Muschelkalk,  or  Middle 
Trias,  of  the  Continent,  but  some  of  them  range  up  into  the 
overlying  Keuper,  and  one  species  is  found  in  the  Bunter,  or 
Lower  Trias.  In  the  typical  genus  Nothosaurus  the  skull  (figs. 
991,  992)  is  long  and  much  depressed,  the  length  of  the  post- 
orbital  exceeding  that  of  the  preorbital  portion.    The  characters 


Fig.  992.— Right  lateral  aspect  of  ihe  skull  of  Nothosaurus 
mirabilis.    Reduced.    (After  Meyer.) 


Fig.  993. — Ventral  as- 
pect of  the  right  humerus 
of  Con'hiosanrus.  One- 
half  natural  size.  Entf, 
Entepicondylar  foramen  : 
a,  Ectepicondylar  groove. 


of  the  palate  are  shown  in  fig.  991.  Conchiosaurus  is  a  closely 
allied  but  smaller  form,  in  which  the  teeth  are  club-shaped.  In 
Simosaurus  the  skull  is  characterised  by  the  breadth  of  the  facial 
portion  and  its  stout  teeth.  The  type  species  is  nearly  equal  in 
dimensions  to  the  larger  species  of  Nothosaurus.    Finally,  Fisto- 
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saurtts  is  distinguished  by  the  posterior  divergence  of  the  pterygoids, 
and  not  improbably  by  the  presence  of  long  transverse  processes  to 
the  dorsal  vertebree;  both  of  these  features  being  Plesiosaurian. 
The  preorbital  portion  of  the  skull  is  very  narrow.  Although  the 
members  of  this  family  have  lost  all  traces  of  a  notochordal  canal 
in  the  centra  of  the  vertebras,  yet  the  ossification  of  these  centra 
has  taken  place  in  the  same  manner  by  means  of  a  sheath  investing 
the  notochord. 

Family  LARiosAURiDiE. — This  family  is  closely  allied  to  the 
preceding,  but  the  limbs  approximate  to  those  of  the  Plesiosauridcs. 
The  skull,  at  least  in  one  genus,  has  infraorbital  vacuities  on  the 
palate,  and  the  coracoid  has  no  notch  at  its  glenoidal  extremity. 
The  femur  always  remains  an  elongated  bone,  longer  than  the 
epipodials  and  metapodials  collectively ;  but  the  humerus  may  be 
comparatively  short,  and  is  more  or  less  expanded  at  its  distal 
extremity ;  while  in  Lariosaunis,  although  not  in  the  other  forms, 
it  has  lost  its  foramen.  The  terminal  phalangeals  of  the  pes  still 
retain  their  claws.  In  Neusticosaums  it  is  thought  that  cervical 
ribs  were  wanting.  The  type  genus  Lariosaurus  comprises  one 
medium-sized  species  from  the  Trias  of  Lombardy,  and  according  to 
Dr  Baur,  has  both  limbs  adapted  for  walking.  The  palate  is  un- 
known. In  Neusticosaurus,  from  the  Lettenkohle  at  the  base  of  the 
Keuper  of  Wiirtemberg,  Professor  Seeley  considers  that  the  pectoral 
limb  had  become  modified  into  a  paddle,  although  this  conclusion 
is  not  accepted  by  Dr  Baur.  It  appears  probable  that  a  small 
reptile,  described  from  the  Trias  of  Italy  under  the  preoccupied 
name  of  Pachypleura,  is  not  more  than  specifically  separable  from 
Neusticosaurus.  The  type  species  of  the  latter  was  about  one  foot 
in  length,  and  was  probably  of  amphibious  habits. 

It  may  be  convenient  to  notice  here  two  small  Triassic  reptiles 
which  are  referred  by  Dr  Baur  to  this  family,  although  Dr  Deecke 
considers  that  at  least  the  second  has  more  affinity  with  the  Lizards. 
These  genera  are  Dadylosmirus,  from  the  Muschelkalk  of  Silesia, 
and  Macromerosaurus,  from  the  Italian  Trias;  the  former  being 
almost  certainly  referable  to  this  order,  and  perhaps  not  separable 
from  Neusticosaurus.  In  this  connection  it  should  be  observed  that 
Dr  Bassani  considers  Macrovierosaurus  to  be  identical  with  the  type 
species  of  Lariosaurus,  and  that  Neusticosaurus  is  not  generically 
separable  from  the  latter.  Pachypleura  is,  however,  regarded  as 
distmct  from  Neusticosaurus,  in  which  case  it  will  require  a  new 
name,  as  the  present  one  is  preoccupied. 

Fmally,  it  should  also  be  mentioned  that  some  authorities  would 
regard  the  two  preceding  families  as  constituting  a  distinct  sub- 
order—the Nothosauria— but  the  transition  to  the  next  family  is 
almost  complete. 
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"Family  PLESiosAURiDiE. — With  this  group  we  come  to  the  con- 
sideration of  the  typical  members  of  the  order,  all  of  which  were 
adapted  for  a  purely  aquatic  life,  and  probably  frequented  coasts 
and  estuaries.     In  the  skull  the  pterygoids  di- 
verge posteriorly,  and  do  not  overlie  the  basi- 
sphenoid ;  while  there  were  small  infraorbital 
vacuities  in  the  palate.     The  dorsal  vertebrae 
have  long  transverse  processes.    In  the  pectoral 
girdle  the  scapulae  have  large  ventral  plates, 
which  may  meet  in  the  middle  line ;  and  the 
symphysis  of  the  coracoids  is  much  elongated, 
and  extends  in  advance  of  the  scapular  articula- 
tion.   In  the  limbs  (fig.  994)  the  humerus  and 
femur  were  comparatively  short  and  distally  ex- 
panded ;  the  former  being  devoid  of  a  foramen. 
The  bones  of  the  second  segment  are  likewise 
very  short,  and  strangely  altered  from  the  normal 
form.    In  certain  cases,  moreover,  a  third  bone 
(fig.   998)  articulates  with  the   humerus  and 
femur,  of  which  the  homology  will  be  discussed 
under  the  head  of  the  Ichthyopterygia.  The 
metacarpals  and  phalangeals  are,  however,  still 
elongated,  but  the  number  of  the  latter  is  in- 
creased beyond  the  normal  complement.     Further,  the  terminal 
claws  have  disappeared ;  and  the  whole  limbs  were  doubtless  en- 
veloped in  a  common  integument,  to  form  paddles  after  the  fashion 
of  the  turtles.    The  coracoid  (fig.  988)  is  remarkable  for  its  great 


go 

Fig.  994. — Dorsal  as- 
pect of  the  left  pectoral 
limb  of  Pleslosaurus 
Hawkinsi ;  from  the 
Lower  Lias  of  Dorset- 
shire. Reduced,  a,  Hu- 
merus ;  b,  Radius ;  c. 
Ulna. 


Fiff  DO?.— Skeleton  oi Plesiosaurus  dolkhodirus ;  from  the  Lower  Lias.    Greatly  reduced. 
^  ■  (After  Conybeare. ) 


antero-posterior  length,  and  has  no  fontanelle.  This  family  includes 
some  forms  of  huge  dimensions  ;  its  range  extending  from  the 
Rhaetic,  or  Uppermost  Trias,  to  the  Chalk. 

The  Flesiosaurida,  like  the  Crocodiles  of  the  present  day,  differ 
greatly  among  themselves  in  the  relative  length  of  the  mandibular 
symphysis,  as  is  shown  in  the  accompanying  woodcut.  In  the 
present  family  it  appears,  however,  that  the  result  of  evolution  and 
specialisation  has  been  towards  the  gradual  lengthening  of  this  sym- 
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physis ;  whereas  among  the  Crocodilia  the  tendency  has  been  pre- 
cisely in  the  opposite  direction. 

This  family  has  been  divided  into  a  large  number  of  genera,  but 
since  several  of  these  are  not  really  distinct  it  will  sufifice  to  adopt  a 
smaller  number  of  such  divisions.  The  genus  Flestosaurus,  as  now 
restricted,  is  exclusively  confined  to  the  Upper  Trias  (Rhastic)  and 
Lias.    Owing  to  the  beautiful  preservation  of  many  of  the  species 


IdmifnhT^    '  -kT-^""!  '°  '"^^"^^^  '-^"d  its  remains  were 

latrSr  ?'     k"^'^  '"^'^  P^^«^"t  ^ent^ry  by  the 

Sht^  nfT'.  r  -r^-         ,^"^kland,  who  with  remarkable  fore 
iHai^iE  .   i   n^^""''^      '^^'^  '''^''Se  and  weird  forms  of  Rep- 
i  h  a  ho°^       ^^^'^T''■    ^"        g^""^        ^kull  is  either  snSl 
at  w  th  I\r;e;  996.  c),  or  moderat  ly 

.IpnH  .V°"ge'^  symphysis  and  rostrum.  The  teeth  are  eenerallv 
blender,  without  carina,  and  the  terminal  ones  are  not  STige^ 
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than  the  others  in  the  more  typical  species.  The  neck  is  more  or 
less  elongated,  with  the  anterior  vertebrae  in  most  cases  very  small. 

The  cervical  ribs  and  neu- 
ral arches  are  firmly  articu- 
lated to  the  centra  of  the 
vertebrae,  but  traces  of  the 
suture  usually  persist ;  in  the 
cervical  region  the  facets  for 
the  articulation  of  the  ribs 
are  usually  double,  and  the 
terminal  faces  of  the  centra 
generally    ellipsoidal,  and 
more  or  less  cupped.  The 
most  characteristic  features 
of  the  genus  are,  however, 
to  be  found  in  the  pectoral 
girdle  (fig.  997),  in  which 
the  scapulae   are  relatively 
small,  and  widely  separated 
in  the  middle  line,  where 
they  rest    upon  the  inter- 
clavicle,  with  its  small  and 
deep  notch.    The  coracoids 
are,  moreover,  long  and  rather  narrow,  with  a  median  production 
in  advance  of  the  glenoid  cavity;  while  the  foramen  between 
the  coracoid  and  scapula  is  very  large  and  open  towards  the 
interclavicle. 


Fig.  997.— Ventral  aspect  ot  the  pectoral  girdle  ot 
Plesiosaurus  dolichodirus ;  from  the  Lower  Lias  of 
Dorsetshire.  Reduced,  ost,  Interclavicle;  sc.  Scap- 
ula ;  pc,  Ventral  plate  of  do.  ;  co,  Coracoid  ;  H ,  Head 
of  humerus.    (After  Hulke.) 


This  ffenus  may  be  divided  into  three  groups.  The  Longirostrine 
group,  represented  by  P.  rostratus  of  the  Lower  and  P.  longtrostris  of 
the  Upper  Lias,  is  characterised  by  the  comparatively  elongated  man- 
dibular symphysis,  and  the  extremely  short  neural  spines  and  single 
costal  facets  of  the  majority  of  the  cervical  vertebrae.  In  the  typical 
g-rouD  we  have  P.  dolichodirus  with  its  extremely  long  neck  (fig.  995). 
shorter-necked  P.  Hmvkinsi,  and  the  large  P.  Conybeari,  all  being  from 
the  Lower  Lias  These  forms  have  a  moderately  short  mandibular  sym- 
physis (fig.  996,  c),  while  the  centra  of  the  cervical  vertebrje  are  never 
Sly  elongated  and  there  are  double  costal  facets  and  moderately  tall 
neural  spines  in  this  part  of  the  vertebral  column.  The  third  group  ,s 
remSemed  only  by  P.  homalospondylus,  of  the  Upper  Lias,  which  is 
ch'arlcterised  by'thJ  great  elongation  of  the  centra  «  the  cervical  ver- 
tebrEE  which  have  flat  terminal  faces,  and  enormously  all  neural  spines 
T  resemblance  of  these  vertebra  to  those  -'J''^- ^^^^^^^l^l^^t. 
group  of  the  Jurassic  and  Cretaceous  genus  Cimoliosamus  suggests  lie 
frigiS  of  the  latter  group  from  the  present ;  -^'^-^^^^-^^J^.^''^^;^^^^^^^ 

preSltn'r  hfrar^  an!  X  (fig.  994)  still  retain  evidence  of  then 
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original  character  as  long  bones,  and  are  separated  by  a  well-marked 
interval. 

Another  exclusively  Liassic  and  perhaps  Rhjetic  genus  is  Eret- 
inosaurus,  which  had  a  long  neck  and  probably  a  small  head  like 
Plesiosminis,  but  with  a  very  different  type  of  pectoral  girdle.  Thus 
the  coracoids  had  no  median  production  in  advance  of  the  glenoid 
cavity ;  while  the  scapulae  were  large,  and  articulated  together  in  the 
median  line,  and  posteriorly  were  united  by  their  whole  length  with 
the  coracoids,  leaving  only  very  minute  coracoidal  foramina.     If  an 
interclavicle  were  present  it  had 
become  fused  with  the  scapulae. 
The  type  species  is  from  the 
Lower  Lias,  but  there  is  another 
in  the  Upper  Lias.    The  largest 
genus  of  the  family  is,  however, 
Cimoliosaurus,  in  which  we  may 
conveniently  include  those  forms 
described  under  the  names  of 
Discosaurus,  Elasviosaiii-iis,  Mau- 
isaurus,  Polycotylus,  Muranosau- 
rus,  and   Colymbosaurus.  This 
genus  was  originally  described 
upon  the  evidence   of  a  very 
large  species  from  the  Cretaceous 
of  New  Jersey,  with  which  Dis- 
cosaurus,  and  probably  Elasnto- 
saurus,  are  specifically  identical. 
The  New  Zealand  Cretaceous 
species  described  as  Mauisaitrus 
is  closely  allied  \  and  it  has  yet 
to  be  proved  that  the  type  species 
is  even  specifically  distinct  from 

the  European  C.  co?istricius.  Many  of  the  other  species  differ  con- 
siderably from  these  typical  forms,  but  if  generic  divisions  are  once 
made  it  seems  impossible  to  know  when  to  stop. 

The  genus  in  the  above  extended  series  may  be  characterised  as 
toilows.  The  teeth  and  skull  are  relatively  small,  the  mandibular 
symphysis  IS  short,  and  the  neck  usually  very  long,  with  the  anterior 
vertebras  relatively  small.  The  vertebrae  are  more  or  less  elongated 
and  generally  have  the  neural  arches  and  the  cervical  ribs  completely 
anchylosed  to  the  centra  in  the  adult ;  the  costal  articulations  always 

fir"?«w;;^    ^"""'P  I"       '''^^^^^  I"  the  pectoral  girdle 

hg  988)  the  scapulae  have  very  large  and  wide  ventral  plates,  meeting 
n  the  middle  line,  without  any  trace  of  an  interclavicle,  and  usually 
bending  down  a  median  process  to  join  the  coracoids,  and  thus  com- 


Fig.  998.  —  Ventral  aspect  of  the  right 
""•n^r"^;  radius  (T),  ulna  (;),  and  pisiform 
{/'  )  o\  Cimoliosaurus  trochanterius ;  from  the 
Kimeridge  Clay  of  Dorsetshire.  Reduced. 
(After  Hulke.) 


1078 


CLASS  REPTILIA. 


pletely  closing  the  scapulo-coracoidal  foramen.^  The  humerus  (fig. 
998)  is  usually  longer  than  the  femur ;  and  both  these  elements  may 
articulate  distally  with  either  two  or  three  (figs.  998,  999,  1000) 
bones,  which  in  the  later  instances  lose  all  resemblance  to  the  nor- 
mal elongated  form.    The  ischia  are  relatively  short. 

This  genus  may  be  divided  into  two  groups,  according  to  whether  the 
vertebral  centra  have  nearly  flat  or  deeply  cupped  centra.  In  the  former 
group  we  have  the  large  C.  truncatns  of  the  Kimeridge,  and  the  smaller 
C.plicatus  (fig.  \ooo  bis)  and  C.  Richardsoni {fyg.  1000)  of  the  Oxford  Clay, 
in  both  of  which  the  humerus  articulates  only  with  the  radius  and  ulna ; 
the  latter  species  being  distinguished  by  its  shorter  cervical  vertebrae. 


Fig.  999. — Ventral  aspect  of  part  of  the  right  pelvic  limb 
oi  Cimoliosaurus  porilandicus ;  from  the  Portland  Oolite. 
Reduced.  T,  Preaxial ;  F,  Postaxial  border ;  66,  Tibia ; 
67,  Fibula  ;  67',  Homologue  of  the  pisiform  ;  t,  Tibiale  ; 
ci,  Intermedium;  c  2,  Fibulare ;  f,  Postaxial  tarsal. 
(After  Hulke.) 


Fig.  1000.  —  Ventral  as- 
pect of  part  of  the  right 
pectoral  limb  of  Cimolio- 
saurus Richardsoni ;  from 
the  Oxford  Clay.  One- 
eighth  natural  size.  //, 
Humerus  ;  tr.  Trochanter 
of  do. ;  r-j  Radius;  k,  Ulna; 

Radiale ;  i.  Interme- 
dium ;  «',  Ulnare.  (After 
Mansel-Pleydell.) 


In  C.  portlajtdicus,  of  the  Portland  Oolite  ana  Purbeck,  there  were 
three  short  bones  articulating  with  the  humerus  and  femur  (fig.  999).  It 
is  in  the  Cretaceous,  however,  that  we  meet  with  the  largest  representa- 
tives of  this  group,  which  comprise  C.  cojisiricius,  of  the  European  Gault 
and  Chalk  ;  C.  vetustiis  and  C.  platyiirus,  of  the  Cretaceous  of  North 
America ;  and  C.  Haasti,  in  the  corresponding  strata  of  New  Zealand. 
These  were  enormous  reptiles,  with  an  estimated  length  of  between  30 


1  Occasionally,  as  in  C.  dnrohrivensis,  of  the  Oxford  Clay,  this  bar  may 
absent,  but  it  is  not  known  whether  this  is  only  an  individual  peculiarity. 
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and  40  feet,  and  having  nearly  40  cervical  vertebrae.  In  the  second 
group,  which  apparently  corresponds  to  the  genus  Polycotylus  of  Pro- 
fessor Cope,  we  have,  in  the  Oxford  Clay,  C.  oxonietisis  and  C.  eurymenis, 
in  which  the  humerus  articulates  with  only  the  radius  and  ulna,  and  in 


Fig.  io«,  to.-A  cervical  vertebra  of  CimoUosaums  plicatus ;  from  the  Oxford  Clay.  One- 
fifth  natural  size.   I,  Posterior;  2,  Inferior;  3,  Anterior  aspect.    (After  Phillips  ) 

the  Kimeridge  the  larger  C.  trochanterius,  in  which  the  pisiform  also  joins 
the  humerus  (fig.  998).  The  very  small  C.  valdensis.  of  the  Wealden,  mTy 
have  been  of  freshwater  habits  ;  while  in  the  Chalk  we  find  the  large?  C 
Bernhardt.  This  group  appears  to  have  been  also  represented  in  the 
Cretaceous  of  North  America  and  New  Zealand.  A  species  from  t  e 
Cretaceous  of  Kansas,  described  under  the  name 
of  Tnnacromeron,  has  three  bones  articulating- 
with  the  humerus. 

The  imperfectly  known  genus  Polyptychodon 
{Lutkesaurus),  of  the  Middle  and  Upper  Cre- 
taceous of  Europe,  appears  to  be  allied  to 
Cimoliosaurus, '  but  with   a   relatively  larger 
head  and  teeth,  and  probably  with  a  much 
shorter  neck.     The  teeth,  which  are  very 
abundant  in  the  Cambridge  Greensand,  have 
subcorneal    crowns,    with    strongly  -  marked 
ndges,  of  which  a  considerable  number  gene- 
rally stop  short  of  the  summit.    These  Rep 
^les  must  have  attained   huge  dimensions, 
ihe  genera  we  have  now  to  consider  indicate 
a  different  branch  from  that  to  which  the  two 
preceding  genera  belong.    The  first  of  these 
IS  Ihmimatosaurus  (in  which  Rhovialeosaurus 
may  be  included),  typically  occurring  in  the    —■^'.  ^^^^--.fM., 
Oreat  Oolite  of  Wiirtemberg,  but  extending  f'?!^.  '"Stra'-'is' 
downwards  to  the  Lower  Lias  and  upwards  t°o  smaif  in 

0  the  Kimeridge  Clay  of  England.    In^These  "  ''^ 

oC  carinatd'  Li  thf  ^'IVf^'^^'y  ^-ge,  the  latter  being 

paratively  shori'        the  fiTfi"''  •''"^'^^"^  ^'^S-  996,  b)  com^ 
VOL.  I.  °'      ^"^^^^  ^"I'-^'-ged.    The  neck 

N 


Fig.  too  I .  —  Dorsal  as- 
pect of  part  of  the  left  pelvic 
limb  of  Peloneustes  plUl- 
archus;  from  the  Oxford 
Clay.  One -sixth  natural 
size,  fe.  Distal  half  of 
^^'^V.  Tibia  ;y;  Fibula; 
i  J  Tibiale  ;  i,  Intermedium  ; 
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was  short,  and  the  cervical  vertebrae  have  comparatively  short  and 
distinctly  cupped  subcyUndrical  centra,  carrying  double  costal 
facets  ;  while  the  arches  and  cervical  ribs  were  firmly  articulated  to 
the  centra.  In  the  pectoral  girdle  the  scapulae  and  coracoids  were 
of  the  general  type  of  those  of  Flesiosaurus ;  but  the  clavicular 


TiR.  ioo2.-Anterior  part  of  the  pectoral  girdle  Peloneustes  philarckus;  homt^^  OK^ori 
Clay     Reduced.  Interclavicle  ;  sc.  Scapula;  J>.cor,  Ventral  plate  of  do.    The  ventral 

aspect  is  shown. 

arch  was  greatly  elongated  transversely,  and  was  probably  over- 
lapped by  the  scapulae.  The  humerus  was  longer  or  shorter  than 
the  femur,  and  articulated  only  with  the  radius  and  ulna,  which 
were  considerably  elongated,  and  separated  by  a  distinct  interval. 
This  genus  is  represented  in  the  Lower  Lias  by  T.  megacephahis 
and  T.  arcuatus,  and  in  the  Upper  Lias  by  the  gigantic  T.  Cramp- 
toni,  which  attained  a  length  of  some  twenty  feet. 
The  type  species,  only  known  by  detached  teeth 
and  vertebrae,  occurs  in  the  Great  Oolite  of  the 
Continent ;  while  T.  indicus  (fig.  996,  b)  is  found 
in  the  Upper  Jurassic  of  India. 

In  the  genus  Felonejistes,  of  the  Oxford  and 
Kimeridge  Clays,  the  coracoids  (fig.  1 001)  do  not 
appear  to  have  been  produced  anteriorly  in  the 
middle  line ;  while  the  scapulae  have  their  ventral 
surface  broad  and  flat,  and  the  dorsal  surface  re- 
duced (fig.  1002).  The  same  figure  also  shows  the 
extremely  small  size  of  the  interclavicle.  The  ischia 
were  very  long.  The  mandibular  symphysis  (fig. 
996,  c)  is  greatly  elongated  ;  but  the  vertebrae  agree 
with  those  of  Thmtmatosaiirus  in  the  firm  attach- 
ment of  the  arches  and  cervical  ribs  to  the  centra, 
although  the  centra  themselves  have  the  terminal  faces  flatter 
nnd  wfth  a  transversely  elliptical  and  somewhat  angulated  contour. 
The  radius  and  ulna  are  nearly  as  broad  as  long,  and  have  or^y 
TvLv  small  interval  between  them.  The  most  specialised  genus 
of   his  branch   s  Fliosaurus  (Ischyrodon,  Spondylosaurus  or  Do- 


Fig.  1003.— Crown 
of  a  tooth  of  Flio- 
saurus brachydinis  ; 
from  the  Kimeridge 
Clay  of  Ely.  One- 
half  natural  size. 
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pleurodon),  which  thus  occupies  a  somewhat  similar  position  to  the 
one  held  by  Polypiychodon  in  the  preceding  branch.  This  genus 
is  represented  by  several  species  of  gigantic  Reptiles  ranging  from 
the  Oxford  to  the  Kimeridge  Clay,  but  of  which  derived  remains 
are  also  found  in  the  Lower  Greensand  of  Potton,  in  Bedford- 
shire. The  skull  and  teeth  (fig.  1003)  are  relatively  very  large; 
the  former  having  a  somewhat  shorter  mandibular  symphysis  than 
in  Felonetistes.  The  teeth  are  carinated,  and  in  the  Kimeridgian 
species  the  space  between  the  two  carin£e  is  nearly  flat,  and 


and  the.  .nner  borders  should  have  been  ^l^^fd  r^^^^'^^^'^^l^t'l^^^l^ll^^^^^^ 

vt7eL°(fif '"o.^^''  "T'  \  ''''  ^he  cervical 

faces  o  fhe'  ^l  '''"'^^'^^^  '^^g^'  ^ith  nearly  flat  terminal 
twoVstint  anZotTvr^^^^  ^"  -g'-  have 

feature  "f  airthe  verteb  i'  ^271  '"'l^  '^^^^^^  ^  P^^"'-^ 
lated  to  the  centrn  hv  .       '  "^^'^  '-^rticu- 

detached.  The  pectonl  Jirl^  '°  '^V''  ''^'^y'  ^-"d 
of  P./.^.   /    u  g"^dle  was  of  the  general  type  of  thnt 

aL2  "Th:'  humerus       ^H^"'^'^^  ^^^^        -^-''--'e  wa 
adius  and  uLa  in  S^e  T      T''  f^™^^'  '-^"d  the 

na  Ulna  m  the  Kimendgian  forms  have  become  much 
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shorter  than  in  that  genus,  and  have  scarcely  any  intervening 
space,  but  in  one  of  the  species  from  the  Oxford  Clay  they 
have  the  same  form  as  in  the  latter.  The  general  arrangement  of 
the  ventral  bones  of  the  pelvis  is  shown  in  the  woodcut.  In  the 
huge  P.  macromerus,  of  the  Kimeridge  Clay,  the  length  of  the 
lower  jaw  was  nearly  six  feet,  and  that  of  the  femur  one  yard,  by 
which  some  estimate  can  be  formed  of  the  gigantic  dimensions 
attained  by  the  entire  animal.  Pliosaurs  were  widely  distributed 
over  Europe,  and  have  been  described  from  England,  Germany 
(as  Ischyrodon),  France  (as  Liopleurodo7i),  and  Russia  (as  Spottdylo- 
saurus).    No  remains  of  this  genus  have,  however,  been  hitherto 


recorded  from  America.  The  less  specialised  characters  of  the 
Oxfordian  forms,  as  shown  by  the  structure  of  the  teeth,  and  the 
longer  radius  and  ulna,  indicate  affinity  with  Peloneiistes. 

Finally,  it  may  be  mentioned  that  in  addition  to  the  names 
already  recorded  the  terms  Piptotnerus,  Orophosaurus,  and  Uro- 
nautes  have  been  applied  by  Professor  Cope  to  Sauropterygian  re- 
mains from  the  Cretaceous  of  North  America ;  while  a  tooth  from 
the  Kimeridgian  of  France,  described  under  the  name  of  Haviato- 
saurus,  has  likewise  been  shown  to  belong  to  this  order,  although 
originally  regarded  as  Crocodilian. 

Order  III  Chelonia.— With  the  Tortoises,  Turtles,  and  their 
allies  we  enter  upon  the  consideration  of  the  first  of  the  existing 
orders  of  Reptiles.  In  this  order  the  cervical  and  dorsal  vertebrae 
are  not  numerous ;  the  body  is  short  and  wide,  and  has  a  more  or 
less  complete  bony  shell,  of  which  the  ventral  part,  or  plastron,  con- 
Sts  of  few  elements  of  dermal  origin,  while  the  dorsal,  or  carapace 
may  be  in  great  part  of  endoskeletal  origin.  There  is  generally  a 
hornv  epidefmal  exoskeleton.  The  skull  may  occasionally  have  two 
temporTarcades,  but  more  generally  only  the  lower  one  .  presen 
^fia  1 007)  and  in  some  cases  even  that  may  be  absent.  The  nares 
%  o°I  'a'e  single  and  terminal;  the  premaxillee  very  small ;  and 
JhL  is  to  parietal  foramen  in  the  adult;  but  there  is  a  distinct 
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opisthotic  bone  (fig.  1024).  The  dentary  bones  of  the  mandible 
are  generally  fused  together ;  the  postorbital  is  welded  with  the  post- 
frontal,  and  usually  the  prefrontal  with  the  nasal ;  while  the  supraoc- 
cipital  is  prolonged  backwards.  There  is  no  transverse  bone.  The 
palate  is  completely  closed  by  the  junction  of  the  pterygoids  with 
the  basisphenoid,  and  often  with  one  another  (fig.  1017  bis).  In  all 
existing  forms  teeth  are  absent,  and  the  trenchant  jaws  ensheathed  in 
horn.   Each  rib  articulates  at  the  junction  of  two  vertebrae ;  there  are 


JiLnt;r^r^Ll,^rr:L°oved'  MucT"educe'/°!}"lf  loggerhead  Turtle  mai^sockelys 
sides  are  here  represented  as  widely  ^^Zllto^t.^^lZr^^^  °f  °PPO-'e 

Z  "tVl  "°  transverse  processes  to  the  dor- 

sal vertebra.    The  vertebra  may  have  procoelous,  opisthoccelous  or 

dfvfdtr  ?n  ^r'"  "       ""^  P^"^   ''''''  °f  thetme  in- 

tt  Jbs  thJV     P^f.°^'^J  (%•  ^°o8),  which  is  situated  within 

ne  ribs,  the  coracoid  is  the  widest  of  the  three  cartilage  bones  •  ind 

ect^rrfhr'  P^rr^l^'  -  res^ctive  /cor, 

nec  inn  '""'f ligamentous  tissue  only.    The  con- 

nection between  the  scapula  and  precoracoid  is  short!  and  there  is 
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no  trace  of  a  sternum.  In  the  plastron  (fig.  1009),  developed  on 
the  ventral  aspect,  the  epiplastrals  (es)  and  entoplastral  (j)  corre- 
spond to  the  three  plates  of  the  Labyrinthodont  thoracic  buckler, 


Fig.  1007.— Left  lateral  aspect  of  the  skull  of  Testudo.  Premaxilla  ;       Maxilla ;  ff. 

Prefrontal  and  nasal ;  /,  Frontal ;  Parietal ;  o,  Supraoccipital  ;  z,  Jugal,  behind  which  is  the 
quadratojugal,  and  above  the  postfrontal ;  t,  Quadrate,  showing  the  incompleteness  of  the  tym- 
panic ring  posterioi  ly ;  the  bone  above  this  ring  is  the  squamosal. 

and  apparently  represent  the  clavicles  and  interclavicle.  ^  There 
are  in  addition  paired  hyo-,  hypo-,  and  xiphiplastrals ;  and  in  some 

forms  (fig.  1012)  there  are  mesoplastrals 
intercalated  between  the  hyo-  and  hypo- 
plastrals.  The  pelvic,  like  the  pectoral 
girdle,  becomes  in  the  adult  placed  on 
the  inner  side  of  the  ribs,  and  has  the 
pubis  much  larger  than  the  ischium  (fig. 
1006).  The  two  latter  may  be  anchylosed 
to  the  xiphiplastral,  and  the  obturator 
notch  may  be  converted  into  a  foramen. 
The  humerus  has  an  ectepicondylar  groove, 
which  is  occasionally  converted  into  a  fora- 
men. There  is  a  centrale  in  the  carpus 
(fig.  829),  and  in  the  Chelydrida  also  in 
the  tarsus.  The  tarsus  may  probably  be 
regarded  as  having  five  distinct  tarsalia, 
as  in  the  Amphibia  and  Mesosaunis.  In 
both  the  manus  and  pes  there  are  always 
five  digits,  with  a  variable  number  of 
phalangeals.  Not  unfrequently  the  bones  of  the  palate  develop 
inferior  plates  to  floor  the  nasal  passage,  and  thus  produce  second- 
ary posterior  nares  with  a  vertical  aperture.    Since  the  palseonto- 


Fig.  IC08. — Right  side  of  the 
pectoral  girdle  of  Testudo.  s, 
Scapula ;  a,  Precoracoid  ;  c, 
Coracoid. 
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legist  generally  has  to  deal  with  what  is  frequently  and  conveniently 
termed  the  shell, — that  is,  the  carapace  and  plastron  together, — 
attention  must  be  more  particularly  directed  to  its  structure  in  the 
more  typical  forms.  Commencing  with  the  epidermal  skeleton  of 
those  forms  in  which  this  is  fully  developed,  we  find  that  it  con- 
sists of  horny  shields,  which  usually  have  their  edges  in  apposi- 
tion, but  occasionally  overlap  (fig.  102 1).  On  the  upper  surface 
there  are  five  vertebral  shields  in  the  middle  line,  on  either  side  of 
which  there  are  four  costals  ;  while  the  border  has  24  or  25  smaller 
shields,  of  which  the  median  anterior  one  (when  present)  is  termed 
the  nuchal,  and  the  double  or  single  posterior  shields  are  known 


fclaifcIev'TFn?^'i°^*1  plastron  of  Tluilassochelys  caretta.    Much  reduced,    es,  Epiplastral 

as  the  caudah;  the  remaining  eleven  on  either  side  being  reckoned 
as  marginals.  The  position  of  all  these  shields  is  exhibited  in 
ng-  1017.  On  the  ventral  aspect  of  the  plastron  (fig.  10 16) 
there  are  usually  six  pairs  of  shields,  of  which  the  most  anterior 
are  termed  gulars,  the  next  humerals  {S>ostgulars);  the  next  pecto- 
rals; then  the  abdominals;  the  femorals ;  and  finally  the  a,tals 
in  some  cases,  however,  there  is  an  additional  inter^dar  (very 
arely  double),  which  is  usually  (as  in  fig.  1012)  placed  between 
ine  guiars,  but  m  some  cases  may  be  situated  below  the  gulars 
as  in  by  the  gulars,  humerals,  and  pectorals,' 

where  ,  ^"         '^^^""^^  Arch<^ochelys,  of  the  Wealden 

rene.  nf  ^"'''g"^''  °^^"Pi^s  the  latter  position,  there  is  also  a 
series  ot  apparently  smgle  mterpectoral,  interabdominal,  and  inter 
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femoral  shields  dividing  the  normal  pairs  of  plastral  shields ;  and  it 
is  probable  that  this  may  be  regarded  as  the  archaic  type.  Similarly 
in  a  Chelonian,  mentioned  below  under  the  name  of  Tropidejnys, 
there  is  a  median  series  of  intervertebral  shields  dividing  the  normal 
vertebrals  into  two  lateral  rows.  In  some  cases  inframarginal 
shields  separate  the  marginal  from  the  plastral  shields. 

The  bones  of  the  carapace,  although  following  the  same  general 
arrangement,  do  not,  as  will  be  seen  from  the  figures,  by  any  means 


Fiff  looq^w. -Upper  surface  of  the  carapace  of  Thalassochelys  caretta,  with  the  epidermal 
shields  removed.  The  dark  lines  in  the  middle  region  indicate  the  boundaries  of  the  shields  and 
the  sinuous  ones  the  sutures  between  the  bones,  nu,  Nucha!  bone  Pygal  do  the  bone 
Ibove  thl  marked  n  and  the  next  are  the  suprapygals  ;  above  these,  the  ^'ght  n«"'-^=.  °f 
the  first  is  marked  n;c,c,  Costal  bones;  7n,m,  Marginal  Ao.;v,v,  Vertebral  shields.  Much 
reduced.    (After  Owen.) 


correspond  with  the  overlying  shields.  In  those  forms  with  a  well- 
developed  carapace  there  are  typically  (fig.  1017)  eight  median 
neural  bones  formed  by  the  expansion  of  the  spines  of  the  dorsal 
vertebra  (fig.  loio);  these  being  preceded  by  a  nuchal,  and  fol- 
lowed by  two  or  more  suprapygals  and  a  pygal,  all  of  which  have 
no  connection  with  the  vertebrte.  While,  however,  the  nuchal  is  a 
cartilage  bone,  the  pygal  and  suprapygals  are  of  purely  dermal  origin. 
On  either  side  of  this  median  row  is  a  series  of  from  seven  to  nme 
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cos^a/ hones  (fig.  1009  h's)  formed  by  the  development  of  a  plate  on  the 
outer  surface  of  each  rib  (fig.  loio) ;  while  the  sides  of  the  carapace 
are  completed  by  the  eleven  margina/s,^  which  are  dermal  ossifica- 
tions, and  eight  of  which  receive  the  extremities  of  the  ribs  from  the 
second  to  the  ninth.  In  all  young  individuals,  and  in  many  of  the 
marine  Turtles  (fig.  loogh's),  the  costal  bones  do  not  extend  to  the 
extremities  of  the  ribs,  and  consequently  leave  vacuities  on  the  inner 
side  of  the  marginals,  but  in  the  land  Tortoises  and  their  allies  (fig. 
1017)  the  carapace  is  entirely  bony.  In  some  instances,  again,  the 
number  of  neural  bones  may  be  reduced  (as  in  fig.  10 14,  where 
there  are  but  seven),  arid  very  rarely  they  are  entirely  wanting,  so 
that  all  the  costals  meet  in  the  middle  line.  The  two  suprapygals 
may  also  be  reduced  to  one,  as  in  fig.  10 14.  Similar  variations 
occur  in  respect  to  the  degree  of  ossification  of  the  plastron  ;  since 


Fig.  loio.— Transverse  section  through  the  shell  oi  Ckelone  mydas.    Reduced,    c  Vertebral 


while  in  all  young  individuals,  and  in  the  existing  marine  forms  (fig. 
1009)  throughout  a  great  part  or  the  whole  of  life  there  are  vacuities 
between  the  bones,  in  the  land  Tortoises  and  their  allies  the  bones 
are  all  connected  by  suture. 

In  the  marine  Turtles  the  plastron  is  totally  unconnected  with 
the  carapace ;  but  in  most  other  forms  the  hyo-  and  hypoplastrals 
send  up  longer  or  shorter  peduncles  underlying  the  marginals,  and 
in  some  cases  also  the  costals  of  the  carapace,  and  thus  form  well- 
marked  axillary  and  inguinal  buttresses.  These  peduncles  are 
longest  in  some  of  the  existing  Pleurodira;  while  the  inward  prom- 
inence of  the  buttresses  is  most  marked  in  the  Indian  Batagurs. 

Considerable  variation  occurs  in  the  skulls  of  the  different  groups 
but  it  can  only  be  mentioned  here  that  in  some  genera  like  Chelydra 
ana  Lhelone  the  supratemporal  fossa  is  more  or  less  completely 
roofed  over  by  the  development  of  plates  extending  outwards  from 
we  parietal  and  backwards  from  the  postfrontal ;  this  roof  being 
^^^^  Occasionally  the  number  of  marginals  may  be  increased  to  twelve  or  reduced 
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most  complete  among  existing  forms  in  Chelone  and  Dermochdv, 
where  the  panetal  joins  the  squamosal.    In  such  cases 
to  the  mfenor  temporal  arcade  formed  by  the  quadra  e  quadrato 
jugal  and  jugal.  as  in  fig.  X007,  there  is  also  a  suVriof  aVcTde  con- 
stituted by  the  squamosal  and  postfrontal.    Whereas,  however  such 
arcades  m  the  Crocodilia  (fig.  X089)  are  separated  by  the  infra  em 
poral  fossa,  m  the  Chelonia  they  are  in  immediate  contact. 

The  feet  may  either  have  all  the  digits  free,  or  enclosed  in  a  com- 
mon mtegument  to  form  paddles. 

acSrse5"bvT,  °f  e^i^ting  Chelonians  is  a  very  peculiar  bone  char- 
acterised by  Its  extremely  prominent  globular  head;  but  in  certain 
Jurassic  forms  {e.g  Acichelyidc,)  this  head  was  much  smaller  so  tha" 
he  bone  departs  less  from  a  normal  type.  On  either  side  of  this  head 
here  is  a  projecting  ridge,  of  which  the  radial,  or  preaxial,  one  (generaUv 
termed  the  lateral  process)  corresponds  with  the  deltoid  crest  of  the  Cro 
codhan  humerus;  while  the  ulnar  or  postaxial  (mesial)  process  repre- 
the  , tuberosity  of  the  same.  In  all  Pleurodiian  Testudinata 
he  radial  process  is  comparatively  small,  and  the  ulnar  process  placed 
in  the  same  transverse  line  as  the  distal  surface  of  the  bone.  In  many 
Cryp  odira,  however,  and  more  especially  in  the  land  Tortoises  the 
radia  process  forms  a  thin  plate  extending  towards  the  ventral  aspect, 
and  the  ulnar  process  becomes  twisted  round  to  the  same  aspect ;  thus 
causing  the  pit  between  the  two  processes  to  form  a  narrow  funnel-shaped 
channel  instead  of  being  very  broad  and  open.  At  the  same  time  the 
shaft  becomes  extremely  curved.  In  the  marine  Turtles,  where  the  shaft 
is  nearly  straight,  the  radial  process  tends  to  become  aborted,  and  to 
attain  a  position  more  or  less  below  the  head.  In  the  Athecata,  which 
likewise  have  a  nearly  straight  humerus,  the  radial  process,  while  de- 
scending on  the  shaft,  tends  to  an  excessive  development. 

In  time  this  order  dates  from  the  Upper  Trias;  and  it  had 
attained  great  development  in  the  Upper  Jurassic,  from  which  date 
it  appears  to  have  gone  on  increasing  till  the  later  Tertiary. 

Considerable  diversity  of  views  obtains  as  to  the  classification 
of  the  Chelonia,  but  according  to  the  system  now  followed  in  the 
British  Museum  it  may  be  divided  into  the  two  suborders  Athecata 
and  Testudinata. 

Suborder  i.  Athecata. — This  group  contains  those  forms  which 
have  been  usually  regarded  as  showing  the  nearest  approximation  to 
other  Reptiles,  and  therefore  representing  the  most  generalised  type 
of  the  order.  Dr  Baur,  however,  takes  the  opposite  view,  and  re- 
gards them  as  the  most  specialised  group,  which  has  tended  to  more 
or  less  completely  lose  the  carapace.  Before,  however,  a  decisive 
opinion  can  be  given  on  this  question  it  must  be  determined  whether 
the  absence  of  a  bony  connection  in  this  group  between  the  parietals 
and  pterygoids  is  to  be  regarded  as  an  acquired  or  as  an  original 
feature.  It  may  be  observed  that  Dr  Baur  regards  the  group  as 
closely  allied  to  the  Chelonidce,  but  if  the  undermentioned  Triassic 
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genus  Psephoderma  be  rightly  referred  to  it,  we  have  at  once  a  great 
obstacle  to  the  acceptance  of  his  view.  ,      ,  . 

The  suborder  may  be  briefly  characterised  by  the  circumstance 
that  the  carapace  is  entirely  of  dermal  origin,  and  quite  separate 
from  the  vertebrae  and  ribs,  and  may  consist  merely  of  a  series  of 
mardnal  bones,  or  of  marginals  with  a  single  median  dorsal  row  of 
broad  scutes,  or  of  a  number  of  small  irregular  scutes,  with  longi- 
tudinal rows  of  larger  ones;  while  the  plastron  (fig.  101 1)  has  no 
entoplastral  (interclavicular)  element.  The  cranium  is  characterised 
by  the  absence  of  vertical  plates  connecting  the  parietals  with  the 
pterygoids  All  the  forms  are  of  marine  habits,  and  consequently 
the  extremities  of  the  limbs  are  modified  into  paddles  like  those  of 
the  ChelonidcB. 

Before  noticing  the  two  estabhshed  families,  it  may  be  observed 
that  the  imperfectly  known  Psephoderma  of  the  Upper  Trias  of 
Bavaria  and  England  is  founded  on  a  specimen  which  appears  to 
be  a  carapace  of  a  member  of  this  suborder,  although  it  has  been 
suggested  that  it  is  not  Chelonian  at  all.  This  presumed  carapace  is 
formed  of  a  number  of  polygonal  scutes,  traversed  by  longitudinal 
rows  of  keeled  scutes.  Here  also  may  be  mentioned  the  genus 
Macellognathus,  founded  upon  the  anterior  portion  of  a  toothed 
mandible  from  the  Upper  Jurassic  of  North  America,  which  Pro- 
fessor Marsh .  regards  as  showing  affinity  with  the  Chelonia,  and 
which  may  possibly  indicate  a  generalised  family  of  the  present 
suborder. 

Family  PROTOSTEGiDiE. — This  family  is  usually  regarded  as  the 
least  specialised  of  the  two  that  are  yet  established,  although  an 
opposite  view  is  taken  by  Dr  Baur.  The  carapace,  according  to 
the  interpretation  of  that  authority,  is  represented  merely  by  a  row 
of  marginal  scutes;  but  the  plastron  is  strongly  developed,  and 
composed  of  very  thick  ossifications.  The  type  genus  Protostega 
occurs  typically  in  the  Cretaceous  of  North  America.  It  was  con- 
sidered by  its  describer  Professor  Cope  to  have  possessed  a  solid 
carapace,  but  the  bones  which  he  regarded  as  probably  dorsal  appear 
to  belong  to  the  plastron.  It  was  also  suggested  that  the  dorsal 
vertebrae  were  proccelous,  with  traces  of  transverse  processes ;  but 
these  vertebrae  are  probably  referable  to  the  cervical  region.  The 
type  species  attained  very  large  dimensions.  An  allied  form  from 
the  Upper  Cretaceous  of  Italy  has  been  described  under  the  name 
of  Protosphargis  (fig.  loii),  but  further  evidence  is  required  to 
prove  its  right  to  generic  distinction  from  the  American  form.  It 
has,  indeed,  been  asserted  that  there  were  no  marginal  bones, 
but  according  to  Dr  Baur  this  is  incorrect.  In  the  Cambridge 
Greensand  and  the  English  Chalk  there  occur  humeri  of  Athecate 
Chelonians  which  have  been  provisionally  referred  to  Protostega. 
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It  is  uncertain  whether  the  remains  from  the  American  Cretaceous 
described  as  Atlantochelys  belong  to  the  last-named  genus. 

Family  Dermochelyid/e.— This  family  is  characterised'by  having 
a  carapace  composed  either  of  a  median  row  of  large  and  broad 
scutes  and  lateral  marginal  rows,  or  of  a  mosaic  of  small  irregular 
scutes,  or  tessarse,  traversed  by  longitudinal  rows  of  larger  ones. 
The  plastron  varies  considerably ;  and  the  humerus,  which  is  of  the 
flattened  type  of  that  of  the  ChelonidcB,  is  distinguished  from  that 
of  the  preceding  family  by  the  great  development  of  its  radial  pro- 


cess, which  is  situated  near  the  middle  of  the  shaft.  The  skull  has 
the  temporal  fossse  completely  roofed,  as  in  the  Chelonida,  and 
an  open  tympanic  ring,  but  has  no  bony  floor  beneath  the  narial 
passage.  Whereas  all  the  members  of  the  preceding  family  are  of 
moderate  size,  several  representatives  of  the  present  one  attained 
huge  dimensions.  The  earliest  representative  is  the  genus  Eosphargis, 
of  the  London  Clay,  of  which  the  one  known  species  was  originally 
described  as  Chelone  gigas.  The  skull  is  of  the  general  type  of  that 
of  the  next  genus,  but  the  carapace  apparently  consists  only  of  a 
median  row  of  very  broad  and  large  carinated  scutes,  and  also  of 
a  row  of  marginals ;  the  structure  of  the  plastron  is  not  definitely 
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known,  but  it  was  doubtless  devoid  of  tessaras.  The  allied  Psepho- 
phorus,  ranging  in  Europe  from  the  Middle  Eocene  to  the  Upper 
Miocene,  and  also  found  in  the  Upper  Eocene  of  the  United  States, 
is  characterised  by  the  presence  of  a  complete  tesselated  carapace 
and  plastron.  In  the  carapace  the  longitudinal  rows  of  larger  scutes 
are  not  carinated,  and  are  more  approximated  than  in  the  existing 
genus ;  the  carapace  is  also  thicker  than  in  the  latter ;  and  there 
are  larger  marginals.  It  is  also  suggested  that  the  carapace  may 
have  had  horny  epidermal  shields.  The  skull  is  short  and  much 
depressed.  The  existing  genus  Dermochelys  {Sphargls)  is  represented 
only  by  the  well-known  Leathery-turtle,  and  is  characterised  by  the 
absence  of  a  tesselated  plastron ;  by  the  carination  of  the  scutes  of 
the  larger  rows  of  the  carapace ;  by  the  comparative  thinness  of  the 
carapace,  which  is  devoid  of  epidermal  shields ;  and  by  the  longer 
and  more  vaulted  skull.  It  is,  moreover,  worthy  of  note  that  in 
this,  as  in  the  preceding  genus,  there  is  a  distinct  nuchal  bone  at 
the  anterior  extremity  of  the  carapace,  corresponding  to  the  nuchal 
of  the  Testudinata ;  but  there  are  no  marginal  ossifications.  The 
one  existing  species  of  Dermochelys  attains  a  length  of  nearly  five 
feet,  but  a  species  of  Psephophorus  is  estimated  to  have  been  as 
much  as  ten  feet  in  length.  The  skull  of  Eosphargis,  although 
much  larger  than  that  oi  Psephophorus,  does  not  apparently  indicate 
a  much  larger  carapace. 

Suborder  2.  Testudinata. — This  suborder,  for  which  the  name 
Thecophora  ^  is  also  employed,  includes  by  far  the  great  majority 
of  the  order,  or  all  those  forms  commonly  known  as  Tortoises, 
Terrapins,  and  Turtles.  The  group  is  characterised  by  the  middle 
region  of  the  carapace  being  formed  of  bony  plates,  developed 
primarily  from  the  ribs  and  the  neural  spines  of  the  dorsal  vertebrae, 
to  which  it  is  firmly  welded.  The  outer  surface  of  the  carapace  is 
very  generally  smooth  and  overlain  by  horny  epidermal  shields,  but 
it  may  be  sculptured  and  devoid  of  such  shields.  The  parietal 
bones  of  the  skull  in  all  cases  send  down  vertical  descending  plates, 
which  may  either  unite  directly  with  the  pterygoids,  or  be  separated 
therefrom  by  the  intervention  of  the  columella  or  epipterygoid.  It 
may  be  observed  that  in  nearly  all  the  Mesozoic  forms  the  vertebral 
shields  are  very  wide,  and  that  this  condition  obtains  in  the  young 
of  the  later  forms.  This  suborder  may  be  divided  into  four  sec- 
tions ;  one,  and  not  improbably  two,  families  of  the  third  section 
being  of  marine  habits. 

Section  i.  Amphichelydia. — This  section  is  formed  for  the 
reception  of  certain  extinct  Chelonians,  mostly  of  Mesozoic  age, 
which  combine  in  a  remarkable  manner  the  characters  of  the  two  fol- 
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This  name  is  objectionable,  as  being  employed  for  an  order  of  Hydroid 
Zoophytes  {vide  supra,  vol.  i.  p.  203). 
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owing  sections,  and  may  probably  be  regarded  as  the  survivors  of 
the  earlier  ancestral  types  from  which  those  two  sections  took  origin 
They  are  all  characterised  by  the  presence  of  a  mesoplastral  bone' 
and  of  an  intergular  shield  in  the  plastron ;  and  the  pelvis  may  or 
may  not  be  connected  with  the  xiphiplastrals.  The  entoplastral  is 
rhomboidal.    The  skull  and  cervical  vertebrae  are  unknown 

Family  Pleurosternid^.— All  the  members  of  this  section  may 
be,  at  least  provisionally,  included  in  this  family.  In  addition  to 
the  characters  given  above,  it  may  be  observed  that  the  shell  is 
fully  ossified,  and  that  the  carapace  has  a  complete  series  of 
neural  bones,  of  which  the  hindmost  articulates  with  the  anterior 

suprapygal  bone.  On  the  sup- 
position that  the  Chelonian 
plastron  is  derived  from  a 
system  of  abdominal  ribs  like 
those  of  the  Rhynchocephalia 
and  Sauropterygia,  it  will  be 
evident  that  the  mesoplastral 
of  the  present  group  is  an 
archaic  feature. 

In  the  typical  genus  Pleuro- 
sfernum  {Megastertttim  or  Di- 
gerrhufji),  which  occurs  com- 
monly in  the  English  Purbeck, 
and  is  also  found  in  the  Port- 
land Oolite,  the  shell  is  broad 
and  depressed,  with  complete 
mesoplastrals    (fig.    1012),  a 
large  and  wide  entoplastral,  a 
single  intergular  shield,  and  no 
nuchal  shield.     In  the  adult 
the   pubis   articulates  with  a 
smooth  facet    on   the  xiphi- 
piastrai, thus  foreshadowing  the 
complete  sutural  union  which 
occurs  between  these  bones  in 
the  Pleurodira ;  but  in  the  young  it  appears  that  there  was  no  such 
articulation.    The  neural  bones  of  the  carapace  are  hexagonal  and 
comparatively  long ;  while  the  vertebral  shields  (as  in  so  many  of 
the  earlier  Chelonians)  were  relatively  wide.    Further,  inframarginal 
shields  (shown  in  fig.  1012)  were  developed  between  the  shields  of 
the  plastron  and  the  marginal  shields  of  the  carapace ;  while  the 
extremities  of  the  xiphiplastrals  were  notched.    The  bones  of  the 
pectoral  girdle  and  the  humerus  approximate  to  those  of  the  existing 
Pleurodiran  genus  Chelys. 


Fig.  1012. — The  plastron  of  Pleuroste-nium 
Bullocki;  from  the  Purbeck  of  Dorsetshire.  One- 
third  natural  size,  ig,  Intergular  scute  ;  g,  Gular 
do.  ;  pec.  Pectoral  do.  ;  ab.  Abdominal  do.  ;  /em. 
Femoral  do. ;  an,  Anal  do. ;  e.f,  Epiplastral 
bone ;  entp,  Entoplastral  do. ;  hy.p,  Hyoplastral 
do. ;  ms.p,  Mesoplastral  do. ;  hp.p,  Hypoplastral 
do. ;  xp,  Xiphipiastrai  do. 
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Much  confusion  has  arisen  in  regard  to  this  genus  owing  to  a 
nlastron  having  been  described  under  the  name  of  Platemys  Bullocki, 
under  the  erroneous  impression  that  it  had  been  obtained  from  the 
London  Clay.  Remains  of  Fleurosterm^n  are  extraordinarily  abun- 
dant in  the  Purbeck  of  Dorsetshire ;  and  include  specimens  of  all 
ages  from  the  newly  hatched  young,  with  a  carapace  of  a  couple  of 
inches  in  length,  to  adult  specimens  which  are  close  upon  twenty 
inches.  Curiously  enough,  however,  no  specimen  of  the  skull 
seems  to  have  been  obtained.  The  young  appears  to  have  differed 
considerably  in  the  details  of  the  shell  from  the  adult ;  thus,  not 
only  was  the  pubis,  as  already  mentioned,  entirely  unconnected 
with  the  plastron,  but  the  marginal  bones  encroached  in  a  remark- 
able manner  upon  the  front  of  the  nuchal.  Moreover,  it  seems 
that  in  very  young  individuals  the  vertebral  shields  were  divided  in 
the  middle. 

In  Helochelys,  of  the  Lower  Greensand  of  Bavaria,  we  have  an- 
other genus  also  furnished  with  complete  mesoplastrals,  but  ap- 
parently without  any  articulation  between  the  pubis  and  the 
plastron.  The  shell  is  ornamented  with  a  pustular  sculpture  re- 
sembling that  found  in  the  genus  Tretosiernum,  mentioned  below 
among  the  Chelydridce.  The  plastron  differs  from  that  of  Pleuro- 
sternum  in  that  the  xiphiplastrals  were  not  notched;  and  there 
appears  to  have  been  a  nuchal  shield. 

The  next  two  genera,  constituting  the  family  Baenidce  of  Professor 
Cope,  may  be  at  least  provisionally  placed  here.  Both  are  devoid 
of  a  bony  attachment  between  the  pelvis  and  plastron.  The  genus 
Platychelys  {Helemys),  typically  from  the  Lower  Kimeridgian  litho- 
graphic limestone  of  the  Continent,  is  readily  distinguished  by  the 
number  of  irregular  ridges  and  prominences  on  the  carapace  (fig. 
1013),  and  by  the  width  and  irregular  contour  of  the  neural  bones. 
The  mesoplastrals  are  small,  and  widely  separated  in  the  middle 
line ;  and  the  intergular  shield  is  single. 

The  genus  Baena,  from  the  Eocene  of  the  United  States,  has  the 
mesoplastrals  meeting  only  by  a  point  in  the  middle ;  and  is  further 
remarkable  for  the  presence  of  double  intergular  shields,  and  the 
presence  of  a  small  additional  costal  shield  in  advance  of  the  normal 
first  costal.  The  caudal  vertebrae  are  opisthocoelous.  Professor 
Cope,  who  places  this  genus  in  the  Cryptodira,  regards  it  as  indi- 
cating a  generalised  type,  showing  marked  signs  of  affinity  with  the 
Pleurodira,  and  exhibiting  traces  of  an  imperfect  connection  between 
the  pelvis  and  the  plastron.  The  extinct  North  American  genus 
Polythorax  should  perhaps  be  also  placed  in  this  family,  although  it 
is  not  certain  that  it  is  not  allied  to  the  Cryptodiran  Adorns. 

Here  also  may  be  mentioned  the  very  imperfectly  known  genus 
Archaochelys,  of  the  English  Wealden,  in  which,  as  observed  above, 
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the  paired  shields  of  the  plastron  were  separated  by  a  median  series 
of  azygous  shields,  which  probably  extended  backwards  from  the  in- 
tergular  to  the  extremity  of  the  xiphiplastral/  If  the  separate  bones 
are  rightly  interpreted,  it  would  appear  that  the  plastron  had  a 
mesoplastral  element,  which,  instead  of  being  situated  in  the  middle 
of  the  bony  bridge  as  in  Fleurostermmt  (fig.  1012),  and  taking  no 
part  in  the  formation  of  the  axillary  notch,  formed  the  anterior  part 
of  this  bridge  and  the  whole  of  the  notch.  The  hyoplastral  would 
therefore  be  entirely  above  the  latter  notch,  as  in  the  existing  Pleu- 


Fig.  1013. — Carapace  oi  Platychelys  Oberndor/eri :  from  the  Lower  Kimeridgian  of  Bavaria. 
One-third  natural  size.    (After  Wagner.) 

rodiran  genus  Sternotlmrus.  Possibly  also  a  Chelonian,  from  the 
Lower  Jurassic  of  Stonesfield,  described,  upon  the  evidence  of  the 
impressions  of  the  epidermal  shields  of  the  carapace,  under  the 
name  of  Testudo  Stricklandi,  should  also  find  a  place  in  this  group. 
The  name  Protochelys  may  be  proposed  for  this  form,  which  has 
certainly  nothing  to  do  with  Testudo. 

Section  2.  Pleurodira. — The  members  of  this  section  are,  as 
a  rule,  characterised  by  the  complete  ossification  and  union  of  the 
carapace  and  plastron,  and  by  the  full  development  of  the  marginal 
bones,  which  are  connected  with  the  ribs,  as  well  as  by  the  sutural 
union  or  anchylosis  (synostosis)  of  the  pelvis  with  both  the  carapace 
and  the  xiphiplastral  part  of  the  plastron.    Very  frequently  the  first 
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suprapygal  bone,  and  some  (fig.  1014)  or  occasionally  all  of  the 
neural  bones  are  absent ;  and  when  epidermal  shields  are  developed 
an  intergular  (as  in  fig.  1012)  is  present  on  the  plastron.  This 
shield  is,  however,  sometimes  found  in  the  next  section,  in  which 
the  neurals  may  also  be  reduced  in  number.  The  entoplastral 
bone  (as  in  the  preceding  section)  is  either  oval  or  rhomboidal ; 
and  a  mesoplastral  bone  (compare  fig.  1012)  may  be  present. 

In  the  skull  of  existing  and  Tertiary  types  the  tympanic  cavity  is 
completely  surrounded  by  the  quadrate,  which  forms  an  unbroken 
ring;  the  articular  surface  of  the  quad- 
rate has  a  concavity  for  the  reception  of 
a  condyle  on  the  mandible ;  the  pteryg- 
oids are  very  broad  and  wing-like ;  the 
vomer  may  be  absent,  so  that  the  pala- 
tines may  meet  in  the  middle  line ;  and 
there  may  be  distinct  nasals,  and  a  suture 
in  the  mandibular  symphysis.  The  cer- 
vical vertebra  have  well-developed  trans- 
verse processes,  and  single  terminal  ar- 
ticulations ;  while  there  are  never  more 
than  three  phalangeals  to  the  digits. 

The  Pleurodira  are  further  character- 
ised by  their  inability  to  retract  the  head 
directly  within  the  carapace;  but  the 
neck  is  bent  on  one  side  and  the  head 
thus  brought  within  the  margin  of  the 
shell.  In  all  cases  the  labyrinth  of  the 
ear  is  completely  open  from  behind. 

At  the  present  day  this  section  is  al- 
most exclusively  confined  to  the  southern 
hemisphere;  but  in  the  Eocene  forms 
more  or  less  nearly  allied  to  existing 
types  were  widely  spread  over  the  north- 
ern hemisphere,  and  in  the  Mesozoic 
there  were  many  European  representa- 
tives of  the  group.  With  the  exception 
oiFodocnemis,  the  existing  forms  are  carnivorous,  and  the  whole  of 
them  are  thoroughly  aquatic. 

refer'rSfn°.v  °^  ^Y^]^"'  ^^"^^'^     Testudinata  has  been 

T^^u^rlt  t\!L      , ''  occurrence  in  many  existing  forms 

Son1^:  ?iv  ■  '  '^""^  °^  a  mesoplastral  bone,  we  may  regard  this  sec- 
^ie  4fch  r^r'"^"?'"  ^^1^^"^^  -i'h  a  primitive  generalised 

Stain  tW  f   .        ri°^  ^"''^'"^  Cryptodira,  since  it  is  nearly 

VOL  n  presence  of  transverse  processes  to  the  cervical 

o 


Fig.  1014.— The  right  half  of  the 
carapace  of  Ster-not/uertis  nigri- 
cans; from  Madagascar.  The  thick 
lines  indicate  the  boundaries  of  the 
epidermal  shields. 
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vertebrae  would  also  seem  to  be  a  generalised  character  ;  and,  from  the 
evidence  afforded  by  the  above-mentioned  Pleiirosternmn  and  Archao- 
chelys,  the  presence  of  an  intergular  shield  should  probably  be  likewise 
regarded  in  the  same  light.  The  anchylosis  of  the  pelvis  to  the  plastron, 
as  pointed  out  by  M.  Dollo,  would,  however,  seem  to  prevent  us  from 
regarding  the  Pleurodira  as  the  ancestors  of  the  Cryptodira ;  and  it  is 
more  probable  that  both  sections  should  be  regarded  as  divergent 
branches  of  a  common  stock,  probably  represented  by  Amphichelydia  of 
earher  age  than  those  yet  known.  . 

It  would  seem  probable  that  the  palate  of  the  earlier  Mesozoic  Pleuro- 
dirans  approximated  to  the  Cryptodiran  type,  and  that  the  peculiar  man- 
dibular articulation  and  closed  tympanic  ring  of  the  existing  forms  are 
acquired  features.  The  skull  of  the  Mesozoic  types  appears  generally  to 
have  been  roofed  over  after  the  fashion  of  the  modern  Turtles  ;  this  struc- 
ture having  apparently  been  common  to  many  of  the  earlier  forms  of  both 
this  and  the  following  sections  of  the  suborder. 

Family  Proganochelyid^.  —  This  name  is  proposed  by  Dr 
Baur  for  the  reception  of  the  genus  Froganochelys,  from  the  Keuper 
of  Wurtemberg,  which  he  regards  as  a  Pleurodiran,  although  differ- 
ing from  all  other  members  of  the  section  in  that  the  plastron  umtes 
only  with  the  edges  of  the  marginals,  without  givmg  off  axillary  and 
inguinal  buttresses.  It  is  suggested  that  mesoplastral  bones  were 
present,  while  the  carapace  is  compared  to  that  of  Flatychelys. 
The  latter  resemblance  suggests  that  this  form  might  belong  to  the 
Amphichelydia,  but  a  study  of  the  figure  of  the  type  specimen  given 
by  Professor  Quenstedt,  under  the  synonym  of  Fsainmochelys  shows 
that  its  extremely  imperfect  nature  scarcely  permits  any  decisive 
opinion  to  be  formed  as  to  its  true  affinities.  Whether  the  imper- 
fectly known  and  apparently  aberrant  genus  Chelythenwn  of  the 
Keuper  is  an  allied  form  cannot  yet  be  determined 

Family  PLESiocHELYiD^.-This  Mesozoic  family  is  characterised 
by  the  total  absence  of  the  mesoplastral  element  in  the  plastron  and 
also  by  the  circumstance  that  the  pubis  alone  is  united  with  the 
X  phiplas  ral ;  while  there  may  or  may  not  be  a  comp  ete  series  of 
•  neural  bones  articulating  posteriorly  with  the  suprapygal.  The  plas- 
traUhields  are  separatel  from  the  marginals  ^y^^^—^^^ 
a  series  of  inframarginals ;  and  the  plastron  as  in  the  succeeding 
f  is  connected  by  long  buttresses  with  the  carapace.  The 

ru;  "of  th^^^^^^^^  found  in  existing  Pleurodira  ;  and  the  second 
S  of  tL  manus%en  known,  has  but  two  phalangeals.  The 

.eSjescr^ed  ^  ^^^t^^:^, 

'  ^h^lhrmif  cSem^  bones,  Ihich  posteriorly  Join  the 

with  the  full  oomf^emen  ^^.^^^^      ^^^^  ^^^^^^^^  f 
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rounded ;  the  nuchal  is  but  slightly  emarginate ;  and  the  intergular 
shield  is  double.  The  surface  of  the  carapace  is  usually  marked  by 
flutings.  Some  at  least  of  the  Chelonians  from  the  Kimeridgian  of 
Hanover  which  have  been  described  under  the  preoccupied  name 
of  Stylemys  may  be  included  in  Plesiochelys,  and  this  genus  is  also 
represented  in  the  English  Wealden. 

Allied  Chelonians,  from  the  Kimeridgian  of  Hanover,  described 
under  the  name  of  Chelonides  (likewise  preoccupied),  not  improbably 
indicate  forms  connecting  Plesiochelys  with  the  undermentioned 
Hylceochelys.  In  one  specimen  referred  to  the  type  species  of  Chel- 
onides,  there  are  but  seven  neural  bones  ;  but  the  vertebral  shields 
are  narrower  than  in  typical  species  of  Hylaochelys.  If  these  forms 
are  really  entitled  to  rank  as  a  distinct  genus  they  require  a  new 
name.  A  skull  said  to  have  been  associated  with  the  shell  of  the 
type  species  of  Chelonides  has  the  temporal  fossae  roofed  over  by 
bone,  while  the  palatines  are  described  as  meeting  in  the  middle 
line  after  the  manner  of  many  existing  Pleurodira.  From  the  occur- 
rence of  Plesiochelys  and  the  undermentioned  Hylceochelys  in  the 
AVealden,  and  the  apparent  rarity  of  the  Acichelyidce  in  the  same 
beds,  it  is  probable  that  the  members  of  this  family  were  of  fresh- 
water habits. 

It  is  probable  that  the  genus  Parachelys  of  the  Lithographic  Lime- 
stone (which  was  considered  by  Professor  von  Zittel  to  be  indis- 
tinguishable from  Acichelys)  is  really  identical  with  Plesiochelys ;  in 
which  case  the  former  name  should  supersede  the  latter,  and  the 
family  name  Parachelyidce  replace  Plesiochelyidce.  The  humerus  of 
this  genus  resembles  that  of  recent  Pleurodira,  and  is  widely  different 
from  that  type  of  humerus  which  appears  to  be  referable  to  the 
Acichelyidce.  The  number  of  the  phalangeals  in  the-  digits  of  the 
manus  of  this  form  (and  also  in  Idiochelys)  is  2,  2,  3,  3,  3  ;  and  this 
presents  a  decided  approximation  to  the  existing  Pleurodiran  genus 
Felomedusa,  which  differs  from  all  other  freshwater  forms  now  living 
in  that  there  are  only  two  phalangeals  in  each  digit. 

The  name  Hylceochelys  has  been  proposed  for  an  allied  genus  of 
yhelonians  typically  represented  by  the  so-called  Pleurosternum 
latiscutaticm  of  the  English  Purbeck,  which  as  shown  by  a  shell 
irom  the  Wealden  preserved  in  the  British  Museum,  belongs  to  the 
present  family.  This  genus  is  distinguished  from  Plesiochelys  by  the 
much  wider  vertebral  shields  of  the  carapace,  in  which  the  width 
may  exceed  three  times  the  length;  and  also  by  the  narrower  and 
diamond-shaped  entoplastral  bone.;  as  well  as  by  the  circumstance 

and  art'.r"'"'',  ^'^'^  "'"^^^y'  '^^  suprapygals, 

hypodasST  '  "^^^--TP^^d  in  the  middle  of  the  series ;  while  the 
ceS  'I  '"'^''^"^y  in  this  and  the  pre- 

<^edmg  genus  there  may  be  a  vacuity  in  the  middle  of  the  plastron 
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It  would  appear  that  the  Purbeck  form  described  as  Pleurosternum 
emarginatum^  as  well  as  the  Wealden  specimens  to  which  the  names 
Chelone  Belli  {cosiata),  and  Platet?iys  Dixoni  and  Mantelli  have 
been  applied,  are  likewise  referable  to  Hylceochelys.  It  is,  moreover, 
very  probable  that  a  Chelonian,  from  the  Upper  Greensand  of  Kent, 
to  which  the  name  Plastremys  has  been  given  without  description,  is 
also  referable  to  this  genus. 

The  genus  Idiochelys  {Chelonemys)  and  the  allied  Hydropelta,  of 
the  Lower  Kimeridgian  of  the  Continent,  would  appear  to  be  closely 
allied  to  the  preceding.  Idiochelys  resembles  Hylaochelys  in  its  ex- 
tremely wide  vertebral  shields,  and  also  in  its  small  and  diamond- 
shaped  entoplastral  bone,  but  differs  in  that  the  number  of  neural 
bones  is  generally  much  reduced,  so  that  many  of  the  costals  meet 
in  the  middle  line ;  while  there  are  also  differences  in  the  contour 
of  the  lower  plastral  shields.  This  genus,  which  is  known  only  by 
immature  specimens,  was  indeed  regarded  by  Professor  Riitimeyer 
as  essentially  Pleurodiran,  although  there  was  no  absolutely  decisive 
evidence  in  support  of  this  view.  The  shell  is  thinner  than  in  Plesio- 
chelys ;  and  the  skull  has  the  temporal  fossse  roofed  over  by  bone, 
and  apparently  had  a  long  sutural  union  between  the  postfrontal  and 
parietal. 

Mesozoic  Chelonians  of  Uncertain  Position.— It  will  be  con- 
venient to  notice  in  this  place  several  Mesozoic  Chelonians  mostly 
known  to  us  only  by  the  skull,  of  which  the  serial  position  cannot 
at  present  be  determined.  A  large  skull  from  the  Portland  Oolite, 
originally  described  as  Chelone  platyceps,  but  subsequently  made  the 
type  of  the  provisional  genus  Stegochelys,  is  characterised  by  the 
incomplete  roofing  of  the  temporal  fossae,  and  the  meeting  of 
the  prefrontals  in  the  middle  line,  while  it  is  stated  to  have  distinct 
nasals  The  palate  is  unknown.  The  size  of  this  specimen  sug- 
gests that  it  may  perhaps  be  referable  to  the  Cryptodiran  genus 
Thalassemys  of  the  Kimeridgian. 

In  the  Wealden  of  Belgium  there  occur  remains  of  young  Chelon- 
ians to  which  the  name  Chitracephalus  has  been  applied.  There  is 
no  mesoplastral  bone;  and  the  skull  is  characterised  by  its  elongated 
form,  open  temporal  fosste,  and  the  approximation  of  the  orbits  to 

'^'inTe  Upper  Cretaceous  genus  Rhinochelys  the  shell  is  only 
known  by  fragments.  The  skull  (fig.  10x4  Ms)  has  an  inferior 
tr^Doral  arcade  the  temporal  foss^  are  completely  roofed  over, 
r'pT^dnTtet  in  the'middle  line,  the  nasals  -  di^^tinct  frcnn 
fhp  nrefrontals  which  are  separated  from  one  another  by  the 
tntals  the  pterygoids  are  comparatively  narrow,  and  laterally 
rargtate  while  the  symphysial  suture  of  the  mandible  is  obh- 
teTated     The  humerus  is  of  the  Pleurodiran  type  found  in  Para 
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chelys.  It  has  been  suggested  that  this  genus  is  Pleurodiran ;  and 
if  this  prove  to  be  the  case  it  will  be  interesting  as  showing  an  ap- 
proximation in  several  cranial  features  to  the  Cryptodira.  In  its 
complete  roof  the  skull  of  this  genus  approximates  to  the  C/ielomdce. 
Remains  of  Rhinochelys  are  very  abundant 
in  the  Cambridge  Greensand,  and  they 
are  also  met  with  in  the  Gault  and  the 
Low'er  Chalk.  Fragmentary  Chelonian 
shells  from  the  Cambridge  Greensand, 
to  which  the  name  Trachydermochelys 
has  been  applied,  are  not  improbably 
referable  to  this  genus.  They  are  char- 
acterised by  their  pustulate  external  sur- 
face; the  pustules  being  much  larger 
than  in  the  Amphichelydian  genus  Helo- 
chelys  of  the  Lower  Greensand.  A 
somewhat  similar,  although  less  marked, 
pustulation  occurs  in  the  existing  Chelo-  ^. 

dijia  f'^'  '"'"^        — cranium  of 

Rhinoclielys  cautabrigiensis,  iniper- 


Family  Pelomedusid^.— Reverting 

to  the  consideration  of  undoubted  Pleu-    Postfrontal;y-r,  Frontal;  pl/r.  Pre 
T  .  frontal!  im.   N;*cal  •  itt^  iVT-,i-:n« 


j-U  .       •    •  .V        '         frontal;  no..  Nasal;  mx.  Maxilla: 

rodirans  the  present  existmg  family  agrees  PremaxiUa. 
with  the  Amphichelydian  Pleurosiernidce 

in  the  presence  of  mesoplastral  bones,  but  is  distinguished  in 
that  both  the  pubis  and  ischium  have  a  sutural  union  with  the 
xiphiplastral.    The  shields  of  the  plastron,  as  in  the  next  family, 
are  m  contact  with  the  marginals,  owing  to  the  absence  of  infra- 
marginals.    The  skulls  of  existing  types  have  an  infratemporal 
arcade,  and  in  Podocnemis,  alone  among  existing  representatives 
ot  the  section,  the  temporal  fossas  are  roofed  over ;  moreover,  the 
prefronta  s  are  m  contact  in  the  middle  line  and  are  fused  with 
tne  nasals;  the  palatines,  owing  to  the  absence  or  abortion  of 
ne  vomer  meet;  and  the  suture  between  the  dentary  bones  of 
he  mandible  is  obliterated.     The  second  cervical  vertebra  is 
amphicoelous;  and  the  neck  is  completely  retractile  within  the 
inrl  ,7'''^^';'.*^  series  of  neural  bones,  as  in  the  next  family,  is 
mcompiete  and  is  not  connected  with  the  suprapygals.    Finally,  in 
bo th  h,3         the  next  family  the  characters  of  the  tympanic  and 
menf  nf'T"'i°^       '^^^^  ^'■^  ^h°se  mentioned  at  the  commence- 
^enrLnH.     ^^T^'^J'  °^        Pleurodira.     The  earliest  known 
Sri  S  7''    u  the  Upper  Cretaceous  of  the 

tothP  Pvi  r  'Jv^'^  "^^^^  '^'^^  f°™s  apparently  closely  allied 
UDon  fh?    !  ^'^''I'^ns.  The  genus  Bothremys  has  been  described 

Tapk^oX^^  '  ''^"^  '■■"'^  d^P°^'t^    ^hile  the  name 

^rph^osphys  has  been  applied  to  portions  of  the  carapace  and 
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plastron  which  not  improbably  belong  to  the  same  form.  Bothremys 
differs  from  Podocnemis  by  the  presence  of  a  distinct  vomer.  It  is 
not  improbable  that  allied  forms  occur  in  the  Cretaceous  of  New 
Zealand.  The  only  existing  genus  which  appears  to  be  represented  in 
a  fossil  state  is  the  above-mentioned  Podocne^nis,  of  South  America 
and  Madagascar,  which  occurs  in  the  London  Clay  and  the  Eocene 
of  Northern  India.  This  genus  includes  the  largest  existing  repre- 
sentative of  the  section.  The  carapace  has  seven  neural  bOnes, 
and  the  mesoplastrals  are  small,  and  do  not  meet  in  the  middle 
line.  The  shell  of  a  large  Chelonian  from  the  London  Clay,  which 
has  been  referred  to  this  genus  under  the  name  of  P.  Delabechei, 
may  not  improbably  belong  to  the  genus  Dacochelys.  The  latter  is 
founded  on  a  mandibular  symphysis  from  the  same  deposits  which 
is  characterised  by  a  large  spine-like  process  on  its  oral  surface, 
and  the  serrated  margins  of  the  alveolar  borders.  Its  serial  position 
depends  on  whether  it  is  specifically  identical  with  the  above- 
mentioned  shell. 

Family  Chelyid^.^ — In  this  family  the  shell  is  much  thinner 
than  in  Plesiochelys,  and  is  characterised  by  the  absence  of  the 
mesoplastrals,  and  the  reduced  number  of  neural  and  suprapygal 
bones  ;  while  both  the  pubis  and  ischium  unite  with  the  plastron. 
The  skull  has  an  incomplete  inferior  temporal  arcade,  owing  to  the 
absence  of  the  quadratojugal ;  and  is  further  distinguished  by  the 
separation  of  the  prefrontals  by  the  frontals  j  the  distinct  nasals 
(except  in  Chelys);  by  the  vomer  dividing  the  palatines;  and  by 
the  persistence  of  the  suture  in  the  mandibular  symphysis.  The 
temporal  fossee  are  open,  but  there  is  an  arch  connecting  the  parietal 
with  the  squamosal,  not  found  in  the  Pelomedusida,  and  which  is 
probably  a  remnant  of  the  earlier  type  of  roof.  The  fifth  and  eighth 
cervical  vertebra  are  biconvex.  The  neck  cannot  be  fully  retracted 
within  the  carapace.  As  typical  genera  we  may  notice  the  South 
American  Chelys,  Hydraspis,  and  Plaiemys ;  and  the  Australian 
Chelodina,  Emydura,  and  Elseya,  in  which  neural  bones  are  absent 
Remains  of  Chelodina  and  Emydura  occur  in  the  Pleistocene  ot 
Australia;  while  Hydrastis  is  found  in  a  fossil  state  m  the  Lower 
Eocene  of  India,  and  Plaiemys  has  been  recorded  from  the  Creta- 
ceous of  North  America.  .  .  .,  ,  a  ^..u, 
Family  Miolaniid^.— This  is  an  extinct  family  represented  only 
by  the  remarkable  Miolania,  from  the  Pleistocene  of  Australia,  ot 
which  the  remains  were  originally  referred  to  the  large  Varanus 
the  same  deposits.  This  family,  according  to  ^r  Boulenger  occupies 
a  Dosition  in  the  present  section  somewhat  analogous  to  that  fi  led 
iri^rcTelydriL  among  the  Cryptodira ;  the  caudal  vertebra 


1  Frequently  incorrectly  given  as  Chelydida. 
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being  opisthocoelous  and  the  temporal  fossae  of  the  cranium  roofed 
over  by  bone.  The  cranium  (fig.  1015)  is  remarkable  for  carrying 
several  pairs  of  horn-like  processes  (on  which  account  the  name 
Ceratochelys  has  been  proposed) ;  and  the  tail  was  protected  by  a 
nodose  bony  sheath  (fig.  10 14),  somewhat  resembling  that  of  the 
Glyptodont  Edentates.  The  species  of  which  the  skull  is  shown  in 
the  woodcut  must  have  attained  huge  dimensions.  The  carapace 
and  plastron  are  known  only  by  fragments.    From  the  structure  of 


Fig.  jois.— Miolania  Oweni.  A,  Anterior  view  of  cranium  ;  B,  Right  lateral  aspect  of  the 
extremity  of  the  caudal  sheath  ;  from  the  Pleistocene  of  Australia.  Much  reduced.  (After 
Owen.) 


the  jaws  it  is  inferred  that  Miolania  was  herbivorous;  while  the 
form  of  the  terminal  phalangeals  and  the  solid  caudal  sheath  are 
indicative  of  terrestrial  habits.  The  bones  of  the  pelvis  are  fused 
into  an  innominate  bone,  and  some  of  the  cervical  vertebrje  had  two 
transverse  processes. 

It  should  be  observed  that  Dr  Baur  dissents  from  the  view  that  this 
genus  IS  a  Pleurodiran,  and  would  refer  it  to  the  Cryptodiran  family  Tes- 
tudmtda;  but  there  appear  to  be  several  misconceptions  in  the  argu- 
ments adduced  m  support  of  this  view.  Sir  R.  Owen  does  not,  indeed, 
recognise  the  Chelonian  nature  of  Mio/ania,  and  regards  it  as  constitut- 
ing a  distinct  group,  under  the  name  of  Ceratosauria ;  but  this  view  is 
altogether  at  variance  with  the  facts,  and  there  can  be  no  question  but 
that  the  genus  is  a  true  Chelonian. 

Family  Carettochelyid^.— The  last  family  of  the  Pleurodira 
IS  characterised  by  the  absence  of  horny  shields,  and  is  typically 
represented  by  Carettochelys  of  New  Guinea,  in  which  the  neural 
bones  are  very  small  and  do  not  touch  one  another,  and  the  limbs 
are  paddle-shaped.  In  the  Lower  Eocene  of  Northern  India  we 
find  the  extinct  genus  Hemichelys,  which  differs  from  Carettochelys 
m  having  seven  large  neural  bones  in  contact  with  one  another ;  the 
nature  of  the  limbs  being  unknown. 

Section  3.  Crvptodira.— In  this  section  the  ossification  of  the 
carapace  and  plastron  may  be  either  imperfect  or  complete,  and  the 
two  may  or  may  not  be  connected  at  their  edges  ;  there  is  no  bony 
attachment  of  the  pelvis  to  the  plastron ;  and  as  a  general  rule,  the 
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full  complement  of  suprapygal  and  neural  bones  is  present,  although 
there  are  numerous  exceptions.  Excluding  the  Amphichelydian 
forms,  no  known  Cryptodiran  has  a  mesoplastral  bone,  while  in 
the  majority  of  cases,  especially  among  existing  types,  the  plas- 
tron has  no  intergular  shield 
(fig.  1016).  The  entoplastral, 
when  present,  is  either  ovoid, 
rhomboidal  (fig.  10 16),  or 
•f-shaped  (fig.  1009),  and  the 
epiplastral  joins  the  hyoplas- 
tral.  In  the  skull  (fig.  1007) 
the  outer  border  of  the  tym- 
panic cavity  is  always  deeply 
notched  posteriorly ;  the  quad- 
rate articulates  with  a  con- 
cavity in  the  mandible ;  and 
the  pterygoids  are  compara- 
tively narrow  and  laterally 
emarginate.  There  are  never 
more  than  three  phalangeals 
in  the  digits.  The  sacral  and 
caudal  ribs  (as  in  the  Pleuro- 
dira)  articulate  partly  with  the 
centra  and  partly  with  the 
arches  of  the  vertebrae  ;  while 
the  cervical  vertebrse  have 
very  imperfectly  developed 
transverse  processes.  No  ex- 
isting Cryptodiran  has  distinct  nasals,  and  at  present  there  is  no 
decisive  evidence  of  the  presence  of  these  bones  in  any  fossil  form. 

The  Cryptodira  are  further  characterised  by  their  power  of  retract- 
ing the  head  by  a  sigmoid  curvature  of  the  neck  in  a  vertical  plane 
directly  within  the  carapace.  This  large  section  comprises  the  great 
majority  of  the  existing  Testudinata,  and  at  the  present  day  is 
mainly  characteristic  of  the  Northern  Hemisphere,  being  totally 
absent  from  Australia.  The  habits  of  existing  Cryptodires  may 
be  carnivorous  or  herbivorous,  and  either  terrestrial,  fluviatile,  or 
marine. 

Family  Acichelyid^. — Under  this  name  may  be  grouped  a 
number  of  generalised  Cryptodirans  often  spoken  of  as  the  Thalas- 
semydes,  and  in  some  cases  as  the  Eurysternidce.  They  occur  typi- 
cally in  the  Lower  Kimeridgian  Lithographic  Limestones  of  the  Con- 
tinent, and  are  abundant  in  the  Kimeridge  Clay,  while  they  survived 
till  the  period  of  the  Lower  Greensand.  They  were  probably 
mainly  of  marine  habits,  since  they  appear  to  be  very  rare  in  the 


Fig.  1016. — Plastron  of  Kachuga  tectum  ;  from 
India.  One-half  natural  size,  g,  Gular  shield  ; 
hum.  Humeral  do.  ;  pec.  Pectoral  do. ;  ab,  Abdo- 
minal do.  ;  fern.  Femoral  do.  ;  an.  Anal  do. ;  e.p, 
Epiplastral  bone  ;  ent.p,  Entoplastral  do.  ;  hy.p, 
Hyoplastral  do.  ;  h.pf,  Hypoplastral  do. ;  x.ji, 
Xiphiplastral  do. 
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freshwater  Purbeck  and  Wealden  beds.  They  are  characterised  by 
the  more  or  less  heart-shaped  carapace,  of  which  the  costals  are 
often  imperfectly  ossified,  and  do  not  unite  completely  with  the 
marginals.  The  plastron  has,  moreover,  a  vacuity  in  the  centre, 
which  persists  for  a  long  period  or  throughout  life,  but  it  had  large 
axillary  and  inguinal  buttresses  for  connection  with  the  carapace. 
The  humerus  has  a  very  imperfectly  developed  head  and  a  slightly 
curved  shaft ;  and  the  limbs  were  not  modified  into  paddles.  The 
nuchal  bone  of  the  carapace  has  no  costiform  processes ;  and  the 
temporal  fossse  of  the  skull  were  more  or  less  completely  roofed 
over  by  bone. 

In  their  cordiform,  and  frequently  imperfectly  ossified  carapace, 
the  Acichelyidce.  agree  with  the  modern  Chelo?iidce ;  and  since  the 
peculiar  form  of  the  neurals  of  Troptdefiiys  is  another  feature  only 
met  with  elsewhere  in  the  latter  family,  there  are  strong  grounds  for 
regarding  the  one  family  as  the  direct  ancestor  of  the  other.  This 
family  also  exhibits  certain  signs  of  affinity  with  the  Pleurodiran 
PlesiochelyidcE  ;  while  the  simplicity  of  the  humerus  is  a  very  general- 
ised character. 

The  genus  Thaiassemys,  which  includes  some  very  large  forms,  is 
characterised  by  its  long  and  flat  neural  bones,  in  which  the  anterior 
lateral  surfaces  are  much  shorter  than  the  posterior  ones  ;  while  the 
vertebral  shields  are  narrow.    The  carapace  is  well  ossified,  and  of 
considerable  thickness.    The  type  species  occurs  both  in  the  Litho- 
graphic Limestone  and  the  Kimeridge  Clay  of  England ;  the  unde- 
scribed  Chelonian  from  the  latter  deposit  at  Ely,  to  which  the  name 
JtnaUochelys  has  been  applied,  being  apparently  identical.    As  al- 
ready mentioned,  the  Portlandian  Stegochelys  may  likewise  be  the 
same ;  and  the  genus  is  represented  in  the  Dorsetshire  Purbeck  In 
the  typical  genus  Acichelys  {Eury sternum}  Achelonia,  Fa/ceomedusa, 
ox  Aplax)  the  neural  bones  of  the  carapace  are  flat,  with  short  and 
often  indistinct  antero-lateral  surfaces,  and  the  costals  are  well  ossi- 
fied, the  vertebral  shields  of  the  carapace  being  comparatively  wide 
Ihis  genus  seems  to  be  confined  to  the  Lithographic  Limestone. 

In  Pelobatochelys  of  the  Kimeridge  Clay,  we  have  a  large  form 
Jtl  rj:™P^>-^^^tly  ossified  carapace,  in  which  the  costals  are 
extremely  thin,  and  the  neural  bones  are  long  and  six-sided.  The 

DO  tern  l7   ,'"'5'''  "^^^^^^         "^^^  shorter  than  the 

Sati     T.'""^  "^'^'■^^  ^he  latter  surfaces  are  deeply 

excavated.    The  neurals,  especially  in  the  hinder  part  of  the  cara- 

roof   InVir^  ^.""^^'^'  ^^^'"S  the  form  of  the  ridge-tiles  of  a 

The  ver^K  f  °^       ^"^^'^  ^''^^''^P''^^'^  'S  itself  roof-like, 

ine  vertebral  epidermal  shields  were  very  wide,  and  the  borders  of 

^  This  name  is  the  earliest,  but  is  preoccupied. 
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the  areas  which  they  overHe  on  the  carapace  are  conspicuously 
fluted.  The  last  genus,  Tropidemys^  while  having  the  roof- like 
posterior  neurals  of  Pelobatochelys,  is  distinguished  by  the  almost 
regularly  hexagonal  form  of  these  bones,  owing  to  the  lengthening 
of  the  anterior  and  the  shortening  of  the  posterior  lateral  surfaces. 
One  species  from  Hanover  referred  to  this  genus  shows  the  unique 
feature  of  a  median  row  of  numerous  small  intervertebral  shields 
dividing  the  normal  vertebrals  into  two  lateral  series.  This  genus 
occurs  in  the  Lithographic  Limestone,  in  the  English  Kimeridge 
Clay,  and  the  Lower  Greensand  of  Switzerland  {T.  valanginietisis). 
The  detached  neurals  are  readily  distinguished  not  only  by  their 
shape,  but  by  their  excessive  thickness. 

Family  Chelydrid^. — This  family  is  confined  at  the  present 
day  to  North,  and  part  of  South  America,  where  it  is  represented 
by  the  Alligator-terrapins  {Chelydra),  and  the  larger  Snapper  {Macro- 
clemmys).    The  skull  is  more  or  less  triangular,  and  very  broad 
behind ;  the  temporal  fossa  is  partially  roofed  over,  but  the  squa- 
mosal is  widely  separated  from  the  parietal ;  the  bones  of  the  palate 
do  not  develop  plates  to  floor  the  narial  passage ;  and  the  tympanic 
ring  of  existing  forms,  like  that  of  the  TestudinidcB,  is  in  great  part 
closed  behind.    The  nuchal  bone  of  the  carapace  develops  a  long 
rib-like  (costiform)  process  on  either  side,  which  underlies  the  mar- 
ginals ;  and  the  complete  union  of  the  marginals  with  the  costals 
does  not  take  place  for  a  long  period;  while  in  the  plastron 
vacuities  frequently  persist  till  late  in  life,  and  the  plastron  itself 
may  be  relatively  small,  and  unites  with  the  carapace  by  gomphosis, 
the  hyo-  and  hypoplastrals  not  giving  off  buttresses  to  underlie  the 
carapace.    In  existing  forms  the  caudal  vertebrae  are  opisthocoelous  ; 
and  there  is  no  bony  union  between  the  ischium  and  pubis  of  the 
same  side  to  enclose  an  obturator  foramen.    The  head  cannot  be 
completely  retracted  within  the  shell.    The  humerus  is  not  flattened, 
and  has  its  radial  and  ulnar  processes  large,  and  directed  towards 
the  ventral  aspect.  . 

If  all  the  genera  provisionally  included  in  this  family  are  rightly 
referred,  it  will  be  the  oldest  representative  of  the  order  which  still 
exists  The  genera  may  be  divided  into  three  subfamilies,  accord- 
in-  to  the  presence  or  absence  of  sculpture  or  epidermal  shields  on 
the  shell.  It  is,  however,  by  no  means  certain  that  all  these  forms 
should  be  included  in  this  family  ;  but  until  we  know  the  skull  and 
caudal  vertebra  of  all  the  genera  it  is  impossible  to  decide  this 
point,  and  it  may  eventually  prove  that  there  is  a  more  or  less  com- 
plete passage  to  the  Dermatemydidce  from  this  family  since  there 
already  are  some  indications  of  a  connection  between  them  I  hus 
the  American  Cretaceous  genus  Toxochelys  is  stated  by  Dr  Baur  to 
be  a  true  Chelydroid,  but  to  have  the  proccelous  caudal  vertebra 
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of  Dermatemys,  and  also  to  have  an  open  tympanic  ring.  The 
Anostirina  are  typically  represented  by  Anostira,  of  the  Upper 
Eocene  of  North  America  and  England,  and  we  may  probably 
include  in  the  same  group  Pseudotrionyx  {Apholidemys),  of  the 
Middle  and  Lower  Eocene  of  Europe.    In  these  forms  the  shell 
has  a  vermiculated  sculpture,  but  epidermal  shields  appear  to  be 
absent,  although  Dr  Baur  states  there  are  traces  of  them  in  the 
typical  genus ;  the  plastron  is  well  developed ;  and  the  neural  bones 
are  reduced  to  seven,  as  in  Dermatemys.    Anostira,  which,  on  ac- 
count of  the  presence  of  only  ten  marginal  bones,  Dr  Baur  places 
in  the  Dermatemydida  {Sta2irotypidce),  differs  from  Pseudotrionyx 
by  the  sculpturing  of  the  neural  bones.    The  skull  of  Pseudotrionyx, 
originally  referred  by  Sir  R.  Owen  to  Platemys,  agrees  essentially 
with  that  of  Macrodemmys,  although  the  orbits  are  less  lateral.  The 
second  subfamily,  Tretosternince,  is  represented  by  Tretosternum, 
of  the  English  Wealden  and  Purbeck,  with  which  Peltockelys,  of  the 
Wealden  of  Belgium,  is  identical.    Possibly  the  imperfectly  known 
North  American  Cretaceous  genus  Compsetnys  may  prove  to  be  a 
closely  allied,  if  not  identical,  type.    The  shell  is  studded  with 
granular  tubercles,  and  has  epidermal  shields ;  while  the  plastron  is 
larger  than  in  the  Chelydrince,  and  has  an  intergular  shield.  This 
IS,  however,  accompanied  by  only  five  paired  plastral  shields,  as  in 
Dermatemys,  instead  of  the  six  found  in  Pleurosternum  (fig.  10 12). 
The  nuchal  bone  is  deeply  emarginate. 

Finally,  in  the  typical  subfamily  Chelydrince  the  shell  is  not 
sculptured,  and  has  epidermal  shields ;  the  plastron  is  relatively 
small,  and  generally  has  a  median  vacuity ;  while  there  is  the  full 
number  of  eight  neural  bones,  of  which  the  last  articulates  with  a 
suprapygal,  and  thus  prevents  any  of  the  costals  from  meeting  in 
the  middle  Ime.  The  type  genus  Chelydra  is  represented  in  the 
1  uerco  or  Lowest  Eocene  of  the  United  States,  and  also  occurs  in 
the  Upper  Miocene  of  Switzeriand,  the  Middle  Miocene  of  Styria 
(where  it  has  been  described  as  Chelydropsis),  and  the  Lower 
Miocene  of  Rott,  near  Bonn.  No  fossil  forms  have  hitherto  been 
referred  to  Macrocletnmys,  which  is  distinguished  from  Chelydra  by 
the  more  deeply  emarginate  nuchal,  and  the  lateral  orbits  of  the 
Skull,  which  IS  very  large  in  proportion  to  the  shell  and  limb-bones. 

i^AMiLY  CiNOSTERNiD^.— With  the  American  genus  Cinosternum 
we  come  to  a  family  readily  distinguished  by  the  total  absence  of 
the  entoplastral  element  of  the  plastron.  In  the  existing  genus  the 
Skull  has  open  temporal  fossee,  the  nuchal  has  a  costiform  process 
Ike  that  of  the  ChelydridcB,  the  pelvis  is  of  a  Testudinate  type,  and 
he  caudal  vertebra  are  proccelous.    The  absence  of  the  entoplastral 

arrnr^r'^Tu"  ^"''^"^  Dithyrostemum,  which  has 

accordingly  been  placed  in  the  same  family.    It  is  distinguished  from 
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Cinosternum  by  the  presence  of  eight  neural  bones,  and  the  long 
bridge  connecting  the  carapace  with  the  plastron. 

Family  Dermatemydid^. — The  genus  Dermatemys,  of  Central 
America,  is  taken  as  the  type  of  a  family  which  includes  Stauro- 
typus  of  the  same  region,  and  in  some  respects  connects  the 
CinosternidcE  with  the  Chelydrida.    The  nuchal  bone  has  a  costi- 
form  process,  as  in  both  those  families ;  the  temporal  fossae  of  the 
skull  are  not  roofed  over ;  the  caudal  vertebrae  are  procoelous ;  and 
in  the  pelvis  the  pubis  and  ischium  of  the  same  side  do  not  unite 
to  enclose  an  obturator  foramen.    The  shell  is  well  ossified,  but  in 
the  type  genus  the  union  between  the  costals  and  marginals  does 
not  take  place  till  a  late  period.    Baptemys,  of  the  Upper  Eocene 
of  North  America,  which  has  been  included  by  Professor  Cope  in 
Dermatemys^  is  distinguished  from  the  latter  by  having  the  full 
number  of  neural  and  suprapygal  bones,  so  that  none  of  the  costals 
meet  in  the  middle  line.    Here  may  be  mentioned  several  alHed 
North  American  forms,  most  of  which  are  referred  by  Professor 
Cope  to  a  distinct  family — the  Adocidce — mainly  on  account  of  the 
circumstance  that  the  ribs  do  not  develop  heads  to  articulate  with 
the  vertebrae ;   but   since  the  same  feature  occurs  in  Testudo 
among  the  Testudinidce,  it  cannot  be  regarded  as  of  family  value. 
In  Homorophus,  of  the  American  Cretaceous,  there  is  no  inter- 
gular  shield,  and  the  vertebral  shields  are  very  narrow.    In  Adocus, 
of  the  Upper  Cretaceous,  and  Agomphus  (with  which  Dr  Baur  states 
Amphiemys  is  identical),  of  the  Eocene,  intergular  shields  were 
present.    The  former  has  traces  of  sculpture  on  the  shell ;  while  in 
the  latter  the  epidermal  shields  are  very  thin,  and  the  surface  of  the 
shell  is  marked  with  a  faint  vermiculate  sculpture.    We  are  thus  led 
on  to  the  European  Trachyaspis,  which  is  probably  an  allied  form, 
and  with  which  one  or  other  of  the  American  types  may  perhaps 
prove  to  be  identical.    This  genus,  which  has  elongated  vertebral 
shields  recalling  those  of  Dermatemys  and  Baptemys,  occurs  typically 
in  the  European  Tertiary,  and  has  also  been  recorded  from  the 
Lower  Greensand  of  Switzerland,  although  the  latter  form  has  been 
referred  by  Professor  Riitimeyer  to  Plesiochelys.    A  nearly  entire 
carapace  has  also  been  obtained  from  the  Tertiary  of  Egypt.  The 
surface  of  the  shell  is  covered  with  a  distinct  vermiculated  sculpture 
like  that  of  Trionyx,  but  thin  epidermal  shields  were  present. 

Family  Platysternid^e. — The  existing  Burmese  genus  Plafy- 
sternum  is  represented  by  a  very  small  Chelonian  forming  the  only 
member  of  a  family  which  connects  the  Chelydrida:  with  the  Testu- 
dinidce  Thus  the  temporal  fossae  of  the  skull  are  roofed  over,  the 
pelvis  is  of  a  Chelydroid  type,  and  the  caudal  vertebrte  are  mostly 
opisthocoelous  ;  but  the  nuchal  agrees  with  that  of  the  Tesfudinidce 
in  having  no  costiform  process. 
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Family  TESTUDiNiDiE. — Following  Mr  Boulenger's  arrangement, 
this  extensive  family  is  taken  to  include  the  Cistudmidce  and  most 
of  the  Emydidce  of  other  writers,  and  may  be  briefly  characterised 
as  follows  :  The  limbs  terminate  in  free  digits  ;  epidermal  horny 
shields  are  always  present,  but  there  is  no  intergular  shield ;  the 
carapace  is  ovoid  and  fully  ossified ;  the  plastron  in  the  adult  is 
connected  with  the  carapace  either  lay  suture  or  a  straight  articula- 
tion, and  is  always  fully  ossified.  There  is  no  costiform  process  to 
the  nuchal  bone ;  the  temporal  fossas  of  the  skull  are  not  roofed 
over  by  bone ;  the  caudal  vertebras  are  procoelous ;  and  the  pubis 
and  ischium  of  either  side  unite  to  enclose  an  obturator  foramen. 
The  humerus  has  a  well-developed  head,  and  its  shaft  is  more  or 
less  curved.  The  skull  is  of  nearly  equal  width  throughout  its  post- 
orbital  portion.  The  Terrapins  and  Tortoises,  as  the  existing  mem- 
bers of  this  family  are  commonly  termed,  exhibit  great  variety  of 
habits,  some  being  aquatic  and  others  terrestrial ;  while  some,  again, 
are  carnivorous  and  others  herbivorous.  Some  of  the  terrestrial 
forms  have  the  normal  two  epidermal  caudal  shields  of  the  carapace 
fused  together  into  a  single  large  shield. 

We  may  commence  our  brief  survey  of  this  large  family  with  the 
Oriental  group  of  Batagurs,  represented  by  Batagur,  Kackuga,  Har- 
della,  and  allied  types.    These  include  freshwater  Terrapins,  fre- 
quently of  large  size,  characterised  by  the  great  development  of  the 
axillary  and  inguinal  buttresses  of  the  plastron,  which  divide  the 
sides  of  the  carapace  into  chambers,  and  also  by  the  presence  of 
one  or  more  strong  ridges  on  the  oral  surface  of  the  palate,  running 
parallel  to  its  alveolar  borders.    On  the  plastron  (fig.  1016)  the 
sulcus  between  the  humeral  and  pectoral  shields  is  below  the  ento- 
plastral.    Kachuga  (including  Patigshura)  has  the  fourth  vertebral 
shield  elongated,  and  overlying  parts  of  four  or  five  neural  bones  ; 
the  anterior  neurals  being  elongated  and  hexagonal,  with  the  short 
side  anterior.    The  typical  K.  lineata,  in  which  the  fourth  vertebral 
shield  IS  broad  anteriorly,  is  represented  in  the  Pliocene  Siwaliks  of 
India,  which  also  yield  the  existing  K.  dhongoka.     In  a  second 
group  {Pangshura),  in  which  the  fourth  vertebral  shield  is  narrowed 
to  a  point  at  its  junction  with  the  third,  we  have  the  existing  K 
(fig.  1016)  in  the  Pleistocene  and  Pliocene  of  India.  Har- 
aella  {fig.  1017)  IS  characterised  by  the  shortness  of  the  fourth 
vertebral  shield,  which  usually  extends  over  three  neural  bones 
Uour  in  the  figure),  and  by  the  third  vertebral  shield  overlying 
parts  of  three  (in  place  of  two)  neurals.    It  is  represented  in  the 
Siwahks  by  the  existing  ff.  Thurgi  (fig.  1017).    With  the  exist- 
m    American  genus  Chrysemys  we  come  to  forms  in  which  the 
axillary  and  inguinal  buttresses  are  much  less  developed  than  in 
me  Batagurs,  and  the  neural  bones  are  shorter  than  in  Hardella 
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In  Chrysemys  itself  the  sulcus  between  the  humeral  and  pectoral 
shields  of  the  plastron  is  situated  entirely  on  the  hyoplastral,  as  in 
fig.  1016;  and  from  the  presence  of  this  feature,  it  is  probable 
that  the  so-called  Emys  testudiniformis  and  E.  bicarinata,  of  the 

London  Clay,  should  be  re- 
ferred to  this  genus.    In  the 
existing  genus  Ocadia,  from 
China,  and  also  in  the  Palae- 
arctic  and  North  American 
Clemmys,  the  humeropectoral 
sulcus   is  placed  somewhat 
more  anteriorly,  and  conse- 
quently cuts  the  entoplastral 
bone.    A  similar  feature  is 
frequently  found  in  the  so- 
called  Emys  crassa  {hordwel- 
liensis),  of  the  Upper  Eocene 
of  Hampshire ;   and  it  ap- 
pears that  this  form  should 
be  referred   to   the  genus 
FaliEOchelys,  of  the  German 
Miocene,  from  which  Ocadia 
is   probably  not  separable. 
Emys  wyomingensis,  of  the 
Upper    Eocene    of  North 
America,  appears  to  be  re- 
ferable to  the  same  genus. 
Ocadia,  it  may  be  observed, 
agrees  with  the  herbivorous 
Batagurs  in  the  presence  of  ridges  on  the  palate ;  but  these  ridges 
are  absent  in  Clet7i?nys  and  the  undermentioned  forms,  which  are 
purely  carnivorous. 

These  forms  may  be  divided  into  two  groups,  according  as  to 
whether  the  plastron  is  united  to  the  carapace  by  suture,  or  simply 
by  ligament.  In  the  former  series  Clemmys  is  represented  in  the 
Pliocene  of  Algeria  by  a  species  closely  allied  to  the  existing  C. 
leprosa  of  that  region.  The  characteristic  Oriental  genera  Damonia 
and  Bellia  are  represented  in  the  Pliocene  Siwaliks  of  India ;  the 
fossil  Damonia  being  apparently  inseparable  from  the  living 
Hajniltoni.  In  the  second  series,  where  there  is  a  more  or  less 
complete  transverse  hinge  in  the  plastron  at  the  junction  of  the 
hyo-  and  hypoplastrals,  and  the  buttresses  of  the  carapace  may  be 
wanting,  we  find  remains  of  the  existing  Emys  orbicularis  {E.  lu- 
traria  ox  Lutremys),  commonly  known  as  the  European  Pond-tor- 
toise in  the  Pleistocene  of  England  and  the  Continent.  Cistudo, 


Fig.  1017.— Carapace  of  Hardella  Tlmrgi;  India. 
«K,  Nuchal  bone ;  7ii-«8,  Neural  do.  ;  spy,  Supra- 
pygal  do.  ;  fy,  Pygal  do.  ;  ci-c8,  Costal  do. ; 
tni-mii,  Marginal  do.  Reduced. 
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which  is  almost  exclusively  terrestrial,  has  been  recorded  from  the 
Continental  Miocene.  The  Indian  genus  Nicoria,  which  is  repre- 
sented by  the  existing  N.  {Chaibassia)  tricarinata  in  the  Siwaliks,  is 
distinguished  from  all  the  preceding  forms  in  that  the  neural  bones 
have  their  short  side  placed  posteriorly.  The  extinct  Flychogaster,  of 
the  Lower  Miocene  (Upper  Oligocene)  of  France,  is  characterised  by 
the  ligamentous  junction  of  the  hypoplastral  with  the  carapace,  and 
by  the  presence  of  a  hinge  between  the  hypo-  and  hyoplastrals,  and 
also  by  the  contour  of  the  neural  and  costal  bones,  which  approxi- 
mate to  those  of  the  true  Tortoises ;  from  which  we  may  assume 
that  this  form  was  mainly  of  terrestrial  habits.  In  both  genera  the 
humero-pectoral  sulcus  cuts  the  entoplastral  bone. 

In  the  land  Tortoises,  forming  the  last  group  of  the  family,  the 
neural  bones  are  generally  very  short  and  wide,  and  may  be  either 
hexagonal,  or  alternately  tetragonal  and  octagonal ;  while  the  costal 
bones  are  generally  alternately  short  and  long  at  their  inner  and 
outer  extremities  ;  the  suture  between  the  marginal  and  costal  bones 
usually  coincides  with  the  sulcus  dividing  the  corresponding  shields, 
and  the  caudal  shield  is  generally  undivided.    In  most  cases  the 
sulcus  between  the  humeral  and  pectoral  shields  is  behind  the  ento- 
plastral bone.    The  digits  differ  from  those  of  most  of  the  preceding 
genera  by  being  adapted  solely  for  walking,  and  devoid  of  webs  ; 
while  the  metacarpals  are  shorter,  and  the  humerus  is  very  much 
curved,  with  its  radial  and  ulnar  processes  approximated.    The  least 
specialised  existing  forms  are  Cynixis  and  Pyxis,  which  have  neural 
bones  like  those  of  Homopus,  but  costals  of  the  ordinary  Emydine 
type ;  they  appear  to  be  unknown  as  fossils.     Hadrianus,  of  the 
Upper  (Bridger)  Eocene  of  the  United  States,  includes  generalised 
Tortoises  of  large  size,  in  which  the  neural  bones  are  elongated  and 
hexagonal,  with  the  shorter  lateral  surfaces  posterior ;  the  costals  do 
not  alternate  m  length ;  the  vertebral  shields  are  narrow ;  and  the 
caudal  shield  is  divided.    The  genus  Homopus,  which  now  includes 
a  ew  species  of  small  size  confined  to  Africa,  has  no  ridge  on  the 
palate,  and  the  neural  bones  are  short  and  hexagonal,  with  short 
postero-lateral  surfaces,  and  the  caudal  shield  is  single.    It  is  repre- 
sented m  the  Upper  Miocene  of  Switzeriand  by  the  so-called  Emys 
scutella  and  in  the  London  Clay  by  E.  Comptoni.    In  Stylemys,  from 
the  White  River  Miocene  of  the  United  States,  the  short  neural  bones 
nave  their  shorter  lateral  surface  placed  anterioriy,  the  posterior  costals 
clo  not  alternate  in  length  at  their  extremities,  and  there  is  a  single 
caudal  shield.    All  the  remaining  forms  may  be  included  in  Testudo, 
in  which  the  palate  has  one  or  two  ridges ;  the  neural  bones  usually 
consist  of  an  alternation  of  small  tetragonal  and  larger  octagonal 
wVk-  ,       1  extremity  of  the  epiplastrals  is  more  or 

less  thickened.    In  the  skull  the  pterygoids  are  wide,  and  depressed 
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in  the  middle  (fig.  i  o  1 7  bis).  Usually  the  caudal  shield  is  single, 
but  it  may  be  divided.  The  ribs  have  no  heads  for  articulation  with 
the  vertebrae.  The  forms  described  as  Manuria  and  Colossochelys 
may  be  included  in  this  genus,  which  comprises  a  large  number  of 
species.  Exclusive  of  the  Jurassic  so-called  T.  Siricklandi,  which 
has  been  already  mentioned  under  the  head  of  Frotochelys,  the 
earliest  occurrence  of  the  genus  appears  to  be  in  the  Upper  Eocene 
Phosphorites  of  France ;  it  is,  however,  not  certain  that  the  form 
from  these  deposits  may  not  be  referable  to  one  of  the  American 
genera.  A  marginal  in  the  British  Museum  indicates  an  individual 
about  30  inches  in  length.  T.  gigas,  of  the  Miocene  of  Haute- 
Loire,  is  a  still  larger  form ;  and  species  of  large  dimensions  also 
occur  in  the  Lower  Miocene  of  Allier  and  the  Middle  Miocene  of 
Gers,  as  well  as  in  the  Pliocene  of  France  and  Greece. 

The  huge  T.  {Colossochelys)  atlas,  of  the  Pliocene  Siwaliks  of  India, 
was  one  of  the  earliest  of  the  large  extinct  forms  brought  to  the  notice 
of  science,  although  its  size  has  been  greatly  exaggerated.  It  appears, 
indeed,  that  the  length  of  the  carapace  was  about  six  feet,  or  one-third 
greater  than  in  T.  elephajitina,  of  the  Galapagos  Islands.  This  species 
is  remarkable  for  the  great  development  of  the  epiplastral  bones,  which 
formed  a  pair  of  horn-like  processes  ;  and  is  also  noteworthy  for  the 
anchylosis  of  the  three  bones  of  the  pelvis  into  an  innominate  bone.  The 
skull,  which  probably  belongs  to  this  species,  resembles  in  structure  the 
skulls  of  the  recent  giant  tortoises  of  Aldabra.  The  carapace  had  no 
nuchal  shield,  the  caudal  shield  was  divided,  and  the  limbs  were 
covered  with  bony  ossicles,  as  in  the  existing  T.  emys  of  India,  to  which 
this  form  was  probably  allied.  The  large  T.  perpmiana,  of  the  Pliocene 
of  France,  in  which  the  depressed  carapace  measures  nearly  four  feet  in 
length,  and  the  limbs  were  likewise  covered  with  dennal  ossicles,  was 
probably  also  nearly  aUied.  An  unnamed  species,  from  the  Pliocene  of 
the  Siwalik  Hills,  has  a  skull  resembling  that  of  the  Galapagos  tortoises 
(fig  \o\lbis) ;  which  are  characterised  by  the  backward  extension  of  the 
opisthotics.  We  also  find  in  the  Siwaliks  T.  Caiitleyi  characterised  by 
its  small  epiplastrals  ;  and  T.  piinjabiensis,  which  appears  to  have  been 
a  form  allied  to  the  smaller  existing  Indian  T.  emys.  Remains  of  giant 
tortoises  also  occur  in  the  Pleistocene  cave-deposits  of  Malta. 

Finally  we  must  not  omit  to  briefly  mention  the  giant  tortoises  of  the 
present  epoch,  which,  it  appears,  have  been  driven  from  the  continental 
areas  by  the  competition  of  the  higher  types  of  life  to  seek  refuge  in 
islands  where  they  attained  an  extraordinary  numerical  development,  till 
their  hkunts  were  invaded  by  man.  These  tortoises  formerly  existed  in 
great  numbers  in  the  islands  of  the  Aldabra  group,  lying  to  the  north-west 
nf  Mndae-ascar-  in  the  Mascarenes,  which  comprise  Mauritius  and  Rodri- 
Sie^  an^d  alJo'in  the  Galapagos,  o'r  "  Tortoise-Islands,"  which  he  off  the 
SasV  of  South  America.  The  Aldabra  Tortoises  are  characterised  by 
Sefr  deenlv  excavated  palate,  short  opisthot.es,  and  the  presence  of  a 
?uchal  and  of  double  gular  shields.  Some  of  them  were  living  in  the 
vear  1877  In  the  Pleistocene  of  Madagascar  remains  of  two  veiy  large 
^nPrief  have  been  found,  both  of  which  present  the  characters  of  the 
Sra  fonns  The  Ma^carene  species  have  no  nuchal  shield  and  only 
fs  n^e  fu  ar  and  the  whole  of  them  have  been  exterminated  by  human 
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agency.  Their  skulls  resemble  those  of  the  next  group  (fig.  \oiy  bis)  in 
the  slight  excavation  of  the  palate,  and  the  produced  opisthotics.  Finally, 
the  Galapagos  tortoises,  a  considerable  number  of  which  were  found  in 
Albemarle  and  Abingdon  Islands  during  the  voyage  of  the  Challenger, 
are  distinguished  by  the  double  gulars  and  the  absence  of  the  nuchal 
shield.  From  the  Pleistocene  of  South  America,  Dr  Moreno  describes 
two  large  tortoises  allied  to  the  Galapagos  fomis  ;  one  of  them  being 


Islands.  °  T^v"  hird'  nl'LTsize^  °^  ^"'"''^  '"''^'■''Myes ;  from  the  Galapagos 

con,  Condyleof  Quadrate    ^i^Ma^  la  "  "n^  Basioccipital ;  bs,  Basisphenoid  ; 

/'«-r,  Prema-xilla";  //,  Pt^rvKoid    «    du^riV^^  q"''^'"  '  f'  OP'^'^otic  ;  Palatine; 

vc.  Vomer.  ^  '  '"■"^SOM ,  ya,  Quadrate  ;  s^u,  Squamosal ;  suj),  Supraoccipital  spine  ; 


latSg^oup'  ?L'SSice'orf''/°i/^-/"^''"  (././/...^./..)  of  the 
straight  line.  carapace  of  T.  ekphanttna  measures  four  feet  in  a 

from;'/l7h^'''^'°?''^—'^^'  °f  the  Cryptodira  differs 

rom  all  the  preceding  in  having  the  limbs  modified  into  more  or 

ormrhT       ?  °'  ^^PP"""'  (^g-  ^hich  in  the  existing 

mo"      I  '  i'         °/  ^"^^  ^^^'-^P^^^      broad  and 

^18^  ,^'P^'^^^d,  and  is  very  generally  heart-shaped  (fig. 

ext  emitt  'T?  u  ^        ^'^^^'^  ^^"^^         ^°""ded  at  both 

usuX  '  r:.r  n  ""if'^^  ^''^  "°  '°^t'^°™  P^°^^^^  ^  there  are 
•-SsTf  th?""     '  ™/f^'''^  -^P^'"  the  costals  and 

thesfmiy  ll  t r^'''  ^'f  ^"  "^^y  individuals 

voL  ii  ^         the  plastron  is  not  articu- 
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lated  to  the  carapace,  and  has  digitated  lateral  terminations,  and 
generally  a  larger  or  smaller  median  vacuity  (fig.  1009).  The 
humerus  is  more  or  less  flattened,  with  the  axis  of  the  head  gen- 
erally placed  nearly  immediately  above  that  of  the  shaft,  and  the 
radial  process  small,  and  placed  more  or  less  below  the  well- 
developed  head.  The  caudal  vertebrae  are  procoelous,  and  the 
cervicals  extremely  short.  In  the  skull  the  temporal  fossae  are 
completely  roofed  over  by  bone,  so  that  the  squamosal  joins  the 
parietal ;  and  the  bones  of  the  palate  unite  for  a  longer  or  shorter 
distance  beneath  the  narial  passage,  so  as  to  throw  the  posterior 
nares  more  or  less  backward  (fig.  1020).  The  prefrontals  (as  in 
most  Testudinida)  always  form  a  re-entering  angle  posteriorly ;  and 
the  tympanic  cavity  is  quite  open  posteriorly,  so  as  to  expose  the 
stapes.    In  old  individuals  the  vacuities  in  the  shell  tend  to  ob- 


Fig  iox8.-Young  of  the  Hawksbill  Turtle  (.CJulonc  hnbricata).    Much  reduced. 

(After  Bell.) 

literate  and  in  the  more  generalised  extinct  types  this  tendency  is 
mucrmore  marked,  and  it  is  quite  probable  that  u.  some  cases 
hey  may  have  completely  disappeared.  This  more  complete  ossifi- 
cation of  the  shell  in  these  generalised  types  -dicates  affinity  ..th 
the  preceding  families,  and  probably  more  especially  with  the 
AcicheM^  ■  and  the  same  is  indicated  by  other  features,  such  as 
fh^mte  marked  constriction  of  the  shaft  of  the  humerus,  and  the 
m^re  oblique  position  of  its  head,  together  with  the  P-bable  pres 
of  c^wsU  th.  ch^    some  w^^^^ 


ORDER  CHELONIA. 


gerhead  forbids  this  view.    We  have  already  suggested  reasons  for 
regarding  this  family  as  being  descended  from  the  Mesozoic  Aci- 
chelyidce,  and  from  this  point  of  view  it  is  interesting  to  note  the 
presence  of  an  intergular  shield  in  the  plastron  of  the  existing,  and 
probably,  therefore,  of  the  fossil  forms,  since,  as  we  have  already 
stated,  this  appears  to  be  an  archaic  feature.    The  same  observa- 
tion will  apply  to  the  open  tympanic  ring.    At  the  present  day 
there  are  four  living  species  of  Turtles  —  viz.,  the  Loggerhead 
{Thalassockefys  caretta,  fig.   1006),  the  Mexican  Loggerhead  {T. 
Kempi),  the  Hawksbill  {Chelotie  imbricata,  fig.    10 18),  and  the 
Green  Turtle  (C  mydas),  all  of  which  are  of  purely  marine  habits. 
The  Hawksbill  alone  is  carnivorous ;  and  is  further  peculiar  for  the 
circumstance  that  in  the  young  state  the  epidermal  shields  imbricate, 
instead  of  uniting  by  their  edges.    It  has  been  suggested  that  the 
extinct  genera  were  of  estuarine  rather  than  purely  marine  habits ; 
and  this  is  borne  out  by  their  occurrence  in  the  estuarine  deposits 
of  the  London  Clay,  to  the  exclusion   of  the  marine  genus 
Chelo7ie. 

The  most  remarkable  of  the  extinct  genera  is  Lytoloma  {Euclastes 
Fuppigerus,  Glossochelys,  or  Erquelinnesia),  which  occurs  typically 
m  the  Eocene  of  North  America  and  the  London  Clay,  and  is  also 
represented  in  the  Middle  Eocene  of  Bracklesham,  as  well  as  in  the 
Chalk  and  Cambridge  Greensand.  In  the  typical  Eocene  forms, 
like  the  so-called  Chelone  planimentum  and  C.  crassicostatum  of  the 
London  Clay,  the  skull  is  as  large  in  proportion  to  the  shell,  as  in 
Macrockmmys  among  the  Chelydridce.  The  skull  of  the  adult  is 
remarkable  for  the  extremely  backward  position  of  the  posterior 
nares  which  are  approximated  to  the  basioccipital ;  and  for  the 
length  and  width  of  the  mandibular  symphysis  (fig.  10 10  a)  The 
palate  has  low  alveolar  walls,  and  no  orJl  ri^g! ,  the^'na  es  and 
orbits  are  directed  somewhat  upwardly;  and  the  bar  between  the 
a  ter  is  narrow.  The  shell  is  characterised  by  the  great  extent  of 
Its  ossification,  as  well  as  by  the  rounded  posterior  extremity  of  the 
carapace,  and  the  sutural  connection  of  the  broad  xiphiplas'tra l  in 

nd  iStrf  r  J'^  '"'^'.^^  ---hat  obh>e" 

noueh  t  hr  The  limbs  were  clawed.  Curiousi; 

s2r'  1       ^T^'  '"^  P'^'^-'^P'  ''^'^  ^"  the  adult  of  some  of  the 

"rd ly    and^'thl     '°h'kT  "^"'^  ^''^  ^''^'^  less  back- 

flattened     T^        "?^"fbular   symphysis   was    shorter   and  less 

Eo  enf  fo,iVV''  f      '^''l'''                °f       North  American 

are  not%ln?  K,  Osfeopy^^is,  Prop/eura,  and  Catapkura 

Sous  ofTf  r  '^'^  Senus;  while  a  turtle  from  the  Creta 

or^./l^"' but'  vTf  ^  f""''^^^             preoccupied  name 
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Closely  allied  to  the  preceding  is  the  genus  Thalassochelys,  as 
represented  by  the  Loggerhead  (fig.  1006).  The  skull  is,  however, 
relatively  smaller  in  proportion  to  the  shell,  which  is  distinguished 
by  the  presence  of  five  costal  shields  ;  the  carapace  is  heart-shaped ; 
the  xiphiplastrals  are  narrow,  and  join  only  at  their  extremities; 
while  the  terminal  phalangeals  are  flattened  and  have  but  one  or 
two  claws.  The  shell  is  distinguished  from  that  of  Chelone  by  its 
more  complete  ossification,  and  its  T-shaped  entoplastral ;  while 


Fig.  xox..-0.a.  aspect  of  the  left  half  of  the  .andible  of 

TspS-  «:°Gel\y^oid  groove;      k.  Insertion  of  temporal 

muscle ;  /t,  Coronoid  process. 

the  humerus  is  more  constricted,  and  has  its  head  placed  more 
obliquely.  The  position  of  the  posterior  nares  and  the  form  of  the 
m  S  walls  and  mandibular  symphysis  closely  resemble  the  same 
pS  n  the  young  of  Lytoloma.  In  very  old  specimens  the  vacm- 
des  b  "ween  the  costals"^  and  marginals  completely  dose  up.  I  h 
genus  probably  occurs  in  the  London  Clay,^  and  also  m  the  Middle 
Eocene  of  Bracklesham. 

1  As  indicated  by  a  mandibular  symphysis  in  tlie  British  Museum. 
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In  Argillochelys,  of  the  London  Clay,  the  skull  (fig.  1020),  which 
is  very  short  and  has  deeply  emarginate  pterygoids,  differs  from  that 
of  the  preceding  genera  by  the  presence  of  an  oral  ridge  on  either 
side  of  the  palate  and  in  the  middle  of  the  mandibular  symphysis, 
although  these  are  present  in  the  Mexican  Loggerhead.  The 
vomer,  as  in  the  young  of  Lytoloma,  is  very  long,  and  extends 
forwards  to  join  the  premaxillae ;  and  the  pterygoids  are  charac- 
terised by  the  forward  position  of  their  ectopterygoid  processes. 
The  shell  seems  to  have  been  much  like  that  of  Thalassochelys, 
but  had  only  four  costal  shields,  and  its  plastron  was  perhaps 


thf '&nHnn'nr,^°"'n  '''P"^?''  °i  ^  ^"""S  "anium  o{  Argillochelys  cuneice*, ;  from 

less  ossified,  although  the  xiphiplastrals  united  extensively  in  the 
middle  Ime.  The  mandibular  symphysis  is  convex,  and  com- 
paratively short.  The  skull  of  the  type  species  was  originally 
aescribed  as  Chelone  cuneicej>s ;  while  the  shells  figured  as  C.  stib- 
cristata  and  C.  convexa  are  referable  to  this  genus. 

In  the  typical  genus  Chelone  the  skull  is  much  smaller  in  propor- 
^on  to  the  shell  than  in  Thalassochelys.    It  is  characterised  by  the 

S^Vu'  u^"""!^  ^^'^'""^^  P°''^'°"  °f       "^'^'■es  and  orbits,  and  the 
hp        5'  bar  between  the  latter;  by  the  tall  alveolar  walls  and 
me  oral  ridges  of  the  palate  and  mandibular  symphysis;  the  W 
I  '"r*       ectopterygoid  processes  placed  somewhat  back 
or  e  r     I  TT'^  °^  '^'^  P°^*^"°^  ^^'^^-^  '-^"d  the  more 

10  0  .  "'^^K   ^°n"'''  mandibular  symphysis  (fig. 

wh  ch  2"  ^^',f^""'  i^O'-eover,  has  no  occipital  epidermal  shield. 
Which  IS  generally  present  in  the  other  forms  (fig.  1020)     In  the 
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shell  the  carapace  is  either  heart-shaped,  or  pointed  at  each  end 
(fig.  1021);  the  vacuities  are  large  and  persistent ;  the  entoplastral 

is  long  and  dagger  -  shaped  ; 
and    the    xiphiplastrals  are 
slender    and    separate  (fig. 
1009).    The  humerus  is  but 
little  constricted,  with  its  head 
nearly  on  the  axis  of  the  shaft ; 
and  the  coracoid  is  longer  and 
more  slender  than  in  Thalas- 
sochelys  ;  the  Green  Turtle  (C. 
juydas)  being  more  specialised 
in  these   respects   than  the 
Hawksbill  (fig.  10 18).  The 
earliest    occurrence    of  the 
genus  appears  to  be  in  the 
Cambridge    Greensand  and 
Gault,  where  C.  Jessoni  has  a 
very  massive  mandible,  some- 
what resembling  that  of  the 
Hawksbill.     This  form  may 
possibly  be  identical  with  C. 
Benstedi  of  the  Chalk  (fig. 
1 021),  which  is  only  definitely 
known  by  very  young  shells, 
and  has  been  made  the  type  of  the  genus  Cimoliochelys.    In  the 
topmost  Cretaceous  of  Maastricht  the  gigantic  C.  Hoffma7int  ap- 
pears to  be  allied  to  C.  imbricaia,  but  has  a  shorter  and  wider 
palate  and  mandibular  symphysis,  a  more  deeply  emargmate  nuchal, 
and  the  costal  bones  extremely  short.    From  the  latter  very  special- 
ised character  Dr  Baur  regards  this  species  as  entitled  to  generic 
distinction,  and  has  proposed  the  name  of  Allopleuron    An  equa  y 
large  and  perhaps  closely  allied  turtle  occurs  in  the  English  Chalk. 
In  the  higher  Miocene  of  Bordeaux  C.  girondica  appears  to  be  a 
form  closely  allied  to  existing  types. 

Section  4  Trionychoidea.— The  last  section  of  the  suborder 
includes  the  mud-turtles  or  soft-tortoises,  of  the  freshwaters  of  Asia, 
Africa  and  North  America;  all  of  which  are  of  aquatic  and  car- 
nivorous habits.  These  forms,  which  may  probably  be  regarded 
a  extremely  specialised  types,  present  the  foUo.-ing  disUncUve 
features  The 'shell  is  sculptured  and  devoid  of  epidermal  shields  ; 
"plastral  being  in  the  form  of  a  chevron,  which  divide^^^^^^^ 
epiplastral  from  the  hyoplastral;  and  the  marginals,  P^e  ent, 
Sg  only  an  incomplete  series  at  the  posterior  ex^emi^y  of  the 
carapace,  and  having  no  connection  with  the  ribs.    The  long 


Fie  1021.— Carapace  o(  C/ielone  (J)  Betisiedt ;  from 
the  English  Chalk.    Reduced.    (After  Owen.) 
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vical  vertebrEe  have  no  distinct  transverse  processes,  and  the  eighth 
articulates  with  the  first  dorsal  solely  by  the  zygapophyses,  thus 
forming  the  most  remarkably  complete  hinge-joint  among  the  whole 
of  the  Vertebrata.  The  fourth  digit  in  each  limb  is  characterised  by 
having  not  less  than  four  phalangeals.  The  form  of  the  tympanic 
ring  of  the  quadrate,  and  the  relations  of  the  latter  to  the  mandible, 
are  of  the  same  type  as  in  the  Cryptodira ;  and  we  find  a  similar 
absence  of  union  between  the  pelvis  and  the  plastron.  In  the 
cranium  (fig.  1022)  the  chief  distinctive  features  are  to  be  found  in 
the  palate ;  thus  the  broad  pterygoids  are  separated  from  one  another 
by  the  basisphenoid,  which  extends  forwards  to  join  the  palatines ; 
the  latter,  owing  to  the  small  size  of  the  vomer,  uniting  extensively 
in  the  middle  line ;  and  the  whole  structure  of  the  palate  being  of  a 
Pleurodiran  type.  As  minor  characters  of  the  skull,  attention  may 
be  directed  to  the  open  temporal  fossse,  and  the  forward  position 
and  upward  direction  of  the  small  orbits,  as  well  as  to  the  extreme 
development  of  the  backward  processes  of  the  supraoccipital  and 
squamosal.  The  sacral  and  caudal'  ribs  articulate  only  with  the 
arches  of  the  vertebrae,  and  there  are  no  chevrons.  The  plastron  is 
always  entirely  separate  from  the  carapace,  and  has  a  large  median 
vacuity  and  digitate  extremities,  as  in  the  marine  Chelonidce.  Fur- 
ther, the  head  and  neck  are  retracted  within  the  carapace  after  the 
Cryptodiran  manner,  but,  owing  to  the  peculiar  structure  of  the 
eighth  cervical  vertebra,  in  a  still  more  complete  way.  In  all  cases 
the  posterior  lateral  surfaces  of  the  neural  bones  of  the  carapace  are 
much  shorter  than  the  anterior. 

The  marked  resemblance  of  the  palate  and  the  general  aspect  of 
the  Trionychoid  skull  to  that  of  existing  Pleurodira  is  a  circum- 
stance that  does  not  admit  of  a  ready  explanation  from  a  phylo- 
genetic  point  of  view,  unless  we  adopt  the  somewhat  improbable 
suggestion  that  the  Pleurodira  gave  origin  to  the  Trionychoidea  at  a 
time  when  their  pterygoids  had  attained  their  full  width,  but  while 
the  tympanic  ring  was  still  partially  open. 

Family  Trionychid^.— The  whole  of  the  members  of  this  sec- 
tion may  be  mcluded  in  a  single  family,  which  is,  however,  suscep- 
tible of  division  into  two  subfamilies.  In  the  first,  or  Emydince, 
the  opisthotic  of  the  skull  unites  with  the  pterygoid  to  divide  the 
posterior  aperture  of  the  auditory  labyrinth  into  two  foramina ;  the 
hyo- and  hypoplastral  of  either  side  are  fused  together;  the  sculp- 
ture of  the  carapace  is  tuberculated ;  and  marginals  may  be  present. 
1  he  existing  Oriental  genus  Emyda,  in  which  marginals  and  a  com- 
plete series  of  neurals  are  present,  is  represented  by  numerous  species 
in  tne  Pliocene  Siwaliks  of  India,  some  of  which  attained  very  large 
aimensions.  The  African  genera  Cydanorbis  and  Cycloderma,  in 
wmcn  marginals  were  not  developed,  are  at  present  unknown  ir 


in  a 
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fossil  state.  In  the  second  subfamily,  or  Trionychince,  the  hyo-  and 
hypoplastrals  remain  distinct  throughout  life ;  the  pterygoid  does 
not  join  the  opisthotic  behind  the  labyrinth ;  the  sculpture  usually 
consists  of  sinuous  ridges  or  pits ;  and  marginal  bones  are  never 
developed  in  the  carapace.  The  type  genus  Trionyx  is  widely  dis- 
tributed at  the  present  day,  and 
extends  downwards  into  the  Lower 
Eocene  of  both  Europe  and  the 
United  States,  and  is  also  repre- 
sented in  the  Upper  Cretaceous  of 
the  latter  area.  Many  species  are 
remarkable  for  showing  dimorphic 
types  of  skull,  which  in  one  modi- 
fication has  a  broad  palate  adapted 
for  crushing,  while  in  the  other  the 
palate  is  very  narrow.  The  Indian 
species,  in  which  the  skulls  are  not 
subject  to  this  variation,  have  two 
short  neural  bones  between  the  first 
costals  ;  while  in  the  recent  Ameri- 
can forms  there  are  but  seven  pairs 
of  costals.  All  the  European  fossil 
forms  agree  with  the  majority  of 
species  in  having  only  one  long 
neural  bone  between  the  first  cos- 
tals. In  Europe  this  genus  appears 
to  be  unknown  above  the  Upper 
Miocene  of  CEningen,  and  it  is  ex- 
tremely abundant  in  the  Upper 
Eocene  (Lower  Oligocene)  of  Hord- 
well.  The  existing  Indian  species 
occur  in  the  Pleistocene  and  Plio- 
cene of  that  country.  Of  the  American  Tertiary  species  at  least 
some  have  eight  costals,  and  in  some  cases  only  six  neurals.  The 
Lower  Eocene  and  Upper  Cretaceous  forms  described  by  Professor 
Cope  as  Plastomemis  may  be  included  in  the  type  genus,  since  the 
thickening  of  the  plastron  can  scarcely  be  regarded  as  a  generic 
character.  The  same  remark  applies  to  the  Eocene  Axestus,  of  the 
United  States,  in  which  the  plastron  is  smooth,  as  in  some  existing 
forms.  An  apparently  distinct  type,  in  which  the  outer  margm  of 
the  costals  is  deeply  grooved,  occurs,  however,  m  the  English 
Upper  Eocene,  which  has  been  named  Aulacochelys.  Iinally,  the 
exclusively  Oriental  genus  Chitra  is  represented  in  the  Pliocene 
and  Pleistocene  of  India  by  remains  of  the  one  existing  species  C 
indica,  the  largest  member  of  the  family. 


rig.  1022. — Frontal  aspect  of  the  cranium 
of  Trionyx  gangeticus ;  from  the  Pleisto- 
cene of  India.  Reduced,  suji,  Supraocci- 
pital ;  /lar,  Parietal ;  Postfrontal ;  /r, 

Frontal ;  /r/,  Prefrontal  +  nasal ;  )'tx, 
Ma.\-illa;  ju,  Jugal ;  Quadratojugal ; 
or,  Orbit.  The  processes  on  either  side  of 
the  supraoccipital  are  formed  externally  by 
the  squamosal,  and  internally  by  the  opis- 
thotic, of  which  the  inner  border  articulates 
with  the  supraoccipital ;  externally  to  the 
parietal  is  the  prootic. 
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CLASS  REPTILIA  —  conthiued. 
Orders  Ichthyopterygia,  Proterosauria,  Rhynchocephalia, 

AND  SqUAMATA. 

Streptostylic  Branch.  —  According  to  the  arrangement  pro- 
posed by  Dr  Baur,  this  branch  is  taken  to  include  the  four  orders 
mentioned  in  the  heading  of  this  chapter.    These  orders  present  a 
remarkable  instance  of  the  divergent  views  obtaining  among  different 
writers  as  to  the  classification  of  Reptiles.    Thus  Professor  Cope 
has  proposed  to  place  the  Ichthyopterygia  in  a  group  by  themselves, 
which  he  regards  as  of  equal  value  to  another  containing  all  the 
other  orders  ;  while  Professor  Seeley  at  one  time  regarded  this  order 
as  a  division  of  the  Dinosauria,  although  its  relationship  to  the 
Squamata  had  been  long  before  pointed  out  by  Sir  R.  Owen.  Pro- 
fessor Seeley  has  also  proposed  to  separate  the  Squamata  from  all 
other  Reptiles  under  the  name  of  Coenosauria,  and  to  include  the 
Rhynchocephalia  in  a  second  division  as  Pateosauria.  Professor 
Cope,  while  not  going  so  far  as  this,  places  the  Rhynchocephalia  in 
the  bynaptosaurian  branch ;  while  Professor  Huxley  would  include 
both  tnat  group  and  the  Proterosauria  in  the  Squamata  (Lacertilia), 
froni  which  the  Ophidia  are  excluded.    Dr  Baur,  again,  merges  the 
Proterosauria  in  the  Rhynchocephalia,  and  regards  the  latter  as  a 
distinct  order  allied  to  the  Squamata.    This  middle  course  is  fol- 
vil     "       P'^f  although  the  Proterosauria,  in  accordance 

vith  the  views  of  Professor  Seeley,  are  provisionally  allowed  to  rank 
ds  an  order. 

The  present  branch  may  be  collectively  characterised  as  follows  • 
the'teprr'f".K  y  either  acrodont  or  pleurodont,  with 

be  imn  .1  ""^""^^  anchylosed  to  the  jaws  ;  but  the  teeth  may 
preince  •  1  '  g-^^o^e,  and  remain  free.  In  addition  to  thei; 
anri  1         ?  ^'^''^y        '^<^  developed  on  the  palatine 

and  pterygoid,  and  very  rarely  on  the  vomer.    There  is  very  fr"! 
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quently  a  parietal  foramen ;  the  superior  temporal  arcade  is  gener- 
ally present,  but  in  the  more  specialised  forms  the  inferior  is  often 
wanting.     The  quadrate  may  be  either  movably  or  immovably 
attached  by  its  proximal  extremity  to  the  cranium ;  a  columella  is 
very  generally  present ;  and  the  ramus  of  the  mandible  never  has 
a  lateral  vacuity.    The  precoracoid  appears  to  be  fused  with  the 
coracoid,  and  may  be  represented  by  a  precoracoidal  process  (fig. 
1040),  or  its  position  indicated  merely  by  a  fontanelle,  while  in  the 
Ichthyopterygia  even  the  latter  is  wanting.    A  T-shaped  interclavicle 
and  clavicles  are  present  in  all  the  earlier  and  a  large  proportion  of 
the  later  forms.    Usually  all,  or  nearly  all,  of  the  dorsal  ribs  articu- 
late by  single  heads  ;  the  dorsal  vertebra  either  have  short  or  rudi- 
mental  transverse  processes,  which  are  never  placed  entirely  on  the 
arch,  or  (Ichthyopterygia)  a  pair  of  facets  on  the  centrum ;  and, 
with  one  exception,  there  are  not  more  than  two  vertebrse  in  the 
sacrum.    Abdominal  ribs  are  present  in  the  earUer,  but  are  lost  in 
most  of  the  later  forms.    The  humerus  frequently  has  an  ectepicon- 
dylar  foramen.    The  number  of  phalangeals  in  the  digits  of  pente- 
dactylate  land  forms  is  generally  2,  3,  4,  5,  3,  in  the  manus,  and 
2,  3,  4,  5,  4  in  the  pes. 

In  no  case  are  secondary  posterior  nares  formed  by  the  develop- 
ment of  plates  from  the  bones  of  the  palate  to  floor  the  narial 
passage ;  the  posterior  nares  consequently  always  forming  more  or 
less  slit-like  horizontal  apertures  in  the  roof  of  the  mouth.  Neither 
is  the  posterior  extremity  of  the  palate  ever  completely  closed  by 
the  junction  of  the  pterygoids  with  the  basisphenoid,  after  the 
fashion  obtaining  in  the  Chelonia  (fig.  ioi7^/V)and  some  Sauro- 
pterygia ;  there  being  always  a  vacuity  between  the  hmder  extrem- 
ities of  the  pterygoids  which  displays  the  presphenoidal  rostrum. 

Order  IV.  Ichthyopterygia.— The  Mesozoic  Ichthyosaurs  and 
their  allies  were  large  marine  Reptiles,  with  the  body  long,  and 
shaped  somewhat  like  that  of  the  Cetacea  (fig.  1023),  without 


from  the 


rv..-„lv  reduced  restoration  of  the  skeleton  of  Ichthyosaurus  communis;  frc 
'Tower  lT^  of  Dorsetshire     The  pelvic  limb  is  relatively  too  large.    (After  Owen.) 

either  dermal  or  epidermal  skeleton  ;  the  Hmbs  being  modified  into 
naddles  in  which  the  component  bones  were  m  apposition  on  all 
sMes  and  the  phalangeals  were  oval  or  polygonal,  and  increased 
Lyond  the  normal  n'umber.  The  skull  (fig  X0.4)  ^as  ^he  fa^^^ 
region  produced  into  a  long  rostrum,  mainly  formed  by  the  pre 
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maxillie  in  the  upper  jaw  ;  and  the  nares  are  consequently  approxi- 
mated to  the  orbit,  which  is  of  very  large  size,  and  has  a  ring  of 
bony  plates  in  the  sclerotic ;  there  is  a  large  parietal  foramen  ;  and 
there  are  two  temporal  arcades  connected  together  by  the  supra- 
temporal  (prosquamosal  or  supraquadrate),  which  roofs  over  the 
infratemporal  fossa,  after  the  Labyrinthodont  fashion.    Other  char- 


Fig.  1024. — Reduced  left  lateral  view  of  the  skull  of  Ichihyosaiirjcs  ititemiedius  '  from  the 
Lower  Lias  of  Dorsetshire.     Pnix,  Prema.xilla  ;  Mx,  Maxilla  ;  N,  Nares  ;  La,  Lachrymal : 
Prefrontal;  Fr,  Frontal;  Pa,  Parietal;  Pt,  Postfrontal ;  St,  Supratemporal ;  Sq,  Squa- 
mosal; Qj,  Quadratojugal ;  Qu,  Quadrate;  Ju,  Jugal ;  Pt.O,  Postorbital.    (After  Huxley.) 


acteristic  features  of  the  skull  are  the  small  frontals ;  the  presence 
of  an  opisthotic  in  the  occipital  region  ;  the  distinctness  of  the  post- 
orbital  from  the  postfrontal,  and  of  the  lachrymal  from  the  pre- 
frontal ;  the  firm  fixture  of  the  quadrate,  which  does  not,  however, 
suturally  unite  with  the  pterygoid ;  and  the  presence  of  a  foramen 
separating  the  middle  portion  of  the  quadratojugal  from  that  bone,  as 


and'from'?hV'^I!'*-"""^?r°'i''"  interior  dorsal  vertebra  of  Ichthyosaurus,  viewed  in  section 
(After  Owen.)  ^'P'"'"  •  "''^  Kin.eridge  Clay  of  Wiltshire.  Reduced! 


in  the  existmg  Rhynchocephalian  genus  Spketwdon,  and  the  presence 
01  a  columella,  or  epipterygoid.  The  palate  has  essentially  the  same 
structure  as  m  the  last-named  genus.  As  in  the  Squamata,  there  is 
no  lateral  vacuity  in  the  mandibular  rami.  The  teeth  are  confined  to 
W  J'i'^^' '^"/^  ''^'■^  implanted  in  a  continuous  groove,  without  anchv- 
iosis  to  the  bone.    Their  crowns  are  sharply  pointed,  and  are  usually 
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cylindrical  and  deeply  fluted  (fig.  1032),  but  are  occasionally  com- 
pressed, carinated,  and  smooth  (fig.  1028).  The  vertebral  column 
is  primarily  divisible  only  into  a  precaudal  and  a  caudal  series, 
there  being  no  sacrum.  The  centra  (fig.  1025)  are  amphicoelous, 
more  or  less  disk-like;  and  either  deeply  cupped  or  nearly  flat.  On 
either  side  those  of  the  precaudal  series  (fig.  1025)  carry  a  pair  of 
tubercles  for  the  articulation  of  the  double-headed  ribs;  while  in  the 
caudal  region  these  tubercles  coalesce.  Superiorly  each  centrum  has  a 
pair  of  flattened  surfaces  for  the  attachment  of  the  neural  arches, 
which  are  united  merely  by  synchondrosis.  In  the  cervical  region 
the  tubercles  for  the  ribs  are  placed  near  the  summit  of  the  lateral 
surfaces  of  the  centra,  and  they  gradually  descend  on  the  centrum, 
till  they  reach  the  base  of  the  lateral  surface  in  the  posterior  pre- 
caudal and  caudal  regions.  In  some  forms  the  upper  costal  tubercle 
of  the  anterior  vertebrae  is  placed  either  partly  or  entirely  on  the 
neural  arch,  and  it  is  convenient  to  term  such  vertebree,  or  their 
homologues,  cervicals,  and  the  remainder  of  the  precaudal  series 
dorsals.    The  centrum  of  the  atlas  vertebra  is  well  developed,  and 


there  is  a  large  intercentum  between  the  atlas  and  the  skull,  and 
another  between  the  former  and  the  axis.  There  was  no  sternuiTi ; 
but  a  complex  system  of  abdominal  ribs  was  developed.  Ihe 
dorsal  ribs  were  devoid  of  uncinate  processes ;  and  ribs  occur  m 
the  caudal  region.  In  the  pectoral  girdle  (fig.  1026,  a)  there  is 
no  precoracoid ;  but  clavicles  and  a  T-shaped  mterclavicle  like  the 
corresponding  bones  of  the  Lacertilia,  were  developed.  The  cora- 
coSs  were  large  and  expanded,  devoid  of  any  fontanelle,  and  not 
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overlapping  one  another  at  their  junction.  The  three  bones  of  the 
pelvis  (fig.  1026,  b)  are  weak  and  rod-like;  the  ilia  have  no  con- 
nection with  the  sacral  region  of  the  vertebral  column  ;  and  although 
the  pubis  and  ischium  of  opposite  sides  meet  in  the  middle  line, 
those  of  the  same  side  do  not  unite  to  enclose  the  obturator  notch. 
The  humerus  and  femur  are  relatively  short ;  but  the  radius  and 
tibia  are  still  shorter,  and  may  be  reduced  to  oblong  bones  in 
which  the  transverse  diameter  is  the  longer. 
The  humerus  has  no  foramen.  The  struc- 
ture of  the  paddles  will  be  noticed  under 
the  head  of  the  different  genera  ;  but  it  may 
be  observed  that  when  there  is  a  difference 
in  the  size  of  the  limbs  it  is  the  pectoral 
that  is  the  larger.  From  the  less  special- 
ised structure  of  the  limbs  of  the  earher 

forms  Dr  Baur  regards  the  Ichthyopterygia 

as  descendants  of  land  animals  ;  a  conclu- 
sion which  is  supported  by  the  argument 

that  had  these  Reptiles  originated  directly 

from  Fishes,  as  was  formerly  supposed  to 

be  the  case,  they  would  have  retained  their 

gills.     In  regarding  this  order  as  closely 

allied  to  Sphenodon,  Dr  Baur  lays  stress 

upon  the  general  similarity  in  the  cranial 

structure,  and  especially  the  presence  of 

the   foramen   between  the  quadrate  and 

quadratojugal ;  the  identical  structure  of 

the  abdominal  ribs;  and  the  remarkable 

similarity  of  the  pectoral  girdle,  which,  this 

author  remarks,  is  only  comparable  to  that 

of  the  existing  genus,  especially  when  young. 

In  the  skull  and  vertebral  column  the  Ich- 
thyopterygia retain  evidences  of  their  Laby- 

nnthodont  descent,  which  are  lost  in  the 

other  orders  of  this  branch. 

This  order  is  known  to  range  with  cer- 
tainty from  the 'Upper  Trias  to  the  Upper 

Chalk.    It  was  also  widely  distributed  in  space;  its  remains  having 

been  discovered  in  the  Arctic  regions,  in  Europe,  India,  Ceram, 

Zeahnd     P °^  ^^^^^^^i'-^'  Ne^ 

scrtwi  f  ,     ^""^  '^^^''^^  ^°  Ichthyosaurus  has  been  de- 

scribed from  Malta,  which,  it  has  been  suggested,  may  be  of 
Miocene  age,  but  this  requires  confirmation.  ^ 

it  may  be  remarked  that  the  humerus  and  femur  of  this  order 
quite  unique  in  that,  instead  of  having  convex  condyles  for  the 


Fig.  1026  bis.  —  Proximal, 
dorsal,  and  distal  aspects  01' 
the  left  humerus  of  Ichthyo- 
saurus; from  the  Kimeridge 
Clay.  One-third  natural  size. 
a.  Trochanteric  ridge ;  r,  Fa- 
cet for  radius  ;  u.  Do.  for 
ulna. 
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articulation  of  the  epipodial  bones,  they  present  distinct  concavities 
(fig.  1026  bis)  for  their  reception. 

Family  Ichthyosaurid^.— Although  Dr  Baur  makes  the  genera 
Mtxosaurus,  Ichthyosaurus,  and  Opthalmosaurus  the  types  of  as 
many  families,  yet  it  seems  on  the  whole  more  convenient  to 
include  all  the  known  forms  in  a  single  family.  The  most  general- 
ised group  with  which  we  are  at  present  acquainted  is  the  genus 
Mixosaurus,  from  the  Upper  Trias  of  Italy,  which  is  founded  upon 
a  small  species  presenting  the  following  characters.  The  humerus 
and  femur  articulate  distally  with  two  bones ;  and  the  radius  and 
ulna  are  elongated,  and  separated  from  one  another  by  an  interval 
throughout  their  entire  length.  The  teeth  are  small,  and  not  ex- 
cessively numerous.  It  may  eventually  prove  that  all  the  Triassic 
forms  are  referable  to  this  genus.  The  type 
genus  Ichthyosaurus  is  characterised  by  the  usual 
presence  of  teeth  throughout  the  jaws;  and  by 
the  normal  articulation  of  the  humerus  with  only 
the  short  radius  and  ulna,  which  are  in  close  ap- 
position (fig.  1027).  In  the  pelvic  limb  the 
femur  similarly  articulates  only  with  the  tibia 
and  fibula  at  its  distal  extremity ;  and  thus  this 
extremity  in  both  the  humerus  and  femur  has  only 
two  articular  facets  (fig.  1026  bis).  The  bone 
which  articulates  inferiorly  with  the  radius  and 
ulna  at  their  junction  is  the  intermedium  (fig. 
1027,  z) ;  while  the  one  fiUing  up  the  angle  be- 
tween the  latter  and  the  radius  is  the  radiale ; 
the  opposite  angle  being  occupied  by  the  ulnare. 
Below  the  intermedium  we  have  the  centrale, 
which  in  the  more  specialised  forms  may  be 
double  (fig.  1 031),  and  below  this  the  remain- 
ing carpals,  metacarpals,  and  phalangeals,  which 
are  combined  to  form  a  pavement-like  structure. 
The  bones  forming  the  continuation  of  the  line 
of  the  intermedium  in  fig.  1027  correspond  to 
the  middle  or  third  digit  of  the  typical  manus ; 
and  the  structure  of  this  limb  indicates  that  it 
was  derived  from  a  four-fingered  ancestor,  since  the  poUex,  or  first 
digit,  is  not  represented. 

Specimens  have  been  obtained  from  the  Lias  of  Wiirtemberg  and 
Barrow-on-Soar,  in  Leicestershire,  which  show  the  contour  of  the  in- 
teguments of  the  paddles.  It  appears  from  these  that  on  the  anterior 
border  of  the  paddle  (fig.  1027  bis)  there  was  a  comparatively  narrow 
band  of  integument,  which  was  covered  by  minute  horny  scales  ;  while 
on  the  posterior  border  there  was  a  much  broader  flap,  which  appears 


D  O 

Fig.  1027.  —  Dorsal 
aspect  of  the  left  pec- 
toral limb  of  Ichthyo- 
saurus latifrons;  from 
the  Lower  Lias.  Re- 
duced. /;,  Humerus; 
r,  Radius;  u,  Ulna; 
Intermedium.  (After 
Owen.) 
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to  have  contained  parallel  bands  of  muscles  set  obliquely  to  the  axis  of 
the  paddle.  In  the  Latipinnate  group  (fig.  1027  bis)  the  posterior  flap 
of  integument  was  narrow  in  proportion  to  the  bony  framework  of  the 
naddle  and  it  was  produced  inferiorly  into  a  long  point  below  the  distal 
bones  '  In  the  Longipinnate  group,  however,  the  integuments  were  much 
wider  in  proportion  to  the  bones,  and  they  terminated  mfenorly  in  a 
blunt  extremity,  which  only  reached  a  short  distance  below  the  distal 

'^^The  larger  forms  attained  a  length  of  from  thirty  to  forty  feet ;  and  it 
is  thought  probable  that  the  extremity  of  the  tail  was  provided  with  a 
membranous  fin.    All  the  species  were  carnivorous  ;  and,  as  we  learn 


^^^^^ 


Fig.  Z02-]  bis. — Part  of  the  left  pectoral  limb  of  Ichthyosaurus  intervtedius^  viewed  from 
the  ventral  aspect,  and  showing  the  contour  of  the  integument.  One-half  natural  size,  hu^  Hu- 
merus ;  r,  Radius;  u,  Ulna;  Radiale ;  i,  Intermedium;  u' ,  Ulnare  ;  c,d,  Centralia.  From 
the  Lower  Lias  of  Barrow-on-Soar. 


from  the  so-called  coprolites,  their  food  consisted  to  a  considerable  ex- 
tent of  Ganoid  Fishes.  These  coprolites  further  tell  us  that  the  intestine 
was  provided  with  a  spiral  valve,  as  in  the  Selachian  fishes.  Perhaps, 
however,  the  most  remarkable  circumstance  connected  with  their  internal 
economy  is  the  not  unfrequent  occurrence  of  entire  skeletons  of  small 
individuals  within  the  thoracic  and  abdominal  cavity  of  larger  ones  ; 
these  small  specimens  being  invariably  uninjured,  and  belonging  to  the 
same  species  as  the  one  in  which  they  are  contained.  This  leads  Pro- 
fessor Seeley  to  conclude  that  some  species  or  individuals  were  vivi- 
parous, and  that  the  young  were  probably  produced  of  different  relative 
bulk  in  different  species.  There  is  also  evidence  to  show  that  in  some 
cases  rnany  young  were  produced  at  a  birth  ;  the  number  being  perhaps 
a  specific  character.  It  cannot,  however,  be  taken  as  proved  that  all 
Ichthyosaurs  were  viviparous,  since  in  such  other  Sauropsida  and  Ich- 
thyopsida  in  which  the  same  mode  of  development  occurs,  it  is  not  dis- 
tinctive of  any  entire  group  ;  and  it  is  noteworthy  that  the  three  specimens 
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with  young  figured  by  Professor  Seeley  all  belong  to  a  single  species. 
This  genus  may  be  divided  into  two  groups  from  the  structure  of  the 
pectoral  limb.  In  the  Longipiimate,  or  least  specialised  group,  which  is 
unknown  above  the  Lias,  the  orbit  is  generally  of  very  large  dimensions. 
The  pectoral  limb  (fig.  1027)  is  characterised  by  having  the  third  digit, 
or  that  arising  from  the  intermedium,  comprising  only  a  single  longi- 
tudinal row  of  bones,  and  consequently  having  only  one  centrale  ;  while 
there  are  usually  only  four  longitudinal  rows  of  phalangeals  in  this  limb, 
and  the  radius  is  nearly  square,  with  a  distinct  notch  in  its  anterior 
border  (fig.  1027).  This  group  may  be  further  subdivided  into  minor 
groups.    One  of  the  most  aberrant  forms  is  the  huge  /.  platyodon^  of  the 

Lower  Lias,  which  attained  a  length 
of  nearly  forty  feet.    This  species  is 
characterised  by  the  pelvic  paddles 
being  nearly  as  large  as  the  pectoral  ; 
but  still  more  readily  by  the  teeth 
(fig.  1028),  which  have  compressed, 
carinated,  and  smooth  crowns,  and 
the  roots  covered  with  a  coating  of 
cement.     /.  lonchiodon  is  an  allied 
Lower  Liassic  form  with  cylindrical 
and  fluted  teeth.     Another  type  is 
indicated  by  /.  tenuirostris  and  /. 
latifrons  {longirostris),  in  which  the 
cranial  rostrum  (fig.  1029)  is  greatly 
elongated  and  very  slender.  The 
paddles  (fig.  1027)  are  remarkable 
for  the  large  size  of  the  component 
bones  ;  and  in  /.  tenuirostris  there  is 
a  small  circular  vacuity  between  the 
radius  and  ulna,  indicating  the  last 
remnant  of  the  large  vacuity  found 
in  Mixosaurus.    Lastly,  /.  acutiros- 
tris,  I.  zetlandicus,  and  /.  integer 
are  three  Upper  Liassic  members  of 
this  group  indicating  a  transition  to 
the  next  group  ;  the  radius  of  the 
latter  species  having  no  anterior  notch.    The  skull  of  /.  zetlandicus  is 

^^'in  the"morJ°pecialised  or  Latipi^mate  group,  which  ranges  from  the 


Fig.  1028.— Lateral  and  profile  views  of  a 
tooth  of  Ichthyosaurus ^latyodou;  from  ihe 
Lower  Lias  of  Dorsetshire. 


Fie  io2q.-Left  lateral  view  of  the  skull  of  I chthyosanrns  latifrons ;  from  the  Lower  Lias 
'=       ^  of  Leicestershire.  Reduced. 


Lias  to  the  Chalk,  the  orbit  is  usually  relatively  smaller  than  in  the  last 
g  oup  The  pectoral  limb  (fig.  1031)  l^as.  the  third  dig.t,  or  that  ansmg 
from  the  intermedium,  with  a  double  longitudmal  row  of  bones,  and  t  ere 
are  consequently  two  centralia.    There  are,  moreover,  never  less  than 
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five  longitudinal  rows  of  phalangeals  in  this  limb  (the  marginal  rows  are 
wanting  in  fig.  103 1) ;  and  the  radius  is  transversely  elongated  (and  thus 
very  widely  removed  from  the  normal  type)  with  an  entire  anterior 
border.  It  is  important  to  observe  that  in  this  group  the  splitting  of 
the  third  digit  and  the  two  centralia  are  evidently  acquired,  and  not 
inherited  characters.  Like  the  last,  this  group  may  be  divided  into 
subgroups.  In  the  typical  subgroup,  which  is  confined  to  the  Lias, 
the  teeth  (fig.  1032)  have  their  roots  strongly  fluted,  and  the  dorsal 
aspect  of  the  humerus  has  no  strongly-marked  trochanteric  ridge.  /. 


Fig.  1030  -Superior  and  right  lateral  aspects  of  the  skull  of  rMhyosaurns  zeilandicus ;  from 
the  Upper  Lias  of  Caen.    Reduced.    Pmx,  Premaxilla ;  M.v,  Maxilla  ;  N,  Nares ;  Na,  Nasal  • 

Lachrymal;  Pr/;  Prefrontal ;  v^r,  Frontal;  Pa,  Parietal;  /-/^  Postfrontal ;  Sq,  Squamosal 
St,  Supratemporal;  Per,  Postorbital;  QuJ,  Q.iadratojugal ;  7,  Jugal ;  A    Orbit  •  i^  Suoral 

rDent4nxs^'z'ttf'=^'""'^ 


tntermediiis  is  the  species  least  widely  removed  from  the  preceding 
group  ;  while  the  typical  /.  communis  is  distinguished  by  the  extreme 
width  of  the  paddles  In  a  second  subgroup,  which  ranges  from  the 
Oxford  Clay  to  the  Chalk,  the  roots  of  the  teeth  are  invested  with  a 
thick  ayer  of  cement ;  the  dorsal  aspect  of  the  humerus  has  a  pro- 
minent trochanteric  ridge  ;  and  the  coracoid  differs  from  that  of  the 
preceding  subgroup  (fig.  1026)  by  the  absence  of  a  posterior  notch.  This 
subgroup  comprises  /.  trigonus,  and  probably  other  allied  forms  from 
fromirn  ^^'T'd^^  well-known  /.  campyt 

I  ind!^s  )L^^?C'  °f  ^  la'-ge  portion  of  Europe,  to  vfhich 

L  /    /    V        the  corresponding  strata  of  India,  and  perhaps  also  / 
«5«/r«/..,  from  the  Cretaceous  of  Australia,  are  pUabl?  closdy  alHed 
bg%enera  'Vhe^°'"'- "'P'/^'^          T'^  ^pecia'lised  than  the'follow: 
arf  fonsi derer?^  n  to  this  genus  from  the  Polar  regions 

be  from  f^/.t  ^"^l'^''        :         ''1  species  from  Ce ram  may 

be  from  Cretaceous  beds.    The  genus  is  unknown  in  America. 

nJl'^,"'"''  specialised  representatives  of  the  family  are  the  genera 
0/>iAalmosaurus,  from  the  Oxford  and  Kimeridge  Clay  and  probably 
from  .>f  9^'-'^"'°^^  °f  England,  and  BaJ>^anodou  (Sauranodon), 
trom  the  Upper  Jurassic  of  North  America.    In  the  latter  teeth 

smallT.i?  ^"'■^  '"'''^"y  ^^"^'"g'  but  in  the  formed 

small  teeth  were  present.    In  the  former  (and  probably  also  the 

Q 
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latter)  the  humerus  (fig.  1033)  and  femur  have  a  prominent  troch- 
anteric ridge,  and  in  both  they  articulate  distally  with  three  distinct 
bones  (figs.  1033-34),  which  in  the  pectoral  limb  are  correlated 


Fig.  xo3i.-Ventral  aspect  of  the  right  pectoral  limb  (wanting  '^e  marginal  rows)^^^^^^ 
sal^s  .front  the  Lower  L-s  of  Gloucestershtre  R^^^^ 

Ulna;   t,  Radiale;   /,  Intermedium,  /,  Ulnare ,  ci,  C2,  t-entraua.  v. 
Hulke.) 

by  Dr  Baur  with  the  radius,  ulna,  and  pisiform;  the  correspond- 
ing bones  in  the  pelvic  Hmb  (fig.  1034)  being  the  tibia,  fibula  and 
th!  homologue  of  the  pisiform.    The  clavicles  differ  from  those  0 
Icmyosaurus  in  being  separate.    Both  limbs  appear  to  have  been 
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of  great  width,  and  the  third  digit,  or  the  one  arising  from  the 

intermedium,  at  least  in  the  American  genus, 

consists  of  two  longitudinal  rows  of  bones. 

The  type  species  of  Opthalmosaiirus  was  of 

moderate  size,  and  occurs  in  the  Oxford  and 

Kimeridge  Clays ;  it  is  characterised  by  the 

inequality  in  the  size  of  the  three  distal  facets 

of  the  humerus.    In  O.  cantabrigiensis,  of  the 

Cambridge  Greensand,  which  may  belong  to 

Baptanodon,  these  three  facets  have,  however, 

become  nearly  equal  in  size ;  and  this  form 

seems  therefore  to  indicate  the  highest  evolu- 
tion of  the  order.    It  should  be  mentioned 
that  Professor  Marsh  and  Mr  Hulke  differ  from 
Dr  Baur  in  their  interpretation  of  the  three 
bones  of  the  second  segment  of  the  limb  of 
this  genus;  correlating  the  middle  bone  with 
the  intermedium,  and  the  postaxial  one  with 
the  ulna  in  the  pectoral,  and  the  fibula  in  the 
pelvic  limb.    Finally,  it  should  be  observed  /cX'X„7L~°' 
that  a  femur,  from  the  Cambridge  Greensand,   ofV*^™""  Lias 
described  under  the  name  of  Cetarthrosaurus,  ° 
and  regarded  as  belonging  to  a  member  of  the  present  order  but 
which  has  been  referred  by  Mr  Hulke  to  the  suborder  Pyth'ono- 


thro;fo?d'tla?.°"oLThirdl?u"  °si.^  I'^ht  pectoral  limb  Optkal.no.auru.  icenicus  ;  from 
".  Ulna ;  p,  Piriform.  ""'"<=™^  I  «-  'IVofhanteric  ridge  of  do. ;  r,  Radius  ; 
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morpha  of  the  Squamata,  appears  to  approximate  in  structure  to 
the  femur  of  Ichthyosaurus  campylodon,  and  may  therefore  really 
belong  to  this  order. 

Order  V.  Proterosauria. — The  genus  Froterosaurus,  from  the 
TNIiddle  Permian  of  Thuringia,  is  regarded  by  Professor  Seeley  as 
presenting  such  peculiar  features  that  it  is  entitled  to  ordinal  dis- 
tinction, although  Dr  Baur  would  include  it  in  the  Rhynchocephalia. 

The  skull  is  very  imperfectly 
known,  and  although  Professor 
Seeley  has  attempted  its  restora- 
tion, Professor  Credner  points 
out  that  the  specimens  scarcely 
justify  the  figure.  There  is  some 
doubt  as  to  the  mode  of  attach- 
ment of  the  teeth  to  the  jaws, 
but  they  appear  to  have  been 
anchylosed  to  the  bone,  with 
cavities  beneath  them,  and  were 
not,  as  has  been  supposed, 
implanted  in  distinct  alveoli. 
Teeth  also  occur  on  the  pala- 
tine, pterygoid,  and  vomer;  and 
Professor  Seeley  considers  that 
the  palate  was  closed.  The 
dorsal  vertebrae  are  amphiccfil- 
ous,  and  have  no  intercentra ; 
but  the  cervicals  appear  to  have 
been  opisthocoelous,  and  are  re- 
markable for  their  length.  There 
were  intercentra  in  the  anterior 
cervical  region.  In  all  the  ver- 
tebrae the  arches  were  anchylosed 
to  the  centra ;  while  in  the  dor- 
sals the  costal  articulation  is 
placed  unusually  high.  The 
posterior  caudal  vertebrae  have 
divided  neural  spines.  Abdom- 
inal ribs  were  fully  developed 
(fig.  1035),  and  were  apparently 
of  the  Rhynchocephalian  type.  It  has  been  suggested  that  the 
ilium  may  have  had  a  preacetabular  production ;  but  the  pectoral 
girdle  seems  to  have  been  of  the  Rhynchocephalian  type,  the 
clavicles  and  interclavicle,  according  to  Dr  Credner,  closely  resem- 
bling those  of  Sphenodon. 

According  to  Dr  Baur  there  are  two  centralia  in  the  carpus; 
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Fig.  1034. — Dorsal  aspect  of  the  left  pelvic 
limb  of  Bafitanodon  natans;  from  the  Upper 
Jurassic  of  North  America.  Reduced.  7", 
Tibia ;  i,  Fibula ;  F,  Bone  representing^  the 
pisiform  of  ihe  manus  ;  Tibiale;  c  (left  side), 
Intermedium  ;  c  (right  side),  Fibulare  ;  f.  Un- 
determined bone.  The  two  bones  beneath  the 
intermedium  are  the  centralia.  (After  Marsh 
and  Hulke.) 
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while  Professor  Seeley  describes  a  centrale  (navicular)  in  the  tarsus. 
The  pectoral  limb  is  considerably  shorter  than  the  pelvic  (left  side 
of  fig.  1035)  J  and  while  both  have  five  digits,  neither  presents  any 
very  strongly  marked  divergence  from  the  Rhynchocephalian  plan 
of  structure.  In  the  type  species  there  were  the  normal  two  sacral 
vertebrte ;  but  according  to  Professor  Seeley,  P.  Linki  differs  from 
all  other  known  members  of  this  branch  in  having  three  sacrals. 
It  is  highly  probable  that  Proterosaunis  should  be  regarded  as  a 


Fig.  1035. — Part  of  the  trunk  and  pectoral  limb  of  P roterosaurus 
Speneri;  from  the  Permian  of  Thuringia.  Reduced.  (After  von 
Meyer.) 


specialised  Rhynchocephalian.  The  imperfectly- 
known  genus  Haptodus,  from  the  Permian  of 
France,  may  not  improbably  indicate  a  Reptile 
more  or  less  nearly  allied  to  Froterosaurus, 
although  on  the  other  hand  its  affinities  may  be 
with  the  Rhynchocephalian  Palaohattei-ia. 

Order  VI.  Rhynchocephalia. — This  order 
is  represented  at  the  present  day  solely  by  the 
remarkable  genus  Sphenodon  {Hatteria),  and  may 
be  provisionally  characterised  as  follows :  The 
external  appearance  is  usually  more  or  less  lizard-like.  In  the  skull 
the  quadrate  is  immovably  fixed  by  its  proximal  extremity,  and 
unites  by  suture  with  the  pterygoid ;  an  inferior  temporal  arcade 
is  present  (fig.  1039)-  the  postorbital,  at  least  in  Sphenodon,  is 
quite  distinct  from  the  postfrontal ;  the  palate  is  closed  anteriorly 
by  the  median  union  of  the  pterygoids,  which,  in  the  living  form 
at  least,  extend  forwards  to  meet  the  vomers,  and  thus  separate  the 
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palatines ;  ^  and  the  premaxillje  never  united.  The  dentition  is 
usually  acrodont.  The  ribs  may  have  uncinate  processes,  and  ab- 
dominal ribs  are  always  developed.  The  vertebrae  may  be  either 
opisthocoelous  or  amphicoelous,  and  intercentra  may  be  retained. 

Dr  Baur  observes  that  "  the  Rhynchocephalia,  together  with  the 
Proterosauria,  to  which  they  are  closely  allied,  are  certainly  the 
most  generalised  group  of  all  Reptiles,  and  come  nearest,  in  many 
respects,  to  that  order  of  Reptiles  from  which  all  others  took  their 


origm  " 


This  order,  if  we  include  Falceohatteria,  dates  from  the  Permian, 
but  only  comparatively  few  forms  are  at  present  known.  It  may 
be  provisionally  divided  into  three  suborders. 

Family  PALjEOHATXERiiDiE. — The  genus  Falceohatteria,  of  the 
Permian  of  Germany,  is  regarded  by  Professor  Credner,  its  describer, 
as  so  closely  allied  to  the  existing  Sphenodon  that  it  is  referred  by 
him  to  the  same  family.  There  can,  however,  be  no  question  but 
that  it  is  entitled  to  be  the  representative  of  a  distinct  family,  and 
probably  of  a  distinct  suborder.  Dr  Baur,  with  whom  Professor 
Cope  is  in  accord,  would  even  go  farther,  and  remove  this  genus 
altogether  from  the  Rhynchocephalia,  to  place  it  with  Mesosaunis 
in  his  order  Proganosauria.  There  is,  indeed,  much  to  be  said  in 
favour  of  placing  both  these  primitive  Reptiles  in  a  single  group ; 
but  this  appears  to  be  outweighed  by  the  resemblance  of  the  one  to 
the  true  Sauropterygians  and  of  the  other  to  the  Rhynchocephalians. 

The  skull  much  resembles  that  of  Sphenodott,  the  jugal  dividing 
posteriorly  to  join  the  two  temporal  arcades ;  but  the  supra-  and 
infratemporal  fossae  are  much  smaller,  while  there  is  a  separate 
lachrymal,  and  the  premaxillae  do  not  form  a  beak.  Teeth  occur 
not  only  on  the  palatines,  but  also  on  the  vomer  and  pterygoids,  as 
in  the  young  of  Sphenodon ;  and  Dr  Baur  suggests  that  there  was 
a  parasphenoid.  There  are  intercentra  between  all  the  vertebrae, 
in  which  the  neural  arches  remain  distinct  from  the  centra ;  there 
are  also  two  sacral  vertebra ;  and  the  ribs  have  no  uncinate  pro- 
cesses. The  teeth  of  the  jaws  were  acrodont,  and  anchylosed  to 
the  bone.  The  pectoral  girdle  presents  an  approximation,  in  the 
form  of  the  clavicles  and  interclavicle,  to  that  of  Sphenodon ;  but 
the  expanded  proximal  extremities  of  the  clavicles  recall  the  lateral 
thoracic  plates  of  the  Labyrinthodonts,  and  the  coracoid  is  more 
like  that  of  the  Sauropterygians.  This  bone,  indeed,  like  the  bones 
of  the  pelvic  girdle,  ossifies  by  radiations  from  the  centre  after  the 
manner  obtaining  in  Sauropterygians  and  Amphibians  The  pelvic 
girdle  is  widely  different  from  that  of  Spheiwdon ;  the  pubes  and 
ischia  forming  wide  flattened  plates  like  those  of  the  Sauropterygian 
1  The  same  arrangement  obtains  in  the  skull  of  Nothosaurus,  represented  in 
fig.  991. 
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genus  Mesosauriis.,  and  the  ischia  being  almost  identical  with  those 
of  the  Amphibia.  The  tarsus  also  resembles  that  of  Mesosaurus  in 
having  five  distinct  bones  in  the  distal  row ;  while  the  humerus  (as 
in  the  latter)  has  an  entepicondylar,  or  ulnar,  foramen. 

That  PalcBohatteria  is  a  primitive  type  connecting  the  later  Rhyn- 
chocephalia  with  the  Amphibia  there  can  be  no  reasonable  doubt ; 
and  although  it  presents  many  points  of  affinity  with  Mesosaurus, 
these  resemblances  are  those  which  we  should  expect  to  find  in  all 
transitional  types,  and  do  not  necessarily  imply  that  all  the  forms  in 
which  they  occur  should  be  placed  in  the  same  group. 

Suborder  i.  Sim^dosauria. — This  group  is  represented  by  the 
genus  Chaiiipsosaurtis,  typically  from  the  Lower  Eocene  of  North 
America,  which  may  be  regarded  as  a  somewhat  specialised  Rhyn- 
chocephalian,  showing  a  remarkable  afBnity,  in  the  general  structure 
of  its  skull  and  vertebral  column,  to  Hyperodapedon.  Dr  Baur  ob- 
serves that  this  genus  agrees  with  the  other  Rhynchocephalia  in  the 
loose  condition  of  the  otic  bones,  and  in  the  nature  of  the  costal 
articulations ;  and  since  it  has  a  fixed  quadrate,  two  temporal  ar- 
cades, and  abdominal  ribs,  there  appears  no  good  reason  for  its 
ordinal  separation.  The  adaptation  to  an  aquatic  life  has,  however, 
necessarily  produced  considerable  structural  modifications  of  secon- 
dary import.  The  correctness  of  these  observations  has  been  re- 
markably shoAvn  by  the  researches  of  M.  Dollo,  who  finds  that  the 
structure  of  the  palate,  and  the  position  of  the  posterior  nares,  and 
the  general  arrangement  of  the  teeth,  closely  accords  with  that 
obtaining  in  Hyperodapedon.  The  suborder  may  be  characterised 
as  follows  :  The  facial  portion  of  the  skull  is  produced  into  a  long 
rostrum  ;  the  splenial  bone  enters  into  the  mandibular  symphysis  ; 
the  tail  and  pelvic  limbs  are  elongated ;  the  vertebrse  are  amphi- 
coelous  ;  and  the  ribs  have  no  uncinate  processes. 

Family  CHAMPSOSAURiDiE. — In  the  type  and  only  known  family 
the  nares  are  single  and  subterminal ;  the  maxillary  and  anterior 
mandibular  teeth  are  large  and  not  fixed  to  the  bone ;  there  is  a 
series  of  smaller  teeth  on  the  palatines  and  vomers,  separated  by  a 
groove  from  those  of  the  maxilla ;  while  there  is  also  an  irregular 
mass  of  small  teeth  on  the  pterygoids,  which  are  completely  united 
in  the  middle  line ;  the  posterior  nares  form  very  narrow  slits  on 
the  sides  of  the  palate ;  and  there  is  no  parietal  foramen.  There 
are  some  twenty-five  presacral  vertebrse,  and  the  neuro-central  suture 
is  persistent.  Remains  referred  to  Champsosaurus  have  been  found 
not  only  in  the  Lower  Eocene  of  North  America,  but  also  in  the 
corresponding  horizon  of  Belgium  and  Rheims  ;  the  latter  specimens 
havmg  been  described  under  the  name  of  Simadosanrus.  One  of 
the  specimens  from  Rheims  indicates  an  animal  of  about  nine  feet 
in  length,  but  other  examples  appear  to  have  been  of  considerably 
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larger  dimensions.  The  Simsedosauria  may  perhaps  be  regarded  as 
an  offshoot  from  a  stock  related  to  Hyperodapedon. 

Suborder  2.  Sphenodontina. — This  group  is  characterised  by 
the  short  and  more  or  less  triangular  skull,  in  which  the  premaxillge 
are  produced  into  a  distinct  beak ;  by  the  longitudinal  series  of 
palatine  teeth,  separated  by  a  groove  (into  which  the  hinder  mandi- 
bular teeth  are  received)  from  those  of  the  maxilla  (fig.  1037) ;  and 
by  the  presence  of  uncinate  processes  to  the  ribs. 

Family  Rhynchosaurid^. — This  is  the  most  specialised  family, 
and  as  being  most  nearly  related  to  ChatJipsosanrus,  may  be  noticed 
first.  The  nares  are  single ;  there  are  no  teeth  either  in  the  beak 
or  in  the  opposing  part  of  the  mandible,  which  were  probably  cased 
in  horn ;  there  may  be  more  than  a  single  row  of  palatine  teeth ; 
and  the  presacral  vertebras  may  be  more  or  less  opisthocoelous. 


Fig.  1036.— Left  lateral  view  of  the  skull  of  Hyperodapedon  Gordon!.,  as  restored  by  Professor 
Huxley ;  from  the  Trias  of  Elgin.    Reduced.    Or,  Orbit ;  /,  Infratemporal  fossa. 

The  most  specialised  genus  Hyperodapedon  was  originally  made 
known  to  us  by  some  very  imperfect  specimens  from  the  Keuper 
or  Upper  Trias  of  Elgin  and  Warwickshire;  but  the  subsequent 
discovery  of  a  nearly  entire  skeleton  in  the  former  locality  has 
enabled  Professor  Huxley  to  illustrate  its  full  affinities.  Remains 
referred  to  the  same  genus  also  occur  in  the  Maleri  stage  of  the 
Gondwana  system  of  Central  India.  The  European  species  attained 
a  length  of  from  six  to  seven  feet,  but  the  Indian  form  must  have 
been  nearly  or  quite  double  these  dimensions.  The  skull  (fig.  1036) 
is  remarkable  for  its  depressed  and  triangular  form,  in  which  it  re- 
sembles that  of  the  Chelonian  family  Chelydrida  ;  and  also  for  the 
upward  direction  of  the  small  orbits ;  the  reduced  size  of  the  infra- 
temporal fossae ;  the  strongly-curved  and  thick  premaxillary  beak ; 
the  diverging  clawlike  processes  of  the  mandibular  symphysis ;  and 
the  absence  of  a  parietal  foramen.  Professor  Huxley  considered  that 
the  forked  extremities  of  the  mandibular  symphysis  embraced  the 
premaxillary  beak,  as  is  shown  in  the  figure;  but  later  observations 
indicate  that  they  were  received  in  a  pit  beneath  the  beak,  which  Pro- 
fessor Huxley  regarded  as  containing  the  apertures  of  the  posterior 
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nares.    The  latter  probably  really  formed  very  small  slits  on  the  sides 
of  the  palate,  as  in  Champsosaurus,  and  opened  between  the  rows  of 
maxillary  and  palatine  teeth.    By  far  the  most  remarkable  feature 
is,  however,  to  be  found  in  the  upper  den- 
tition.   On  the  palatal  surface  of  the  pecu- 
liar triangular  compound  bone  (iig.  1037), 
which  may  be  conveniently  termed  the 
palato-maxilla,  although  anteriorly  it  prob- 
ably includes  the  vomer,  and  posteriorly 
part  of  the  pterygoid,  there  are,  on  the 
outer  or  maxillary  side,  several  rows  of 
low  pyramidal  teeth ;    then  comes  the 
groove  for  the  reception  of  the  edge  of 
the  mandible,  on  the  inner  side  of  which 
there  are  two  or  more  rows  of  similar  teeth 
borne  by  the  palatine  and  vomer,  and  prob- 
ably also  by  the  pterygoid.    And  it  is  in- 
teresting to  notice  that  while  in  the  type 
species  the  larger  number  of  rows  of  teeth 
occurs  on  the  palatine  and  vomer,  the  re- 
verse condition  obtains  in  the  Indian  form 
(fig.  1037).     In  the  type  species  there 
appears  to  be  no  foramen  to  the  humerus, 
and  the  presacral  vertebrae  are  slightly 
opisthoccelous  ;  it  is,  however,  not  improb- 
able that  the  vertebrae  of  the  Indian  form 
were  amphicoelous.    The  extremely  solid  structure  of  the  palato- 
maxilla  causes  this  part  to  be  the  most  frequently  preserved ;  and 
these  bones  are  very  common  in  the  Indian  Gondwanas. 

Professor  Huxley  observes  that  it  is  very  interesting  to  note  that  this 
suborder  had  attained  its  greatest  degree  of  specialisation  as  early  as  the 
1  nas ;  Hyperodapedo7i  being  in  all 
respects  a  more  modified  forni  than 
Sphenodon.  It  appears  therefore  to  be 
probable  that  in  the  Permian,  or  per- 
haps still  earlier,  there  must  have  ex- 
isted Lizards  differing  less  from  the 
existing  genus  than  either  Hyperoda- 
pedon  or  Rhynchosaiirus. 

Fig.  1038.— Right  lateral  aspect  of  the 


_  1037.— Oral  surface  of  the 
right  palato-maxilla  of  Hypero- 
dapedon  Huxleyi ;  from  the  Ma- 
leri  stage  of  Central  India.  (After 
Medlicott  and  Blanford.) 


In  the  typical  genus  Rhynchosau-   .kS^^f oft;i;;K;;r.t-?S°from 
rus,  from  the  English  Keuper,  of  (Af.eT  Owe°[)'^"""''''"" 
which  the  type  skull  is  represented 

jn  %  1038,  there  is  but  a  single  row  of  palatine  teeth;  the  orbit 
s  arge  and  lateral ;  the  infratemporal  fossa  of  considerable  size  • 
ana  the  premaxillary  beak  long  and  slender,  its  form  being  not 
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correctly  shown  in  the  figure  of  the  type  skull.  The  single  de- 
scribed species  indicates  an  animal  about  three  feet  in  length. 
This  genus  serves  in  some  respects  to  connect  Hyperodapedon  with 
Sphenodo7i. 

Family  SphenodontiDjE. — The  least  specialised  family  of  this 
suborder  is  solely  known  by  the  existing  New  Zealand  genus 
Sphenodon  {Hatteria),  of  which  the  cranium  is  shown  in  fig.  1039. 
According  to  Professor  Huxley's  definition,  this  genus  is  character- 
ised by  the  divided  nares ;  the  presence  of  a  single  tooth  on  either 

side  of  the  premaxillary 
beak,  which  was  not 
sheathed  in  horn  ;  by 
the  single  row  of  pal- 
atine teeth ;  and  the 
amphicoelous  vertebrae. 
In  the  palate  the  ptery- 
goids unite  anteriorly 
with  the  vomer  to 
exclude   the  palatines 

^'^■'°^;;:^fS^'^:l''^x:li^X^^^  *e  median  line. 

Additional  distinctive 

features  are  found  in  the  presence  of  intercentra  between  all  the 

vertebrae ;  in  the  large  size  and  the  lateral  position  of  the  orbits ; 

the  well-developed  parietal  foramen  ;  and  the  large  size  of  the  supra- 

and  infratemporal  fossK  (fig.  1039).    The  humerus  is  remarkable 

as  having  both  an  entepicondylar  and  an  ectepicondylar  foramen. 

The  Tuataras,  as  these  lizards  are  called  by  the  Maories,  are  medium- 
sized  reptiles  of  extreme  rarity,  and  with  nocturnal  habits.  The  ah'eolar 
border  of  the  dentary  bone  of  the  mandible  is  received  m  the  groove 
between  the  palatine  and  maxillaiy  teeth,  and  in  old  mdividuals  becomes 
as  hard  and  polished  as  the  teeth  themselves,  of  which  it  eventually  dis- 
charges the  functions. 

Suborder  3.  Hom^osauria.  —  This  group  includes  several 
genera  of  Mesozoic  Reptiles,  in  which  the  premaxilte  did  not 
apparently  form  a  beak,  and  the  ribs  were  devoid  of  uncinate 
processes  The  dentition  is  acrodont ;  but  the  nature  of  the 
palatal  dentition  is  unknown.  The  vertebra  are  amphiccelous, 
and  Dr  Baur  considers  that  intercentra  were  present. 

Family  Hom^osaurid^.— The  type  family  is  definitely  known 
from  the  Kimeridgian  Lithographic  slates  of  the  Contment,  and  is 
characterised  as  follows.  The  body  is  shaped  like  that  of  ordinary 
Lizards  ;  the  skull  is  comparatively  broad  and  short,  vvith  oval  nares 
and  a  complete  postorbital  bar;  there  are  no  tusk-like  teeth  in  the 
premaxillse  or  mandible  ;  and  the  pes  is  of  normal  structure.  The 
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Kimeridgian  genera  are  JIo?nceosaurus,  Ardeosauriis,  and  Sapheo- 
sauriis  ;  all  of  which  are  represented  by  species  of  small  or  medium 
size.  The  imperfectly  known  Aphelosaurus,  from  the  Permian  of 
France,  was  regarded  by  the  late  Professor  Gervais  as  allied,  but  it 
may  indicate  a  distinct  family,  which  does  not  belong  to  this  group ; 
the  number  of  phalangeals  is  the  same  as  in  existing  Lizards. 

Family  Pleurosaurid^. — This  family  is  typically  represented 
by  Fkurosaiirics,  of  the  Kimeridgian  of  Bavaria,  which  is  a  medium- 
sized  Lizard  characterised  by  the  extreme  elongation  of  the  body 
(in  which  there  are  a  great  number  of  presacral  vertebrae),  and  the 
long  narrow  skull,  with  slit-like  nares.  Angiiisaurus  and  Acro- 
saunis,  of  the  same  deposits,  belong  to  this  family ;  but  it  does 
not  appear  certain  that  they  are  really  distinct  from  the  type 
genus. 

Family  Telerpetid^.  —  The  small  Telerpeton,  of  the  Upper 
Trias  of  Elgin,  differs  from  the  Honiaosaurida  by  the  presence 
of  tusk-like  teeth  at  the  extremities  of  both  jaws,  and  the  reduction 
in  the  number  of  the  phalangeals  of  the  fifth  digit  of  the  pes  to 
two ;  in  addition  to  which  Professor  Huxley  considers  that  the  skull 
had  no  postorbital  bar.  The  one  species  is  of  small  size  \  and 
although  the  genus  agrees  with  the  Ho7naosauridcE.  in  its  acrodont 
dentition,  its  serial  position  must  be  regarded  as  provisional. 
Saurosternum,  from  the  Karoo  system  of  South  Africa,  is  not  im- 
probably an  allied  genus ;  although  it  has  been  referred  by  Sir  R. 
Owen  to  the  Amphibian  Labyrinthodonts  under  the  name  of 
Batrachosaurus. 

Finally,  it  should  be  mentioned  that  Professor  Cope  includes  in 
the  present  order  the  genera  Typothorax  and  Aetosauriis,  which  are 
here  provisionally  placed,  on  the  authority  of  Dr  Baur,  among  the 
Crocodilia. 

Order  VII.  Squamata. — With  this  order  we  come  to  the  con- 
sideration of  the  one  represented  most  numerously  at  the  present 
day,  and  containing  the  true  Lizards,  the  Chameleons,  the  extinct 
Mosasaurians,  and  the  Serpents.  In  this  order  the  body  may  be 
either  short,  with  well-developed  limbs  and  distinct  tail  (lacerti- 
form) ;  or  it  may  be  extremely  elongated,  without  any  external  trace 
of  limbs,  and  passing  gradually  into  the  tail.  As  a  rule,  the  whole 
body  and  limbs  are  covered  with  overlapping  horny  scales;  and 
these  may  be  underlain  by  an  armour  of  bony  dermal  scutes.  The 
limbs  may  be  adapted  either  for  walking  on  land,  or  modified  into 
paddles  for  swimming.  In  the  skull  the  proximal  end  of  the  quad- 
rate is  more  or  less  movably  articulated ;  the  lower  temporal  arcade 
IS  wanting ;  the  postorbital  is  generally  fused  with  the  postfrontal ; 
the  palate  is  more  or  less  open,  the  pterygoids  being  nearly  always 
separated  by  an  interval  from  one  another ;  and  the  premaxilte  are 
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Fig.  1040. —  Part  of  the  left 
pectoral  girdle  of  Iguana,  s, 
Scapula ;  m.sc,  Mesoscapula ; 
car,  Coracoid ;  f.cor,  Precora- 
coid  ;  111. cor,  Mesocoracoid  ;  /or. 
Foramen  ;  s^t  Glenoid  cavity. 


frequently  united.  The  vertebrae  are  generally  procoelous,  although 
rarely  amphicoelous ;  their  neurocentral  suture  is  always  obliterated ; 
zygosphenal  articulations  may  or  may  not  be  present ;  and  inter- 
centra  are  always  wanting.    The  dorsal  ribs  never  have  uncinate 

processes ;  and  true  abdominal  ribs  are 
likewise  never  developed.  The  carpus 
has  but  a  single  centrale ;  and  the  pre- 
coracoidal  process  (fig.  1040)  is  often  well 
marked. 

Three  of  the  groups  here  regarded  as 
suborders  of  the  Squamata  are  frequently 
ranked  as  distinct  orders,  but  their  mutual 
relations  are  so  close  that  it  appears  to 
harmonise  better  with  the  classification, 
adopted  in  other  branches  of  the  class,  to 
include  the  whole  of  them  in  a  single 
order.  The  Squamata  may  be  regarded 
as  occupying  a  position  among  Reptiles 
somewhat  similar  to  that  held  by  the 
Teleostei  among  Fishes,  and  the  Passeres 
among  Birds.  That  is  to  say,  they  are 
essentially  typical  Reptiles,  which  have 
attained  to  a  considerable  degree  of  specialisation ;  and  while  they 
have  lost,  on  the  one  hand,  all  signs  of  kinship  with  the  Amphibians, 
they  exhibit,  on  the  other,  no  traces  of  especial  relationship  with  the 
Birds.  That  this  order  has  originated  from  the  Rhynchocephalia 
there  seems  but  little  doubt ;  but  we  are  very  much  in  the  dark  as 
to  when  or  how  the  divergence  took  place. 

Suborder  i.  Lacertilia. — In  the  true  Lizards  the  four  limbs 
are  usually  well  developed  (fig.  1041)  but  in  some  cases  one  or  both 
pairs  are  wanting.  The  ali-  and  orbitosphenoidal  regions  of  the 
skull  are  imperfectly  ossified ;  the  superior  temporal  arcade  is 
generally  present ;  the  quadrate  articulates  with  the  pterygoid ; 
the  nasals  form  a  part  of  the  narial  aperture ;  and  the  rami  of  the 
mandible  unite  by  suture.  The  vertebrae  are  in  some  instances 
amphicoelous ;  they  usually  have  no  zygosphenes,  and  the  number 
in  the  cervical  region  does  not  exceed  nine.  When  limbs  are 
present  the  pectoral  girdle  is  complete ;  and  the  terminal  phalan- 
geals of  the  feet  are  clawed.  Dermal  scutes  are  sometimes  present ; 
and  these  may  be  developed  on  the  upper  surface  of  the  skull,  so 
as  to  roof  over  the  supratemporal  fossa.  Existing  Lizards  are 
divided  into  twenty  families,  but  only  those  will  be  noticed  which 
occur  in  the  fossil  state.  _ 

We  may  commence  our  notice  with  a  few  Mesozoic  forms,  ot 
which  the  family  position  is  not  yet  determined.     The  earliest 
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known  form  appears  to  be  Macellodus  (with  which  Saurillus  is 
either  identical  or  very  closely  allied),  from  the  English  Purbeck ; 
a  small  Lizard  with  pleurodont  dentition,  dermal  scutes,  and  pro- 
coelous  vertebrte.  Adriosaurus  is  a  larger  form  from  the  Lower  Green- 
sand  of  Austria,  also  having  dermal  scutes  and  procoelous  vertebrae, 
but  of  which  the  dentition  is  unknown.  An  allied  Continental 
Mesozoic  form  has  received  the  name  of  Hydrosaurus,  which  is, 
however,  a  synonym  of  Varamis.  In  the  Cambridge  Greensand 
an  imperfect  femur  and  a  vertebra  indicate  a  Lizard  of  the  size  of 
some  of  the  existing  Monitors,  but  of  which  the  affinity  cannot  even 


be  conjectured.    In  the  English  Chalk  occur  the  imperfectly  known 
genera  Co?iiasaurus  and  Raphiosaunis ;  the  former  having  expanded 
and  the  latter  acute  teeth.  ' 

Here  also  may  be  mentioned  several  genera  from  the  Tertiaries 
of  North  America,  of  which  the  family  position  cannot  yet  be  de- 
termmed.  The  Eocene  forms  have  been  named  Tinosauriis  and 
Thinosaunis,  and  those  from  the  Miocene  AcipHon,  Platyrhachis 
and  Cremastosaurus.  Notosaurus,  from  the  Tertiary  of  Brazil,  has 
amphiccelous  vertebra,  and  may  be  a  Rhynchocephalian. 

Family  Agamid^.— The  Agamoid  Lizards  constitute  a  large 
tamily,  mamly  characteristic  of  Asia,  but  also  occurring  in  Europe 
Atrica,  Australia,  and  Polynesia.  The  supratemporal  fossa  is  not 
rooted  over;  the  dentition  is  acrodont;  and  the  premaxillse  are 
separate  Specmiens  referred  to  the  type  genus  Agama  have  been 
obtamed  from  the  Upper  Eocene  Phosphorites  of  Central  France  • 
While  the  Pleistocene  of  Australia  has  yielded  a  skull  indistinguish- 
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Fig.  1042 


-Inner  view  of  left  ramus  of  the  mandible  of 
Iguana. 


Fig.  1043.  —  Vertebra  of  Iguana 
europaa,  viewed  from  the  haemal,  an- 
terior, and  lateral  aspects  ;  from  the 
Upper  Eocene  of  Hampshire,  zs,  Zy- 
gosphene  ;  c,  Costal  tubercle. 


able  from  that  of  the  existing  Frilled  Lizard  {Chlamydosaurus  Kingi) 
of  the  same  country. 

Family  IcuANiDiE. — The  Iguanoids  are  readily  distinguished  from 

the  Agamidce  by  their 
pleurodont  dentition 
(fig.  1042),  and  the 
presence  of  zygosphen- 
al  articulations  to  their 
vertebrse  (fig.  1043). 
Nearly  all  the  genera 
are  now  confined  to 
the  New  World.  In  the  Upper  Eocene  (Oligocene)  Phosphorites  of 
Central  France  there  occur,  however,  fragments  of  jaws  which  have 

been  referred  to  the  typical  American 
genus  Iguana ;  that  term  being  used 
in  a  wider  sense  than  in  recent  herpet- 
ology.  Vertebrae  also  occur  in  the 
approximately  equivalent  deposits  of 
Hordwell  in  Hampshire  (of  which  one 
is  represented  in  fig.  1043),  which  agree 
in  the  presence  of  small  zygosphenes 
with  those  of  existing  Iguanas,  and 
have  been  provisionally  referred  to  the  French  species.  The  name 
Iguanavus  has  been  applied  to  remains  of  a  member  of  this  family 
from  the  Eocene  of  North  America. 

Family  Anguid^. — The  Anguidce  are  characterised  by  the  pres- 
ence of  scutes  roofing  over  the  supratemporal  fossae ;  by  the  separa- 
tion of  the  premaxillse  and  the  nasals ;  the  more  or  less  completely 
pleurodont  dentition ;  and  the  presence  of  dermal  scutes  covered 
with  minute  tubercles.  The  genus  Ophisaurus  {Pseudopus),  in  which 
the  limbs  are  either  wanting  or  are  reduced  to  rudiments  of  the  pelvic 
pair,  is  represented  in  the  Middle  Miocene  of  Gers,  in  France,  and 
the  Lower  Miocene  of  Rott,  near  Bonn  ;  some  of  the  species  having 
been  originally  described  under  the  name  of  Anguis.  Propseiidopus, 
from  the  Middle  Miocene  of  Steinheim,  in  Bavaria,  is  distinguished 
from  Ophisaurus  by  its  stronger  dentition  and  the  presence  of  a 
double  row  of  teeth  on  the  vomer.  The  genus  Peltosaurus  and  the 
allied  Exostinus,  of  the  Miocene  of  North  America,  may  be  mcluded 
in  this  family ;  to  which  we  may  also  refer  several  European  and 
American  Upper  Eocene  genera  which  have  been  regarded  as  con- 
stituting a  distinct  family  under  the  names  of  Placosaundce  :,nd. 
Glyptosauridce.  Among  these  Placosaurus  {Palceavaranus),  from 
the  Upper  Eocene  of  France  and  England,  has  teeth  resembhng 
those  of  the  Slow-worm  {Anguis),  which  were  originally  regarded  as 
belonging  to  a  Varanoid ;  the  vertebrae  (fig.  1044)  are  not  unlike 
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those  of  the  existing  Diploglossus,  and  the  limbs  were  well  de- 
veloped. Another  Anguoid,  with  blunt  cylindrical  teeth,  from  the 
Quercy  Phosphorites,  was  originally  referred  to  the  Scincoid  genus 
Eumeces  {Plestiodon),  but  its  generic  position  must  for  the  present 
remain  undecided.  In  North 
America  we  have  Glyptosau- 
rus,  from  the  Bridger  Eocene 
of  Wyoming,  in  which  the 
vertebrae  have  rudimental 
zygosphenes ;   the  large  Sa- 

niva,    of    which    the    dermal  Fig.  1044— Vertebra  of /'/a^<,.««r»«  «m^^<xr:VA 

SCUteS     are     unknown  ■     and  "P"'  viewed  from  the  haemal,  anterior,  and  lateral 

'  aspects;  from  the  Upper  Eocene  Phosphorites  of 

the  apparently  allied  XestOpS  Central  France,    c,  Costal  tubercle. 

{Oreosaurus).    The  vertebrae 

of  these  genera,  like  those  of  existing  Anguida,  present  a  strong 
resemblance  to  those  of  the  next  family,  as  may  be  seen  by  com- 
paring fig.  1044  with  fig.  1045. 

Family  Varanid^. — The  Monitors  include  the  largest  known 
Lizards ;  one  of  the  fossil  species  attaining  a  gigantic  size.  They 
are  confined  to  the  Old  World  and  Australia ;  and  appear  to  be 
unknown  before  the  Pliocene.  The  skull  has  no  postorbital  bar ; 
the  supratemporal  fossae  are  not  roofed  over  by  bony  scutes ;  and 
both  the  premaxillae  and  the  nasals  are  united.  The  dentition  is 
pleurodont ;  and  the  teeth  are  large  and  pointed,  and  confined  to 
the  jaws.  The  vertebrae  are  characterised  by  their  broad  and  flat 
centra  (fig.  1045);  and  dermal  scutes  are  wanting.  All  the  known 
forms  may  be  included  in  the  single  genus  Varatius. 

In  existing  fonns  the  dorsal  vertebras  are  elongated,  and  have  broad 
neural  spines  ;  and  the  largest  species  attains  a  length  of  seven  feet.  In 
a  fossil  state  this  group  is  represented 
by  remains  from  the  Pleistocene  of  Ma- 
dras apparently  referable  to  the  living 
V.  bengaleftsis.  Other  vertebrae,  again, 
found  in  the  corresponding  cave-de- 
posits of  Queensland,  not  improbably 
belong  to  one  or  more  of  the  species 
still  inhabiting  that  region.  In  a 
second  and  extinct  group  the  dorsal 
vertebras  are  relatively  shorter  and 
wider,  and  have  narrower  neural  spines  ; 
the  two  known  species  being  of  very 
large  size.  The  smaller  of  the  two  is 
y.  sivalensis,  from  the  Pliocene  of  the 
t>iwalik  Hills  of  India,  of  which  a  dor- 
sal vertebra  is  shown  in  fig.  1045.  Another  vertebra  is,  however,  larger 
man  the  figured  specimen  ;  and  the  total  length  of  the  animal  was  prob- 
cl7ru  \         ^T^^^  "^^""^^  dimensions  were,  however,  greatly  ex- 

i-eeaecl  by  the  huge  V.  priscics,  of  the  Pleistocene  of  Australia,  in  which 


Fig.  1045. — Haimal  aspect  of  a  dorsal 
vertebra  of  Vnranus  sivalensis  ;  from  the 
Pliocene  of  the  Siwalik  Hills. 


1 142 


CLASS  REPTILIA. 


the  vertebras  are  three  times  the  size  of  those  of  V.  siva/ensis,  and  the 
total  length  did  not  probably  fall  short  of  thirty  feet.  This  species  was 
originally  described  by  Sir  R.  Owen  under  the  name  oi  Megalania  ;  cer- 
tain remains  which  were  referred  to  it  having  subsequently  proved  to 
be  Chelonian.  An  imperfectly  known  species,  from  the  Lower  Pliocene 
of  Attica,  may  perhaps  belong  to  the  former  group. 

It  may  be  well  to  mention  here  that  Sir  R.  Owen  has  described 
two  peculiar  blunt  and  pleurodont  teeth  of  a  large  lizard  from  the 
Pleistocene  of  Queensland  under  the  name  of  Notiosaurus,  which 
is,  however,  preoccupied  by  the  genus  Notosaurus  (p.  1139).  It  is 
just  possible  that  these  teeth  may  be  referable  to  Varanus  prisms, 
in  which  event  the  generic  term  Megalania  would  have  to  be  re- 
tained for  that  form. 

Family  TEiiDyE. — In  this  family,  which  is  confined  to  America, 
the  supratemporal  fossae  of  the  skull  are  not  roofed  over,  the  denti- 
tion is  pleurodont  or  subacrodont ;  the  teeth,  although  variable  in 
form,  are  always  solid  at  the  base ;  and  there  are  no  dermal  scutes. 
An  existing  species  of  Tupinambis  is  represented  in  the  Pleistocene 
cave-deposits  of  Brazil. 

Family  LACERXiDiE. — In  the  Lacertidcz  the  supratemporal  fossae 
are  roofed  over  by  bone ;  the  premaxillse  are  united ;  the  dentition 
is  pleurodont,  the  bases  of  the  teeth  being  hollow  ;  and  there  are  no 
dermal  scutes.  All  the  genera  belong  to  the  Old  World.  Remains 
of  the  existing  Lacerta  ocellata  occur  in  the  Pleistocene  of  France, 
and  extinct  species  referred  to  the  same  genus  have  been  described 
from  the  Miocene  and  the  Upper  Eocene  Phosphorites  of  the  same 
country. 

Family  Scincid^. — The  Scincoid  Lizards  form  a  large  cosmo- 
politan family,  characterised  by  the  bony  scutes  roofing  over  the 
supratemporal  fossae ;  the  separate  or  imperfectly  united  premaxillae ; 
the  pleurodont  dentition  ;  and  the  presence  of  dermal  scutes.  Dra- 
ccenosaunis,  of  the  Lower  Miocene  of  France,  is  an  extinct  genus 
with  molariform  teeth,  probably  allied  to  the  existing  Scinciis  (fig. 
1 041)  or  Chalcides. 

Suborder  2.  Rhiptoglossa. — The  Chamekontidce,  or  Chame- 
leons, differ  from  the  Lacertilia  in  that  the  nasals  do  not  enter  into 
the  borders  of  the  nares  ;  the  pterygoid  does  not  articulate  with  the 
quadrate  :  and,  although  limbs  are  present,  there  are  no  clavicles  or 
interclavicle.  The  dentition  is  acrodont.  All  the  existing  forms 
are  Old  World ;  but  Dr  Leidy  has  described  part  of  a  mandible 
from  the  Upper  (Bridger)  Eocene  of  Wyoming,  which  he  refers  to 
the  type  genus  Chavieleon.  .  .    „  r  a 

■  Suborder  3.  Dolichosauria.— This  group  was  originally  formed 
for  the  reception  of  the  genus  DolicJwsaurus,  from  the  English 
Chalk  •  which  is  a  small  snake-like  Lizard,  with  more  than  nine 
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vertebrte  in  the  neck,  and  well-developed  limbs.  The  vertebrae 
have  zygosphenal  articulations.  Acteosaurus,  from  the  Cretaceous 
of  Austria,  is  an  allied  form. 

Suborder  4.  Pythonomorpha. — The  Mosasauroids  are  car- 
nivorous marine  Reptiles,  frequently  of  large  dimensions,  and 
ranging  in  time  from  the  Upper  Greensand  to  the  topmost  Creta- 
ceous, with  a  cosmopolitan  distribution.    The  body  is  much  elon- 
gated.   The  skull  (fig.  1047)  presents  a  strong  resemblance  to  that 
of  the  Varanidce  among  the  Lacertilia,  and  has  the  nasals  and  pre- 
maxillse  welded  together,  the  quadrates 
very  loosely  articulated,  teeth  on  the 
pterygoids  as  well  as  in  the  jaws,  and  5 
frequently  ossifications  in  the  sclerotic         F  ^^bfJlF^ * 
of  the  eye.     The  teeth  are  large  and  ^'^"^^^ 
sharp,  and   anchylosed   by  expanded  ^!  [1 

bases  to  the  summits   of  the  jaws.  H"-;^  c 

There  may  be  zygosphenal  articulations  f^^T^ 
to  the  vertebrae,  and  the  cervical  region  \%: 
may  include  more  than  nine  vertebrse. 
The  clavicles  are  always,  and  the  inter-  f> 
clavicle  and  sacrum  generally,  wanting  ;  ^ ^(?^  YS 
but  Professor  Marsh  figures  a  sternum  f)  «^  U  Q  a 

in  one  genus.    The  limbs  are  modified         ^  JI  9  \i  \ 
into  paddles  (fig.  1046),  with  no  claws  to        /    /f    ^    ^  \ 
the  terminal  phalangeals,  and  no  fora-       /    ^    (?    S  ' 
men  to  the  humerus.    The  development  9      I  I 

of  the  pelvis  is,  moreover,  but  imperfect,  11  ^ 

and  at  least  the  majority  of  forms  appear  !       ^  *i 

to  have  been  devoid  of  dermal  scutes,  ^  f 

although  Professor  Marsh  has  recorded 

their  presence  in  one  genus.  or^p'^^^f;^^;'^^'':^^^^ 
Family  Plioplatycarpid^.  -  The  twdfth^LS'siz^^rscap^uL^: 

least  specialised  form  seems  to  be  the         Coracoid;  c,  Humerus;  rf,  Ra- 

genus  Plioplatycarpus,  of  the  Upper  Cre-        '    """"  ^^'"^  ""^^^''^ 
taceous  of  Holland,  in  which  both  an  interclavicle  and  a  sacrum 
are  present;  on  which  account  its  describer,  M.  Dollo,  regards  it 
as  the  type  of  a  distinct  family. 

thJ^T^^"'^'"''''''''^— '^^^  ^hole  of  the  remaining  genera  of 
the  suborder  may  be  included  in  this  family.  One  of  the  well- 
known  genera  ,s  Clidastes  (from  which  Edestosaurus  is  regarded 
AmtTr-f '°^u  inseparable),  from  the  Cretaceous  of  North 

bv  the  p;.  genus  comprises  numerous  species,  characterised 

siL  Tn  ,  n"^u''°"  °^  '^^^y-  '-^"d  their  small  or  medium 
comin,    1  ^  l""^^  "-^^  ^"  the  next  genus  (fig.  1047)  are 

continued  to  the  extremity  of  the  premaxilll;  the  vertebrL^  ale 
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long,  and  have  zygosphenal  articulations ;  the  humerus  is  short ; 
and  the  chevrons  are  anchylosed  to  the  centra.  Sironectes  is  an 
allied  genus  from  the  same  deposits,  in  which  the  chevrons  are  not 
anchylosed  to  the  vertebrse.  Platycarpus^  (^Lestosaurus,  Taniwha- 
saurtis),  which  is  found  in  the  Cretaceous  of  North  America,  New 
Zealand,  and  perhaps  Europe,  differs  from  both  the  preceding 


Fig  1047.— Frontal  aspect  ot  the  cranium  of  Platycarfitis  curtirostris ;  from  the  Upper  Cre- 
taceous of  North  America.  Greatly  reduced,  pmx,  Premaxilla  ;  7nx,  Maxilla  ;  /r.  Frontal ; 
/>r/,  Prefrontal.    (After  Cope.) 

genera  by  the  absence  of  zygosphenes ;  the  chevrons  being  free 
and  the  humerus  (fig.  1046)  short  and  broad.     With  the  genus 
Liodon,  in  which  Professor  Cope  includes   Tylosauriis  {Rhino- 
saurus)  of  Professor  Marsh,  we  come  upon  forms  attaining  gigantic 
dimensions,  in  which  the  body  is  proportionately  shorter  than 
in   the  above-mentioned  genera,  and  the  vertebrae  are  always 
without  zygosphenes.    In  Liodon  itself  the  extremity  of  the  pre- 
maxillEe  is  devoid  of  teeth,  and  forms  a  cylindrical  rostrum ;  the 
teeth  are  smooth  and  more  or  less  laterally  compressed ;  the  hu- 
merus is  long ;  and  the  chevrons  are  free.    It  occurs  in  the  Creta- 
ceous of  Europe,  North  America,  and  New  Zealand.  Hainosaurus, 
again  of  the  Upper  Chalk  of  Mons,  agrees  with  Liodon  in  its  eden- 
tulous rostrum  and  free  chevrons,  but  has  teeth  of  three  types 
Some  of  the  teeth  are  subcylindrical,  and  others  compressed,  with 
serrated  cutting  edges  like  those  of  Megalosaurus.    The  total  length 
of  this  huge  Reptile  is  estimated  at  about  40  feet.    The  typical 
genus  Mosamurus  is  definitely  known  from  the  topmost  Cretaceous 
of  Maastricht  in  Holland,  and  the  Cretaceous  of  North  America; 
■the  tvpe  species  from  Maastricht  having  been  made  known  to 
science  in  the  last  century.    It  is  characterised  by  the  premaxiU® 
being  toothed  to  their  extremity;  by  the.  teeth  having  their  crowns 
faceted  and  more  or  less  compressed;  as  well  as  by  the  greater 
number  of  the  chevrons  being  anchylosed  to  the  vertebrae.    1  he 
fine  skull  of  M.  Camperi  represented  in  the  accompanying  woodcut 
was  obtained  from  Maastricht  previously  to  1785,  and  is  preserved 
1  Amended  from  Platecarpus. 
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in  the  Paris  Museum.  This  species  is  estimated  to  have  attained  a 
length  of  25  feet.  Closely  allied  to  Mosasaurus  is  Pterycollasaurus, 
which  is,  however,  readily  distinguished  by  the  complete  union  of 
the  pterygoids  in  the  middle  line — a  feature  unknown  elsewhere 


Fig.  1048.— -The  imperfect  skull  of  Mosasaurus  Camieri:  trom  the  Uooer  CretareoiK!  of 
Maastncht.    Much  reduced.    The  displaced  bone  in  the  left  bottom  corner  is^fhe  left  Moid 
the  corresponding  bone  of  the  opposite  side  being  in  its  natural  position  above.  P'^O'goia, 

in  the  whole  order.  The  only  known  species  is  P.  Maximiliani, 
of  the  Cretaceous  of  Brazil.  Finally,  the  genus  Baptosauriis,  of  the 
Cretaceous  of  North  America,  is  distinguished  from  all  other  genera 
by  the  complete  union  of  the  haemal  spines  of  the  cervical  vertebrse 


pmx ... 


pt 


^^temalt>  '  FrontaP^'^rPp''  ^}^^  °!       '"i,""  °''  f'"^^  Premaxilla ;  ««,  Nasal  • 

Q-<^^^'e;,,V^:;,|™^t/^^^ntal;^^^ 

opmem\rn^'eL/v'  ^osasaurs  attained  their  maximum  devel- 
Pment  at  a  time  when  the  Ichthyosaurs  were  on  their  decline. 
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The  very  imperfectly  known  Cetarthrosaurus,  of  the  Cambridge 
Greensand,  which  Mr  Hulke  refers  to  this  order,  is  noticed  among 
the  Ichthyopterygia. 

Suborder  5.  Ophidia. — The  Serpents  and  Snakes  constituting  the 
last  division  of  the  Squamata  present  the  following  distinctive  fea- 
tures :  The  body  is  greatly  elongated  (fig.  1051,  bis),  and  the  vertebral 
column  divisible  only  into  a  trunk  and  a  caudal  region.  The  alis- 
phenoidal  region  of  the  skull  is  fully  ossified ;  there  is  no  temporal 
arcade,  parietal  foramen,  or  columella ;  the  quadrate  and  the  bones 
of  the  palatal  and  maxillary  regions  are  loosely  attached  to  the  skull 
(fig.  1049);  the  premaxillae  are  more  or  less  aborted  and  usually 
edentulous ;  and  the  two  rami  of  the  mandible  are  connected  only 
by  ligament.  The  vertebrae  (fig.  1050)  have  zygosphenes  ;  but  there 
is  no  sacrum,  and  chevrons  are  also  wanting.  There  is,  moreover, 
no  sternum,  nor  any  trace  of  the  pectoral  girdle  or  limbs ;  but  in 

some  cases  there  are  rudiments 
of  the  pelvic  girdle  and  limbs. 
Dermal  scutes  are  invariably 
wanting.  This  suborder  is  di- 
vided into  three  sections ;  but 
since  its  palseontological  history 
is  but  imperfectly  known,  only 
Fig.  1050.— Posterior  (a)  and  haemal  (b)  views  very  brief  mention  wiU  bc  made 
l^^{^S:o:::T':i\^^'''''"  of  those  famines  represented  in 

a  fossil  state.  With  the  excep- 
tion of  an  imperfectly  known  form  from  the  Chalk,  described  under 
the  name  of  Cimoliophis,  all  the  known  fossil  forms  are  of  Tertiary 
or  Post-tertiary  age.  The  next  earliest  genus  is  Helagrus,  of  the 
Lowest  (Puerco)  Eocene  of  North  America,  in  which  the  imperfect 
development  of  the  zygantrum  of  the  vertebrae  indicates  very  gener- 
alised affinities.  ... 

Family  Colubrid^.— The  first  existing  family  of  the  section 
Colubriformes,  or  Innocuous  Snakes,  contains  the  great  bulk  of  the 
suborder ;  and,  with  the  exception  of  Australia,  is  represented  m 
nearly  all  temperate  and  warm  regions.  The  Indian  genus  Ftyas 
is  probably  represented  in  the  Pleistocene  of  Madras  by  the  existing 
F  mucosus  In  the  Middle  Miocene  of  France  we  have  the  extinct 
Pilemophis  closely  related  to  the  modern  Tropidonotus,  or  common 
English  Snake;  while  the  existing  genus  Elaphts  occnrs  in  the 
Upper  and  Lower  Miocene  of  various  parts  of  the  Continent  A 
species  of  Feriops  closely  allied  to  one  now  living  in  Egypt  occurs 
in  the  Pleistocene  of  Coudes,  in  the  south  of  France ;  and 
nophis,  from  the  Middle  Miocene  of  the  latter  country,  is  said  to  be 

^"famTlv^P™  Pytl^ons,  or  Rock  Snakes,  are  now 
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confined  to  Africa,  Asia,  or  Australia ;  and,  with  the  next  family, 
include  the  largest  existing  representatives  of  the  suborder.  They 
have  teeth  in  the  premaxilla ;  and  all  of  them  are  good  swimmers. 
Remains  of  the  existing  Indian  Python  jtiolurus  (fig.  1050)  are 
found  in  the  Pleistocene  of  Madras ;  and  not  improbably  also  in 
the  Phocene  of  the  Punjab ;  while  in  the  Pleistocene  of  Australia 
occur  vertebrae  probably  referable  either  to  Narboa  or  Liasis,  which 
now  inhabit  that  continent.  From  the  Upper  Eocene  (Lower  Oligo- 
cene)  freshwater  deposits  of  Hampshire,  and  the  equivalent  Phos- 
phorites of  Central  France,  we  have  the  genus  Paleryx  {Falceo- 
python),  which  is  apparently  nearly  related  to  Python.  Finally, 
Scytalophis,  from  the  Quercy  Phosphorites,  is  said  to  connect  the 
Pytho7iid(z  with  the  Tortricidcz. 

Family  Boid^. — The  Boas  are  at  the  present  day  confined  to 
the  New  World,  and  differ  from  the  Pythonidce.  by  the  absence  of 
premaxillary  teeth  (fig.  1049).  The  genera  Boavus,  Ltthophts,  and 
Lestophis  (Limnophis),  of  the  Upper  Eocene  of  North  America,  are 
probably  referable  to  this  family.  Protagrus,  from  the  same  de- 
posits, may  also  be  provisionally  included  in  this  family ;  to  which 
it  has  been  suggested  that  Botrophis,  of  the  French  Miocene,  may 
likewise  belong. 

Family  Erycid^. — The  members  of  this  family  are  small  Snakes 
allied  to  the  BoidcB,  but  having  a  much  shorter  and  non-prehensile 
tail.  Scaptophis,  of  the  Middle  Miocene  of  France,  is  regarded  as 
allied  to  the  existing  African  Eryx  ;  while  in  the  Miocene  of  North 
America  we  have  Aphelophis,  Calamagrus,  and  Ogmophis,  all  of 
which  appear  to  be  more  or  less  closely  related  to  the  genus 
Charina  now  inhabiting  the  same  regions. 

Family  Pal^ophid^. — Here  we  may  provisionally  place  the 
family  formed  for  the  reception  of  the  extinct  genus  Palceophis, 
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tebrse  (fig.  105 1)  differ  from  those  of  the  Pythonidcz  (fig.  1050)  by 
their  much  taller  neural  spines,  the  lower  position  of  the  costal 
articular  surfaces,  the  less  divergence  of  the  zygapophyses,  and  by 
the  stronger  development  of  the  heemal  ridge  on  the  inferior  aspect 
of  the  centrum,  which  often  carries  well-marked  processes  at  its 
two  extremities.  The  type  genus  Palceophis  is  represented  by  three 
English  species,  of  which  the  largest  is  estimated  to  have  attained 
a  length  of  20  feet.  In  the  Eocene  of  North  America  we  have 
closely  allied  forms  reaching  to  a  length  of  30  feet,  which  are  re- 
ferred by  Professor  Marsh  to  a  distinct  genus  under  the  name  of 
Titanophis  {Dinophis),  but  which  Professor  Cope  regards  as  indis- 
tinguishable from  Palaophis.  By  Sir  R.  Owen  these  snakes  are 
regarded  as  allied  to  the  existing  marine  Sea-snakes  or  Hydrophida. 

Family  ElapidjE.  —  The  first  existing  family  of  the  section 
Colubriformes  Venenosi  includes  the  Cobras  {Naia,  fig.  105 1,  bis) 
and  Coral-snakes  {Elaps).  The  former  genus  probably  occurs  in 
the  Pleistocene  of  Madras  ;  and  perhaps  also  in  the  Middle  Miocene 
of  Steinheim,  in  Bavaria. 

Family  Viperid^. — The  present  and  following  families  consti- 
tute the  section  Viperiformes  ;  characterised,  among  other  features, 
by  the  perfect  development  of  the  poison-apparatus.  A  snake  from 
the  Upper  Miocene  of  Switzerland  has  been  referred  by  M.  Roche- 
brune  to  the  existing  genus  Bitis  {Echidna) ;  having  been  originally 
described  under  the  name  of  Coluber  Kargi. 

Family  Crotalid^. — The  Pit-Vipers  and  Rattlesnakes  are  con- 
fined at  the  present  day  to  Asia  and  America.  The  genus  Neuro- 
drotiiicius,  from  the  Miocene  of  North  America,  is  provisionally 
referred  by  Professor  Cope  to  this  family;  while  Laophis,  from 
the  Tertiary  of  Salonica,  has  also  been  regarded  as  a  member  of 
the  same  group. 

Ordinal  Position  Uncertain. — It  will  be  convenient  to  men- 
tion here  two  imperfectly  known  genera  from  the  English  Purbeck, 
of  which  the  ordinal  position  cannot  at  present  be  determined. 
They  were  regarded  by  Sir  R.  Owen  as  belonging  to  the  Lacertiha, 
but  their  teeth  are  much  more  of  a  Dinosaurian  type.  The  first 
genus,  Nythetes  {Nuthetes),  is  represented  by  a  species  of  the  size  of 
some  of  the  existing  Varanidce,  but  has  teeth  closely  resembhng  those 
of  the  Megalosauridce,  although  it  is  said  that  they  were  not  implanted 
in  distinct  sockets,  and  were  anchylosed  to  the  bone.  The  second 
eenus,  Echinodon,  is  a  smaller  form,  in  which  the  teeth  present  a 
striking  resemblance  to  the  much  larger  ones  of  the  Dinosaurian 
Z^nMS  Scelidosaurus;  they  were  implanted  in  imperfect  sockets. 

Here  also  may  be  mentioned  the  remarkable  genus  Atoposauri^s 
from  the  Kimeridgian  lithographic  limestones  of  Bavaria  whicn 
includes  two  species  of  small  Lizard-like  Reptiles,  presenting  the 
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following  peculiar  features.  The  manus  seems  to  be  of  a  Rhyn- 
chocephalian  type ;  but  the  pes  has  only  four  digits,  in  which  the 
phalangeals  number  2,  3,  4,  4,  or  the  same  as  in  the  Crocodilia. 
The  proximal  bones  of  the  carpus  are  also  elongated,  as  in  that 
order ;  and  the  radius  and  ulna  in  the  pectoral,  and  the  tibia  and 
fibula  in  the  pelvic  limb,  are  respectively  in  close  apposition.  The 
mandibular  symphysis  is  long ;  and  the  dentition  is  said  to  resemble 
that  of  the  Geckonidce  among  the  Lacertilia.  The  above  characters 
point  to  a  curious  blending  of  Squamatine  and  Crocodilian  features. 


Fig.  1051,  a/j.— The  African  Cobra  {Naia  haje).  Reduceil. 
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CHAPTER  LV. 

CLASS  REPTILIA — continued. 

Orders  Dinosauria,  Crocodilia,  and  Ornithosauria. 

Archosaurian   Branch.  —  The  three  orders   constituting  this 
branch  comprise  the  most  highly  developed  of  all  Reptiles,  and 
those  which  make  the  nearest  approach  in  their  organisation  to 
the  Avian  type.    They  also  include  the  largest  forms  yet  known, 
not  only  among  Reptiles,  but  also  among  all  Vertebrates  adapted 
for  a  life  on  land.    The  following  features  are  common  to  the 
entire  branch.    The  teeth-  are  very  generally  implanted  in  distinct 
sockets ;  are  never  anchylosed  to  the  bones  of  the  jaws ;  and  are 
exclusively  confined  to  the  premaxilla,  maxilla,  and  dentary  bones. 
Both  the  pectoral  and  pelvic  limbs  are  always  well  developed ;  the 
cranium  has  no  parietal  foramen,  but  is  furnished  with  both  a 
superior  and  an  inferior  temporal  arcade  (as  is  shown  in  the  figure 
of  the  Crocodilian  skull  on  p.  1181);  the  quadrate  is  firmly  fixed 
among  the  adjacent  bones ;  and  there  is  frequently  no  columella. 
The  anterior  ribs  have  a  distinct  capitulum  and  tuberculum ;  the 
dorsal  vertebrse  carry  long  transverse  processes,  which  may  be 
placed  entirely  on  the  arch ;  and  there  may  be  more  than  two  ver- 
tebrse in  the  sacrum.    There  is  never  a  T-shaped  interclavicle,  and 
the  only  indication  of  the  precoracoid  is  afforded  by  the  fontanelle 
in  the  coracoid,  which  indicates  its  original  duality.    The  humerus 
has  no  foramen,  but  an  ectepicondylar  groove  may  occur.  The 
proximal  row  of  the  tarsus  comprises  two  bones,  representmg  the 
astragalus  and  calcaneum.    Abdominal  ribs  are  generally  present. 
The  number  of  phalangeals  in  the  limbs  approximates  more  or  less 
closely  to  that  obtaining  in  the  Streptostylic  branch  although  m 
some  cases  there  is  a  reduction.    The  lateral  surface  of  the  mandi- 
bular ramus  may  have  a  vacuity.    As  a  rule  the  centrum  of  the 
atlas  vertebra  forms  an  odontoid  process  more  or  less  closely  at- 
tached to  the  centrum  of  the  axis ;  the  arch  of  the  former  being 
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supported  by  the  crescent-shaped  first  intercentrum.  Generally  the 
second  intercentrum,  like  that  of  Birds,  was  likewise  fused  with 
the  centrum  of  the  axis ;  but  in  one  Dinosaur  (?  Megalosaurus) 
this  element  exists  as  a  distinct  wedge-like  bone. 

In  the  pelvis  the  pubis  and  ischium  never  form  the  broad  and 
flattened  plates  found  in  the  Synaptosaurian  branch,  and  they  fre- 
quently assume  a  more  or  less  rod-like  form  with  expanded  ex- 
tremities (fig.  1073).  The  ilium  {ibid.)  frequently  presents  an 
expanded  form ;  and  the  obturator  notch  is  never  converted  into 
a  foramen. 

Order  VIII.  Dinosauria. — The  Dinosaurs  comprise  the  largest 
land  Reptiles ;  and  while  some  of  them  approximate  closely  to  the 
type  of  structure  obtaining  in  Birds,  others  come  so  near  to  the 
more  generalised  Crocodilians  that  it  is  almost  impossible  to  give 
any  definition  of  the  order  that  will  separate  it  from  the  latter.  It 
is,  indeed,  probable  that  in  the  Lower  Trias  there  lived  the  common 
ancestors  of  the  two  orders,  and  the  forms  from  the  upper  division 
of  the  same  period  indicate  not  only  the  close  connection  between 
these  two  groups,  but  also  show  some  signs  of  affinity  with  the 
Rhynchocephalia. 

It  has  recently  been  proposed  to  divide  the  Dinosauria  into  two 
orders,  from  the  structure  of  the  pelvis,  for  which  the  names  Or- 
nithischia  and  Saurischia  have  been  proposed.    If,  however,  this 
view  be  eventually  accepted,  it  would  be  advisable  to  adopt  the 
name  Ornithopoda  for  the  first  division,  and  to  restrict  the  term 
Dmosauna  to  the  second,  which  would  include  the  two  groups  here 
termed  Theropoda  and  Sauropoda.    In  regard  to  the  names  of  the 
suborders,  it  should  be  mentioned  that  Professor  Cope  first  proposed 
the  names  Orthopoda  and  Goniopoda  for  the  groups  here  termed 
Urnithopoda  and  Theropoda,  on  the  ground  that  the  relations  of 
the  tibia  and  fibula  were  essentially  different  in  the  two.  According 
however,  to  Professor  Huxley,  this  alleged  difference  does  not  exist, 
and  these  names  are  therefore  rejected  by  him. 
_  This  order  is  entirely  extinct,  and  may  be  regarded  as  character- 
istic ot  the  Mesozoic  period;  since  it  ranges  from  the  Trias  to  the 
uppermost  Cretaceous  of  Maastricht,  and  the  Laramie  beds  of  the 
united  btates,  and  appears  to  have  attained  its  maximum  develop- 
ment in  the  Jurassic  and  Wealden.    In  space  this  order  was  widely 
distributed  over  Europe  and  North  America;  and  it  has  also  been 
met  with  in  India  and  Africa. 

Dinosaurs  vary  exceedingly  in  the  contour  of  the  body  and  limbs  : 
wnich  m  some  instances  were  more  or  less  of  a  crocodilian  type,  but 

eah  r^K  ^""y  "'^'■'''^^y  t°  the  avian  structure;  the  latter 

eature  being  most  marked  in  the  pelvis  and  hind  limbs.  The  hind 
'>mbs  were  either  moderately  or  excessively  long;  while  the  body 
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was  sometimes  defended  by  a  bony  dermal  armour,  which  may 
carry  long  spines,  but  apparently  was  never  composed  of  imbricating 
pitted  scutes.  The  centra  of  the  vertebrae  are  very  generally  amphi- 
coelous ;  but  are  not  unfrequently  opisthocoelous  in  the  cervical,  and 
more  rarely  in  the  anterior  dorsal  region ;  and  occasionally  some  of 
the  caudals  are  procoelous.  The  neuro-central  suture  was  usually 
persistent  till  an  advanced  period  of  life.  As  a  general  rule  the 
sacrum  includes  from  three  to  six  vertebrae,  but  occasionally  the 
number  is  reduced  to  two.  The  cervical  ribs  are  not  produced  into 
spines  directed  antero-posteriorly ;  and  there  are  no  uncinate  pro- 
cesses to  the  ribs.  The  rib-facets  of  the  middle  dorsal  vertebrae 
may  either  form  a  "  step  "  on  the  transverse  process,  as  in  the  Cro- 
codilia,  or  may  be  placed  on  the  lamina  of  the  arch.  The  skull  has 
many  features  of  that  of  the  earlier  Crocodilia,  but  also  seems  to 
approximate  in  some  cases  to  the  Rhynchocephalian  type.  The  pre- 
maxillae  were  but  rarely  fused  together ;  and  the  union  of  the  man- 
dibular rami  in  the  symphysis  is  cartilaginous.  The  teeth  are  gen- 
erally more  or  less  laterally  compressed,  frequently  having  serrated 
edges,  and  may  be  of  complex  structure ;  they  were  not  always 
implanted  in  distinct  sockets.  The  sternal  region  is  imperfectly 
known,  but  it  frequently  comprised  two  paired  bones,  which  may 
represent  parts  of  the  sternum.  The  limb  bones  may  be  either 
solid  or  furnished  with  a  medullary  cavity.  The  coracoid  has  a 
fontanelle,  and  is  always  short  and  rounded.  In  the  pelvis  (fig. 
1060)  the  ilium  has  both  the  pubic  and  preacetabular  processes 
well  developed,  the  latter  being  in  some  cases  greatly  elongated; 
the  pubis  always  takes  a  share  in  the  formation  of  the  acetabulum 
(of  which  the  inner  wall  is  unossified),  and  may  be  directed  either 
forwards  or  backwards.  The  femur  may  have  its  head  placed  either 
obliquely  (as  in  the  Crocodilia)  or  at  right  angles  to  the  condyles  ; 
and  may  or  may  not  be  furnished  with  an  inner  trochanter.  The 
tibia,  as  in  Birds,  had  a  cnemial  crest ;  and  the  astragalus  was  fre- 
quently flattened,  and  more  or  less  closely  applied  to  the  lower  end 
of  the  tibia. 

Suborder  i.  Ornithopoda. — This  suborder  is  taken  to  include 
the  Stegosauria  of  Professor  Marsh,  and  embraces  the  most  special- 
ised forms.  In  the  skull  (figs.  1059,  1062)  the  anterior  part  of  the 
premaxilla  is  devoid  of  teeth;  there  is  no  preorbital  vacuity;  the 
nares  are  placed  at  the  extremity  of  the  skull ;  and  the  teeth  are 
more  or  less  complex,  and  are  frequently  not  set  in  distinct  sockets. 
The  vertebrae  are  solid  throughout.  The  pectoral  limb  is  consider- 
ably shorter  than  the  pelvic ;  the  limb  bones  may  be  either  solid 
or  hollow.  The  ilium  generally  has  its  preacetabular  process  much 
elongated  (fig.  1060),  although  this  is  not  the  case  in  the  type  of 
Camptosaurus  (fig.  1052),  the  ischium  has  an  obturator  process; 
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but  the  most  striking  and  remarkable  feature  m  the  group,  and  one 
in  which  it  differs  from  all  others  except  Birds,  is  that  the  shaft  ot 
the  pubis  is  directed  backwards  more  or  less  nearly  parallel  with  the 
ischium  while  a  shorter  and  thicker  portion  in  advance  of  the 
acetabulum  projects  forwards.  How  remarkably  this  pelvic  struc- 
ture approximates  to  that  of  Birds  may  be  seen  by  comparing  figs. 
1052  and  1060  with  that  of  the  pelvis  of  a  Ratite  Bird  given  in  the 
sequel.  Thus  the  large  preacetabular  process  of  the  pubis  of  the 
Dinosaur  corresponds  with  the  much  smaller  but  similarly  situated 


Fig.  1052.— The  left  side  of  the  pelvis  oi  Cnmptosaurus  dispar;  from  the  Upper  Jurassic  of 
North  America.  One-twelfth  natural  size.  The  upper  bone  i.s  the  ilium,  that  on  the  left  the 
pubis,  and  that  on  the  right  the  ischium.    (After  Marsh.) 


pectineal  process  in  the  pelvis  of  the  Ratite  Birds  (fig.  1107).  In 
some  cases  the  pubis  had  no  median  symphysis.  All  the  more 
specialised  members  of  the  suborder  appear  to  have  walked  habitu- 
ally on  the  hind  limbs  alone.  In  this  and  the  following  suborder 
the  length  of  the  tibia  is  often  nearly  equal  to  that  of  the  femur ; 
and  in  Hysilophodon  and  Compso- 
gnathus  the  former  bone,  as  in 
Birds,  is  the  longer  of  the  two. 

Family  TRACHODONTiDiC.  — 
The  most  specialised,  as  well  as 
one  of  the  most  recent,  families  of 
the  suborder,  seems  to  be  that  typ- 
ically represented  by  the  genus 
Trachodon  {Hadrosanrus).  This  family,  although  closely  related 
to  the  next,  is  distinguished  by  having  the  teeth  arranged  in  a 
number  of  vertical  columns  and  articulating  together  so  as  to 


Fig.  1053.— Tooth  of  Trachodon  Foulki ; 
from  the  Upper  Cretaceous  of  New  Jersey. 
(After  Leidy.) 
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form  a  kind  of  pavement.  The  type  genus,  of  which  a  tooth  is 
shown  in  fig.  1053,  was  first  described  from  the  Upper  Cretaceous 
of  the  United  States,  but  has  been  subsequently  recorded  from  the 

Upper  Greensand  of  Cambridgeshire. 
All  the  dorsal  vertebrae  are  opistho- 
coelous.  Five  other  genera — viz.,  Di- 
clonius,  Cionodon,  Monoclonius,  Dys- 
canus,  and  Agathautnas  —  from  the 
Laramie  beds  of  North  America  pre- 
sent a  similar  type  of  dentition,  and 
have  been  referred  to  the  same 
family ;  the  first  being  probably  iden- 
tical with  Trachodon.  The  Laramie 
beds,  it  should  be  observed,  appear 
to  be  transitional  between  the  Cre- 
taceous and  Eocene  although  refer- 
In  the  so-called  Diclonius  the  skull, 
although  presenting  many  of  the  features  of  that  of  Iguanodon, 
is  much  more  elongated  and  depressed,  and  has  the  edentulous 
premaxilte  produced  in  advance  of  the  large  nares.  Orthomerus, 


Fig.  T054. — Four  lower  teeth  of  Iguan- 
odon in  the  jaw.  Reduced. 


able  to  the  former  epoch. 


Fi.r  lo^^  -Inner  (a)  and  outer  (b)  aspects  of  a  lower  tooth     Iguanodon  bemissartensis ; 
!■  ife.  j.^^^       Wealden  of  Sussex. 

of  the  Upper  Cretaceous  of  Maastricht  in  the  Netherlands,  may 
probably  be  also  referred  to  this  family,  although  it  shows  some 
signs  of  connection  with  the  next.  ....        r  .u.v  rP 

Family  Iguanodontid^.— The  characteristic  features  of  this  re- 
markable family  are  to  be  found  in  the  hollow  limb  bones ;  the 
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slenderness  and  relative  length  of  the  pubis  and  ischium  (figs.  1052, 
1060);  the  avian  characters  of  the  femur,  which  has  a  large  inner 
trochanter;  the  digitigrade  hind-foot,  furnished  with  either  three 
or  four  digits  and  more  or  less  elongated  metatarsals ;  and  the 
short  pectoral  limbs.  The  bones  usually  referred  to  the  sternal 
region  are  typically  hatchet-shaped,  and  have  been  regarded  by 
some  authorities  as  clavicles,  although  it  seems  more  probable  that 
they  are  connected  with  the  xiphisternum.  The  cervical  vertebrse 
were  usually  opisthocoelous ;  and  the  rib-facets  in  the  middle  dorsal 
region  were  placed  on  the  arch.  The  teeth  (figs.  1054,  1055)  were 
arranged  in  a  single  row,  and  are  very  peculiar  and  characteristic. 
Thus  they  have  flattened,  diamond-shaped  crowns,  bearing  strongly- 
marked  serrations  on  the  anterior  and  posterior  borders,  and  one 


'°^^'~MZtT'ZtT^tT'T^:'-  =  f^""       W^^'''^"  Belgium. 

ADout     natural  size.    The  scale  indicates  metres.    (After  DoUo.) 


or  more  vertical  ridges,  some  of  which  may  themselves  be  serrated 
cT^'  ""'P^^'-  mandible,  again,  presents  the  peculiar 

leature  of  having  a  horse-shoe-like  predentary  bone  at  the  extremity 
ot  the  symphysis  (fig.  1059).  This  predentary  ossification  is  devoid 
nelleH  mandibular  symphysis  itself  is  deeply  chan- 

H.l     ,  i  '"^"g^^  the  Middle  Jurassic  to  the  Weal- 

erarlnol  ^"'"P^ '       "^^™bers  generally  showing  a 

gradual  increase  in  size  from  the  lower  to  the  higher  horizons, 
al  V  sunnnT"?  r  °^  preceding  family,  the  Iguanodonts  habitu- 
ing  figure        ^^'"''"^^"^  °"  'he  hind  limbs,  as  in  the  accompany- 
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In  the  imperfectly  known  Sphenospondylus  of  the  English  Wealden, 
the  anterior  dorsal  vertebrae  were  opisthocoelous,  and  all  the  dorsals 
had  very  low  neural  arches.  In  the  type  genus  Iguanodon,  which 
includes  the  largest  forms,  the  skull  (fig.  1059)  is  comparatively 
short,  with  large  and  terminal  nares  and  no  teeth  in  the  premax- 
illa.  In  the  typical  forms,  constituting  the  Euiguanodont  group, 
the  dorsal  vertebrae  (fig.  1058)  are  amphiccelous,  those  in  the 
anterior  part  of  the  series  having  very  tall  neural  arches  and 
compressed  centra;  while  the  sacral  vertebrae  are  anchylosed  to- 
gether, and  have  rounded  inferior,  or  haemal,  surfaces.  In  the 
pelvis  (fig.  1056)  the  ilium  is  shallow,  with  a  sharply  pointed  post- 
acetabular  process ;  while  the  pubis  is  much  shorter  than  the 


of  Iguanodon  bemissartensis  (a),  and  of  Fig.  1058. — Posterior  aspect  of  anterior  dor- 
Camptosaurus  Leedsi  {a).  Reduced  to  same  sal  vertebra  of  Iguanodon  bemissartensis; 
size.  a,  Head ;  b,  Lesser  trochanter ;  c,  from  the  Wealden  of  the  Isle  of  Wight.  One- 
Inner  do. ;  d,  Ectocondyle ;  e,  Entocondyle.  sixth  natural  size.    (After  Seeley.) 


ischium  (which  is  twisted  on  itself),  and  does  not  form  a  symphysis. 
The  femur  (fig.  1057,  a)  is  characterised  by  the  inner  trochanter 
{c)  forming  a  crest  directed  almost  immediately  backwards,  while 
its  shaft  is  nearly  straight.  The  foot  had  only  three  functional 
digits,  of  which  the  metatarsals  were  short  and  thick,  and  the 
phalangeals  broad  and  flat ;  while  in  the  manus  the  one  phalangeal 
of  the  first  digit,  or  poUex,  was  modified  into  a  stout  conical  spine. 
As  in  the  other  members  of  the  family,  the  astragalus,  although  not 
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anchylosed  to  the  tibia,  was  closely  applied  to  its  distal  extremity, 
and  thus  rendered  the  structure  of  the  ankle-joint  (as  in  many 
other  members  of  the  order)  essentially  similar  to  that  of  a  Bird. 

It  may  be  observed  that  the  inner  trochanter  of  the  femur  corresponds 
to  the  small  one  found  in  some  Birds,  which  gives  attachnient  to  the 
femoro-caudal  and  ischio-femoral  muscles,  and  it  is  mterestmg  to  find, 
from  the  observations  of  M.  Dollo,  that  its  form  in  Jguanodon  is  that 
which  agrees  with  the  Avian  type. 

Iguanodon  ranges  from  the  Wealden  to  the  Lower  Greensand, 
and  hitherto  has  only  been  described  from  Europe.  The  two 
representatives  of  the  typical  or  Euiguanodont  group  occur  in  the 
Upper  Wealden  and  Lower  Greensand,  and  comprise  /.  Mantelli, 
and  the  larger  /.  bernissartensis  (fig.  1056) ;  these  two  species  being 
also  distinguished  from  one  another  by  the  number  of  the  sacral 
vertebrae,  and  the  contour  of  the  ilium  and  femur. 

The  length  of  the  entire  body  of  the  larger  /.  bernissartensis  is  esti- 
mated at  about  33  feet.  The  history  of  the  gradual  reconstruction  of  the 
skeleton  of  this  genus  affords  an  instructive  instance  of  the  results  which 
may  be  attained  by  careful  and  patient  study  of  fragmentary  remains. 


Fig.  1059. — Left  lateral  aspect  of  the  skull  of  Iguanodon  bemissa-rtensis ;  from  the  Wealden 
of  Belgium.  Much  reduced.  The  anterior  aperture  is  the  nares  ;  the  middle  one  the  orbit ;  and 
the  posterior  the  infratemporal  fossa.  The  predentary  bone  is  seen  at  the  extremity  of  the 
mandible.    (After  Dollo.) 


By  the  labours  of  the  late  Dr  G.  Mantell  of  Lewes,  in  the  first  half  of 
this  century,  a  considerable  knowledge  was  acquired  of  the  greater  part 
of  the  skeleton,  although  the  structure  of  the  pectoral  and  pelvic  girdles 
remained  a  puzzle.  The  structure  of  the  latter  was,  however,  after  more 
than  one  ineffectual  attempt,  finally  solved  by  the  labours  of  Professor 
Huxley  and  Mr  J.  W.  Hulke. 

In  the  Wadhurst  Clay,  or  Lower  Wealden,  of  Sussex,  we  meet  vnth 
three  species  of  Iguanodon  which  connect  the  preceding  typical 
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forms  with  the  undermentioned  genus  Camptosaurtis.  I.  Dawsoni  is 
a  form  intermediate  in  size  between  /.  Mantelli  and  I.  bernissariensis, 
characterised  by  the  less  compressed  centra  and  lower  arches  of  the 
dorsal  vertebra;  and  also  by  the  form  of  the  iHum  (fig.  1060,  //), 
which  is  of  great  depth,  and  has  a  deep  and  rounded  postacetabular 
process,  while  the  preacetabular  process  has  a  horizontal  inferior 
plate.  In  the  smaller  /.  Fittoni  the  ilium  is  equally  deep,  but  has 
the  postacetabular  portion  narrowed  to  a  point  laterally,  with  a  dis- 
tinct inferior  horizontal  plate ;  while  the  sacrum  has  laterally  com- 


Fie  1060 —Left  pelvic  bones  of  Lower  Wealden  Iguanodons.  One-sixteenth  natural  size.  //, 
Wmm  Iguanodon  Dawsoni;  P,  Imperfect  pubis  of  do.  ;  Is,  Ischium  of  /.  hoUtngtonieitsis ; 
a,  Obturator  process  of  ischium. 

pressed  vertebra  like  those  of  /.  Mantelli.  The  posterior  portion 
of  the  ilium  of  this  species  is  indeed  almost  indistinguishable  from 
that  of  Camptosaurus  (fig.  1052).  Finally,  in  I.  hollingtojiiensis, 
which  agrees  approximately  in  the  proportions  of  the  limbs  with 
/.  Mantelli,  the  femur  had  a  curved  shaft  and  pendant  trochanter 
as  in  Camptosaurus  (fig.  1057,  b);  while  the  sacrum  had  the  ver- 
tebra remaining  separate  from  one  another,  with  their  inferior 
surfaces  flattened,  as  in  that  genus,  with  which  this  species  also 
agreed  in  the  contour  of  the  ischium  (fig.  1060,  Is\  which  has  a 
stout  shaft  not  twisted  upon  itself.    This  species  agreed,  however, 
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with  the  typical  species  of  the  genus  in  having  the  pollex  modified 
into  a  conical  spine,  and  thereby  differed  from  Camptosaurus, 
although  indicating  how  the  one  genus  passed  into  the  other.  It 
is  not  improbable  that  the  large  Iguanodont  from  the  Upper 
Jurassic  of  the  United  States,  described  as  Camptosaurus  amplus, 
should  be  referred  to  this  group  of  Iguanodo?t,  since  it  has  but 
three  functional  digits  in  the  pes. 

With  the  genus  Camptosaurus  {Camptonottis),  we  come  to  forms 
which  are  usually  of  smaller  size  than  the  preceding.  It  occurs 
typically  in  the  Upper  Jurassic  of  North  America ;  but  certain 
forms,  from  the  English  Oxford  and  Kimeridge  Clays,  to  the  latter 
of  which  the  name  Cumnoria  has  been  applied,  as  well  as  a  Wealden 
species,  do  not  appear  to  be  generically  separable.  This  genus  has 
teeth  of  somewhat  simpler  structure  than  those  of  Iguanodon,  and  is 
further  characterised  by  the  flattened  haemal  surfaces  of  the  centra 
of  the  sacral  vertebrae,  which  appear  to  have  remained  separate 
throughout  life ;  by  the  short  preacetabular  process  of  the  ilium 
(fig.  1052)  of  the  type  species;  by  the  equality  in  the  length  of  the 
pubis  and  ischium ;  by  the  pendant,  or  downwardly  directed,  inner 
trochanter  of  the  curved  femur  (fig.  1057,  b)  ;  and  the  presence  of 
five  digits  of  normal  structure  in  the  manus,  and  typically  of  four 
in  the  pes.  The  length  of  the  femur  of  the  type  species  is  some 
2 1  inches.  The  English  forms  are  not  fully  known  ;  but  so  far  as 
this  is  the  case  they  agree  in  essential  characters  with  the  type  :  the 
structure  of  the  manus  and  pes  is,  however,  unfortunately  unknown. 
C.  Leedsi,  of  the  Oxford  Clay,  is  known  only  by  the  femur  (fig, 
i°57)  b),  which  measures  a  little  over  one  foot  in  length;  while  in 
the  Kimeridgian  C.  Prestwichi  (the  type  of  Cumnoria)  we  are  ac- 
quainted with  the  greater  part  of  the  vertebral  column,  in  which  the 
dorsals  have  tall  neural  arches,  while  the  ilium  has  a  long  preace- 
tabular process  like  that  of  Iguanodon.  The  Wealden  C.  valdensis 
is  typified  by  a  femur.  Laosaurus  is  an  allied  form  from  the  Upper 
Jurassic  of  the  United  States,  distinguished  by  its  amphiccelous 
cervical  vertebrae.  The  imperfectly  known  Cryptodraco  {Crypto- 
saurus),  from  the  Oxford  Clay  of  England,  is  characterised  by  the 
great  stoutness  of  the  femur,  which  exceeds  a  foot  in  length,  and 
has  a  straight  shaft,  with  an  inner  trochanter  like  that  of  Iguanodon 
bernissartensis,  but  differs  from  the  corresponding  bone  of  all  other 
members  of  the  family  in  the  absence  of  a  groove  on  the  anterior 
aspect  of  the  lower  end  between  the  condyles. 

Lastly,  we  come  to  the  consideration  of  Hypsilophodo7i,  the 
smallest  and  least  specialised  representative  of  the  family,  which 
is  now  well  known  to  us  through  the  labours  of  Mr  J.  W.  Hulke. 
In  this  genus,  which  occurs  in  the  Upper  Wealden  of  England,  the 
general  structure  of  the  pelvis,  as  well  as  the  pendant  inner  tro- 
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chanter  of  the  femur,  resemble  the  corresponding  elements  of 
CamptosauTus  ;  and  there  are  likewise  four  functional  digits  in  the 
pes,  of  which  the  metatarsals  are  elongated ;  while  the  teeth,  which 
also  occur  in  the  hinder  half  of  the  premaxilla,  are  somewhat  simpler 
than  those  of  Iguanodon.  In  conclusion,  we  may  mention  two  im- 
perfectly known  forms  which  are  evidently  related  to  this  family. 
Of  these,  Mochlodon,  from  the  Upper  Greensand  of  Austria,  is 
characterised  by  the  absence  of  the  channelled  mandibular  sym- 
physis characteristic  of  typical  forms ;  while  Craspedodon,  from  the 
Upper  Cretaceous  of  Belgium,  is  a  very  small  Dinosaur,  merely 
known  by  its  teeth,  which  are  more  complex  than  those  of 
Iguanodon. 

Family  Scelidosaurid^e. — This  family  includes  a  group  of  re- 
markable Dinosaurs  of  medium  dimensions,  characterised  by  being 
clad  in  a  stout  dermal  armour,  usually  consisting  of  detached  scutes 
and  long  spines,  but  sometimes  taking  the  form  of  a  solid  carapace 
completely  covering  the  lumbar  region.  The  rami  of  the  mandible 
are  slender  and  tapering,  but  it  is  not  known  whether  a  predentary 
bone  was  present.  The  teeth  (fig.  1061)  have  laterally  flattened  and 
subtriangular  crowns,  with  the  borders  carrying  serrations  set  more 
or  less  obliquely  or  parallel  to  the  long  axis  of  the  tooth.  The 
anterior  and  middle  dorsal  vertebrae  differ  from  those  of  the 
Iguanodontidce  in  having  the  articulation  for  the  head  of  the  rib 
forming  a  "  step  "  on  the  transverse  process,  as  in  Crocodiles,  and 
not  a  facet  on  the  arch ;  while  there  is  also  no  fossa  between  the 
transverse  process  and  the  postzygapophysis.  The  limb-bones  are 
solid  and  massive;  the  pre-  and  postacetabular 
processes  of  the  ilium  very  long ;  and  the  pubis 
and  ischium  comparatively  short.  The  femur 
has  an  inner  trochanter;  the  metatarsals  are 
short  and  thick ;  and  the  pes,  which  was  probably 
plantigrade,  always  has  four  functional  digits. 
This  family  connects  the  Iguanodontida  with  the 
StegosauridcB,  and  appears  to  be  confined  to  the 
Old  World,  ranging  from  the  Lias  to  the  Creta- 

Fig.  1061.— Tooih  of  ceOUS. 

^^"'ffrorThelowt  The  type  genus  Scelidosaurus,  of  which  a  tooth 
Lias'  of  Dorsetshire.  g^Q^n  in  fig.  1061,  occurs  in  the  Lowcr  Lias 
Twice  natural  s.ze.  j^Q^setshire ;  and  is  wcll  characterised  by  the 

strongly-marked  serrations  of  the  teeth,  and  the  short  and  conical 
dermal  spines  or  scutes.  In  the  Wealden,  the  well-known  HylcEO- 
saurus  was  a  Dinosaur  of  considerable  dimensions,  characterised 
by  its  enormous  and  laterally-compressed  dermal  spines,  but  of 
which  the  skull  and  teeth  are  unfortunately  still  unknown,  certain 
detached  teeth  which  have  been  provisionally  referred  to  it  being 
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now  known  to  be  Sauropodous.  The  anterior  dorsal  vertebrse  have 
a  well-marked  hsemal  ridge,  which  disappears  in  those  later  in  the 
series. 

Regnosanrus  is  founded  upon  a  lower  jaw  from  the  Wealden, 
which  may  pertain  either  to  the  last  or  the  following  genus.  In 
Polacanthus,  of  the  same  beds,  we  have  a  remarkable  form,  in 
which  the  dermal  armour  constitutes  a  completely  solid  carapace 
over  the  whole  of  the  dorsal  aspect  of  the  lumbar  region,  some  of 
the  component  scutes  being  tuberculated,  and  others  ridged  ;  while 
there  was  also  a  number  of  detached  flattened  spines  somewhat  like 
those  of  Bylceosaurus,  which  probably  formed  a  line  in  the  dorsal 
region.  This  peculiar  type  of  carapace  forcibly  recalls  that  of  the 
Glyptodont  Edentates;  In  the  Chalk-Marl  and  Cambridge  Green- 
sand,  we  find  Acanthopholis  with  a  dermal  armour  somewhat  similar 
to  that  of  Scelidosauriis,  but  with  rather  more  complex  teeth.  The 
smaller  Anoplos auras,  of  the  Cambridge  Greensand,  was  probably  a 
closely  allied,  if  not  generically  identical,  form ;  while  the  equally 
small  Syngonosaurus  and  Eucercosaurus,  of  the  same  deposits,  are 
distinguished  by  their  compressed  and  carinated  dorsal  vertebrae, 
which  resemble  those  of  Hylaosaunis.  Apparently  allied  to  these 
forms  is  Vedisaurus,  of  the  Wealden  of  the  Isle  of  Wight,  origi- 
nally referred  to  the  Iguanodontida,  but  showing  the  "  step  "  on  the 
transverse  processes  of  the  dorsal  vertebrae  characteristic  of  the 
present  family.  Priodotitognathus,  founded  on  a  fragment  of  jaw 
of  unknown  age,  is  probably  referable  to  one  of  the  preceding 
forms. 

Family  SxEGOSAURiDiE. — This  family  is  typically  represented  by 
the  genus  Stegosaurus ;  but  before  mentioning  that  form  it  will  be 
convenient  to  refer  to  two  apparently  allied  Dinosaurs  from  the 
Karoo  system  of  the  Cape,  both  of  which  are  very  imperfectly 
known,  and  may  indicate  a  family  connecting  the  present  with  the 
Iguanodo?itidce.  In  Euscelesaurus  (more  correctly  Euscelidosaurus), 
as  the  first  of  these  forms  is  named,  the  limb-bones  were  solid,  and 
the  femur  has  a  large  inner  trochanter,  and  approximates  somewhat 
to  that  of  the  Iguanodonts.  The  tibia  and  fibula  seem,  however, 
to  have  been  more  like  those  of  the  Stegosaurida ;  being  anchylosed 
at  their  two  extremities,  and  closely  joined  to  the  astragalus  and 
calcaneum.  The  caudal  vertebrae,  belonging  either  to  this  or  the 
next  genus,  are  of  an  Iguanodont  type.  The  genus  Orinosaurus 
{Orosaurus)  was  founded  upon  a  bone  of  a  larger  reptile,  regarded 
by  its  describer  as  the  distal  end  of  a  femur,  but  which  is  really  the 
proximal  end  of  a  tibia.  Although  solid  throughout,  this  bone  re- 
sembles the  tibia  of  Iguanodon  in  its  expanded  extremity,  and  thus 
suggests  a  transition  between  the  Iguanodo?itidcB  and  Stegosaurida. 

The  genus  Stegosaurus  was  originally  described  from  the  Upper 
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Jurassic  of  North  America  ;  but  it  appears  that  certain  forms  from  the 
Oxford  and  Kimeridge  Clays  of  England,  described  at  an  earlier  date 
under  the  preoccupied  name  of  Omosautus,  are  not  entitled  to  gen- 
eric distinction.  These  Dinosaurs  agree  with  the  Scelidosaurida  in 
the  general  structure  of  their  teeth,  and  the  possession  of  a  dermal 
armour  of  scutes  and  spines,  as  well  as  in  their  solid  limb-bones ; 
but  differ  by  the  great  height  of  the  neural  arches  of  the  vertebrae, 
as  well  as  by  the  circumstance  that  in  the  sacrum  each  arch  is 
either  chiefly  or  entirely  supported  by  a  single  centrum,  instead  of 
by  the  adjacent  portions  o?  two  centra,  as  in  the  preceding  families. 
The  skull  (fig.  1062)  shows  many  points  of  resemblance  to  that  of 
Iguanodon,  especially  in  the  presence  of  a  predentary  bone ;  but  it 
is  lower  and  narrower,  and  thereby  approximates  to  the  Scelido- 


Fig.  1062.— Left  lateral  view  of  skull  of  Stegosaurus  stenois ;  from  the  Upper  Jurassic  of 
North  America.  One-quarter  natural  size,  a,  Nares ;  i,  Orbit ;  c,  Infratemporal  fossa ;  /;«, 
Premaxilla;  m,  Maxilla;  k,  Nasal;  fi/,  Prefrontal;  so,  Supraorbital ;  ^,Postfrontal ;  /o,  Post- 
orbital  ;  I,  Lachrymal ;  /,  Jugal ;  g,  Quadrate ;  sy,  Squamosal ;  oc,  Occipital  condyle  ;  ar,  Arti- 
cular ;  sa,  Surangular;  an,  Angular;  s,  Splenial ;  d,  Dentary;  /aT,  Predentary.    (After  Marsh.) 


saurian  type.  The  Iguanodont  resemblance  is,  however,  so  marked 
as  to  forbid  the  reference  of  the  forms  with  dermal  armour  to  a 
separate  suborder.  The  two  rami  of  the  caudal  chevron-bones  do 
not  unite  superiorly.  In  the  pelvis  (fig.  1063)  the  ilium  has  an 
enormous  preacetabular  process,  and  a  very  short  postacetabular 
portion ;  while  the  ischium  and  pubis  are  relatively  short.  In  the 
femur  (fig.  1063)  the  inner  trochanter  is  either  very  small  or 
absent;  the  metatarsals  are  very  short  and  stout;  and  the  five 
digits  of  the  plantigrade  pes  approximate  in  contour  to  those  of 
the  Elephant.  The  tibia  and  fibula  are  suturally  united  together  at 
their  extremities ;  and  the  former  is  completely  joined  to  the  astra- 
galus, and  the  latter  to  the  calcaneum.  Other  peculiar  features  of 
these'  remarkable  reptiles  are  to  be  found  in  the  structure  of  the 
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neural  canal  in  the  sacrum.  In  the  solid  structure  and  general 
contour  of  the  limb-bones,  as  well  as  in  the  relations  of  the 
sacral  centra  to  their  arches,  Stegosaiirus  approximates  to  the  sub- 
order Sauropoda ;  and  thus  shows  how  impossible  it  is  to  bring  out 
the  true  relationships  of  animals  in  a  linear  classification.  The 
type  species  indicates  a  reptile  about  two-thirds  the  dimensions  of 
Iguanodon  bernissartensis.  The  American  species  have  no  inner 
trochanter  to  the  femur.  The 
name  Diracodon  has  been  ap- 
plied to  an  American  Jurassic 
type  characterised  by  some  modi- 
fication in  the  structure  of  the 
foot.  DystrophcBus,  from  the 
Trias  of  Arizona,  appears  to  be 
more  or  less  closely  allied  to  the 
Stegosauridce. 

Family  Ceratopid^. — This 
name  has  been  proposed  for 
some  remarkable  Cretaceous 
Dinosaurs  allied  to  the  preced- 
ing family,  but  can  only  be  pro- 
visionally adopted.  The  type 
genus  Ceratops  (according  to 
Cope  identical  with  his  Poly- 
onax),  of  the  Laramie  Creta- 
ceous of  the  United  States, 
carries  a  pair  of  large  horn-cores 
on  the  skull,  which  are  curiously 
like  those  of  the  Bovidce,  and 
were  probably  sheathed  with 
horn.    The  body  was  covered 

with  dermal  scutes,  which  not  ^^^H"^,' f/l"  ^aI*?!^ 

'  /,  Femur;  t,  Tibia;  f^,  Fibula;  a,  Astra 

improbably  had  overlying  horny      galus ;  c,  Calcaneum.    (After  Marsh.) 

shields  like  those  of  Chelonians. 

In  the  Upper  Greensand  of  Austria  there  occur  similar  horn-like 
bones,  once  thought  to  have  been  attached  to  the  body,  and 
described  as  Struthiosaurus  (CratcBomus),  and  it  has  yet  to  be 
shown  that  the  American  types  are  generically  distinct.  A  gigantic 
allied  form,  from  the  Laramie,  has  been  christened  Triceratops, 
and  is  characterised  by  the  presence  of  an  additional  nasal  horn- 
core,  supported  by  the  coalesced  premaxillfe  and  an  additional 
rostral  bone.  The  skull  is  stated  to  be  upwards  of  six  feet  in 
length ;  the  frontal  horn-cores  measuring  some  2  2  inches.  A 
horn-core-like  bone  in  the  British  Museum,  from  the  Wealden, 
not  improbably  indicates  an  allied  type. 


Fig.  1063. — The  left  pectoral  and  pelvic 
girdles  and  limbs  of  Stcgosaztrtis  uugTtlatus ; 
from  the  Upper  Jurassic  of  North  Arnerica. 

natural  size,  jj  Scapula  ;  c,  Coracoid  ;  //, 
Humerus;  r,  Radius;  ti,  Ulna;  i-v,  Phalan- 


CLASS  REPTILIA. 


Nodosaurus,  of  the  Laramie,  is  a  form  more  or  less  nearly  allied 
to  Stegosmtrus,  characterised  by  the  completeness  of  the  dermal 
armour,  which  consists  of  rows  of  rounded  knobs,  becoming  small 
and  quadrangular  near  the  head.    The  skull  is  unknown. 

Finally,  the  remarkable  genus  Siefiopelix,  from  the  German 
Wealden,  should  perhaps  find  a  position  somewhere  in  this  neigh- 
bourhood, although  it  differs  from  all  other  members  of  this  sub- 
order by  the  presence  of  cavities  in  the  centra  of  the  caudal 
vertebrae. 

Suborder  2.  Theropoda. — The  suborder  Theropoda  holds  in 
some  respects  a  position  intermediate  between  the  Ornithopoda 


Fie  1064  —The  left  side  of  the  pelvis  of  Allosaurus  fragilis ;  from  the  Upper  Jurassic  of 
North  America.  One-twelfth  natural  size.  //,  Ilium  ;  is,  Ischium  ;  p.  Pubis  ;  n,  Acetabulum. 
(After  Marsh.) 


and  the  Sauropoda,  although  its  members  are  more  nearly  allied 
to  the  latter ;  with  which,  as  already  mentioned,  it  has  been  pro- 
posed to  group  them,  under  the  name  of  Saurischia.  In  many 
respects,  such  as  the  structure  of  the  teeth,  the  form  of  the  fe- 
mur, the  occasional  presence  of  only  two  sacral  vertebrae,  and 
the  form  of  the  quadrate  bone,  certain  members  of  this  suborder 
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make  a  nearer  approximation  than  the  Sauropoda  to  the  general- 
ised Crocodilia,  although  in  their  hollow  limb-bones  they  agree 
with  the  higher  Ornithopoda.  All  the  forms  were  carnivorous. 
In  the  skull  (fig.  1070)  the  premaxillse  are  fur- 
nished throughout  with  teeth,  which  are  laterally 
compressed  (fig.  1065)  and  backwardly  curved, 
with  trenchant  edges,  of  which  the  posterior,  and 
frequently  also  the  anterior,  border  is  serrated; 
the  directions  of  these  serrations  being  generally 

nearly  at  right  angles  to  the  axis  of  the  crown.   

These  teeth  are  always  implanted  in  distinct 

Fig.  1065. — Lateral 

sockets;  and  the  skull  has  a  large  preorbital  va- 

cuitv  (fie.  1070).    The  centra  of  all  the  vertebrae   landi;    from  the 

^         \  o         '  .  '  „  J     ,     •  1       „u„^     Stonesfield  Slate. 

are  hollowed  mternally ;  and  their  neural  arches  one- third  natural 
articulate  by  zygosphenes  (diplosphenes)  corre-  size, 
spending  to  those  of  the  Squamata ;  while  the 
centra  (fig.  1067)  are  much  compressed  laterally.  The  limb-bones 
always  have  medullary  cavities  ;  and  since  the  pectoral  limb  is  much 
shorter  than  the  pelvic,  it  is  probable  that  many  forms  were  of 
bipedal  habits,  although  some  may  have  been  quadrupedal.  In 
the  pelvis  (fig.  1064)  the  iHum  is  of  great  vertical  depth,  and  has  a 
short  preacetabular  process  ;  while  the  pubis  is  directed  downwards 
and  forwards,  and  unites  with  its  fellow  in  a  long  bony  symphysis, 
which  is  generally  extended  up  the  anterior  face  of  the  two  bones ; 
thus  causing  them  to  have  the  appearance  of  an  elongated  Y,  when 
seen  from  this  aspect.  Both  the  pubis  and  ischium  are  of  a  com- 
paratively short  and  slender  type  of  structure,  and  the  latter  usually 
has  an  obturator  process  like  that  of  the  Ornithopoda.  The  astra- 
galus is  usually  closely  applied  to  the  tibia,  and  not  unfrequently 
gives  off  a  long  flattened  process  lying  on  the  anterior  face  of  the 
latter  bone,  and  thus  resembles  the  condition  found  in  young 
Ratite  Birds  before  the  anchylosis  of  the  two  bones  has  taken 
place.  The  metatarsals  are  elongated,  and  the  feet  digitigrade.  In 
the  manus  the  number  of  the  digits  varies  from  four  to  five ;  while 
in  the  pes  there  may  be  either  three  or  five.  And  in  all  cases  their 
terminal  phalangeals  are  furnished  with  curved  claws,  which  in  the 
manus  are  very  long  and  prehensile,  and  were  apparently  adapted 
for  the  seizure  and  retention  of  the  living  prey. 

It  may  further  be  observed  that  while  the  cervical  vertebrae  are 
frequently  shorter  than  the  dorsals,  as  in  the  Ornithopoda,  yet  they 
are  sometimes  longer,  like  those  of  the  Sauropoda ;  while  the  ver- 
tebral arches  in  the  sacrum  are  occasionally  supported  by  single 
centra,  as  in  the  latter.  Finally,  the  femur,  which  may  be  either 
somewhat  longer  or  shorter  than  the  tibia,  is  generally  of  a  more 
Crocodilian  type — especially  shown  in  its  flattened  head — than  in 
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Fig.  1066.  —  Outer 
aspect  of  the  crown 
of  a  tooth  of  Theco- 
dontosaurus  platyo- 
lion ;  from  the  Lower 
Keuper  near  Bristol. 


any  other  Dinosaurs,  although  it  has  a  distinct  inner  trochanter. 
In  all  cases  the  dorsal  vertebrae  are  amphicoelous. 

Family  Anchisaurid^. — The  least  specialised  forms  constitut- 
mg  this  family,  of  which  the  name  must  be  considered  provisional, 
are  mainly  known  from  beds  of  Triassic  age,  and 
are  typically  represented  by  the  North  American 
genus  A7ichisaurus  {Amphisaurus).  The  cervical 
vertebrae  are  amphicoelous ;  the  pubes  are  slender 
rod-like  bones ;  and  there  are  five  digits  in  both 
the  manus  and  the  pes.  The  teeth  (fig.  1066) 
usually  have  comparatively  thick  and  short  crowns, 
with  a  slightly  convex  posterior  border,  and 
more  or  less  obHque  serrations,  which  occupy  the 
whole  of  both  borders.  Thecodo7itosaurus  occurs 
in  the  Lower  Keuper  near  Bristol ;  the  teeth  of 
the  type  species  being  much  smaller  than  the  one 
figured  in  the  woodcut.  Anchisaurus  (which,  according  to  Profes- 
sor Marsh,  is  identical  with  a  form  described  at  an  earlier  date  un- 
der the  preoccupied  name  Megadactylus)  occurs  in  the  reputed  Trias 

of  the  United  States  ;  but  no  evidence 
has  yet  been  presented  to  show  how 
it  differs  from  the  European  genus. 
The  writer  last  quoted  includes  in  this 
family  the  American  Triassic  genera 
Bathygnathus  and  Clepsysaurus^  both 
of  which  are  still  very  imperfectly 
known.  Here  may  be  mentioned  the 
genus  Massospondylus,  from  the  Karoo 
system  of  South  Africa  and  the  Maleri 
stage  of  the  Gondwana  system  of  India, 
of  which  a  tooth  is  shown  in  fig.  976 
(p.  1049),  and  the  centrum  of  a  dorsal 
vertebra  in  fig.  1067.  These  vertebrae 
approximate  to  those  of  Megalosaurus, 
and  have  a  fusiform  internal  cavity. 

Finally,  it  is  highly  probable  that 
an  amphicoelous  cervical  vertebra  ob- 
tained from  beds  of  unknown  Meso- 
zoic  age  in  Bathurst  Island,  Arctic 
America,  and  described  under  the 
name  of  Ardosattrus,  indicates  a 
Dinosaur  more  or  less  closely  allied 
to  the  present  or  following  family.  This  vertebra  agrees  approxi- 
mately in  size  with  that  of  Cahmiospondylus  {fig.  1071),  but  has  free 
cervical  ribs  and  a  neural  spine ;  the  length  and  curvature  of  the 


Fig.  1067. — Lateral  and  inferior  as- 
pects of  the  centrum  of  a  dorsal  verte- 
bra of  Massospondylus  carinaUts  ;  from 
the  Karoo  system  of  Basutoland.  One- 
half  natural  .size. 
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centrum  being  indicative  of  a  long  and  arched  neck.  The  occur- 
rence of  a  Dinosaur  so  far  north  is  of  extreme  interest,  as  servmg  to 
show  how  genera  common  to  the  Old  and  New  Worlds  may  have 
migrated  from  the  one  hemisphere  to  the  other. 

Family  Megalosaurid^.— In  this  family  the  cervical  vertebrae 
are  (when  known)  shorter  than  the  dorsals,  and  may  be  either 
amphi-  or  opisthocoelous ;  while  the  dorsals  often  have  prominent 
ridges  at  the  base  of  the  arches,  between  which  are  deep  pits ;  the 
vertebral  centra,  as  in  the  last  family,  having  a  fusiform  internal 
cavity.  In  the  pelvic  limb  of  the  type  genus,  the  femur  is  of  a  re- 
markably Crocodilian  type,  and  is  longer  than  the  tibia.  The  crowns 
of  the  teeth  (fig.  1065)  are  more  or  less  tall,  and  much  compressed, 
with  the  posterior  border  distinctly  concave,  and  the  serrations, 
which  are  nearly  at  right  angles  to  the  axis  of  the  crown,  usually 
wanting  at  the  lower  part  of  the  anterior  border.  In  the  Lower 
Keuper  of  England  we  meet  with  Palaosanrus  (with  which  Cladyodon 
of  the  same  deposits  may  be  identical),  of  which  only  detached  teeth 
are  known.  In  the  Upper  Keuper  of  the  Continent  there  occurs 
the  comparatively  generalised  genus  Zanclodon  {Teratosai/rus),  which 
is  not  improbably  iden- 
tical with  Fiateosatirus, 
in  which  case  the  latter 
name  should  be  adopt- 
ed. The  serrations  on 
the  anterior  borders  of 
the  crowns  of  the  teeth 
continue  nearly  to  the 
base  ;  the  cervical  ver- 
tebrae are  amphicoe- 
lous ;  there  are  but  two 
vertebrae  in  the  sacrum ; 
and  the  astragalus  does 
not  give  off  a  process 
ascending  on  to  the  anterior  surface  of  the  tibia.  One  of  the 
species  was  fully  as  large  as  Megalosauriis,  and  the  genus  was 
probably  represented  in  the  Lower  Lias  of  Dorsetshire.  The  small 
Epicajfipodon  {Ankistrodon),  of  the  Panchet  stage  of  the  Indian 
Gondwanas,  has  teeth  (fig.  1068)  of  a  Megalosauroid  type,  in  which 
the  serrations  are  totally  absent  from  the  anterior  border,  and  do 
not  extend  to  the  base  of  the  posterior  border. 

The  type  genus  Megalosaurus  has  been  rendered  classic  through 
the  labours  of  the  late  Professors  Buckland  and  Phillips,  and  affords 
an  excellent  and  instructive  instance  of  the  gradual  restoration  of 
the  skeleton  of  an  extinct  and  uncouth  form  from  more  or  less 
fragmentary  remains.   In  Europe  this  genus  ranges  from  the  Stones- 


1' Ig.  luod.  —  Fragment  of  the  mandible  of  Epicavipodon 
indicus ;  from  the  Panchet  beds  of  the  Gondwanas.  Three 
times  natural  size.  A,  Lateral ;  B,  Posterior  aspect ;  c, 
Transverse  section  of  tooth.    (.'Vfter  Huxley.) 
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field  SLate  (Lower  Jurassic)  of  England  to  the  topmost  Cretaceous 
of  Maastricht  in  Holland;  and  has  also  been  recorded  from  the 
Upper  Cretaceous  of  Southern  India.  There  is  good  evidence  of 
the  existence  of  two  species  in  the  Wealden.  An  attempt  at  a 
restoration  of  the  skeleton  of  the  type  species  is  shown  in  the 
accompanying  woodcut.  The  North  American  Allosaurus  (of  which 
the  pelvis  is  represented  in  fig.  1064)  appears  to  be  a  closely 
allied  form  of  Upper  Jurassic  age.  The  nearly  entire  skeletons 
of  the  latter  and  other  American  forms  have  shown  that  certain 
very  excusable  errors  were  made  in  the  restoration  of  the 
imperfect  elements  of  the  skeleton  of  the  EngHsh  genus  ;  and 
it  is  quite  evident  that  the  skull  of  Megalosaurus  must  have 

had  an  inferior  temporal  arcade, 
and  that  it  approximated  more 
or  less  closely  to  that  of  Cerato- 
saurus  (fig.  1070),  although  the 
bony  processes  of  the  latter 
may  have  been  wanting.  In  the 
teeth  (fig.  1065)  the  serrations 
on  the  anterior  border  are  in 


Fig.  1069. — Restoration  of  the  skeleton  of  Megalosaurtis  Bucklandi ;  from  the  Stonesfield 

Slate.    Greatly  reduced. 


some  cases  confined  to  the  upper  half  of  the  crown,  but  in  others 
extended  nearly  throughout.  Typically  there  are  five  vertebrae  in 
the  sacrum ;  the  cervical  vertebrae  are  opisthocoelous ;  the  astragalus 
has  a  process  ascending  on  to  the  tibia ;  and  there  were  three  digits 
in  the  pes  and  probably  four  in  the  manus.  In  the  North  American 
Creosaurus  we  have  an  aUied  Upper  Jurassic  genus,  in  which  the 
postcervical  vertebrae  have  very  deep  depressions  on  the  sides  of  their 
centra;  and  there  are  but  two  sacral  vetebrse.  In  Ceratosaurus, 
of  the  Upper  Jurassic  of  North  America,  the  skull  (fig.  1070)  is 
remarkable  for  carrying  a  single  bony  protuberance  behind  the 
terminal  nares,  and  a  pair  of  similar  protuberances  directly  in  ad- 
vance of  the  orbits ;  while  the  mandible  has  a  lateral  vacuity  like 
that  of  the  Crocodilia.  Professor  Marsh  believes  that  the  pro- 
tuberances on  the  skull  supported  horns.  In  the  type  specimen  the 
three  pelvic  bones  and  the  metatarsals  were  respectively  anchylosed 
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together  •  but  this  may  perhaps  be  due  to  a  pathological  peculiarity 
of  the  individual.  This  genus  is  regarded  by  its  describer  as  the 
type  of  a  distinct  family— the  Ceratosauridce.  Here  may  be  men- 
tioned a  small  and  imperfectly  known  Dinosaur  from  the  Wealden 
for  which  the  name  Aristosuchns  has  been  proposed.  The  type 
specimen  comprises  the  sacrum  and  part  of  the  pelvis.  It  is  con- 
sidered by  its  describer  that  the  sacrum  includes  five  vertebrae, 
while  the  pelvic  bones,  which  have  a  long  ventral  symphysis,  were 
originally  described  as  pubes,  although  it  has  been  subsequently 
suggested  that  they  may  be  ischia.  The  dorsal  vertebrse  referred 
to 'this  form  by  Sir  R.  Owen  have  a  fusiform  internal  cavity  in  the 
centrum,  but  it  has  been  recently  suggested  that  this  reference  is 


Fig.  1070. — Left  lateral  view  of  skull  of  Ceratosaurus  nasicomis;  from  the  Upper  Jurassic 
of  North  America.  One-sixth  natural  size,  a,  Nares;  Bony  prominence;  c,  Preorbital 
vacuity ;  d,  Orbit ;  e.  Infratemporal  fossa ;  /,  Mandibular  vacuity ;  t.  Transverse  bone.  (After 
Marsh.) 


incorrect,  and  that  this  genus  may  have  had  dorsal  vertebra  like 
those  of  the  Coeluridce,  in  which  case  this  form  may  be  referable 
to  Ccelurus,  in  which,  indeed,  it  has  been  placed  by  Professor 
Marsh. 

Family  CoMPSOONAXHiDiE. — This  family  is  represented  by  the 
small  Compsognathus  of  the  Lower  Kimeridgian  Limestone  of 
Bavaria,  and  the  allied  or  identical  Hallopus  of  the  Upper  Jurassic 
of  North  America.  In  the  typical  genus — known  only  by  a  single 
skeleton — the  cervical  vertebrae  are  opisthocoelous,  and  much  longer 
than  the  amphicoelous  dorsals,  and  have  free  cervical  ribs.  In  the 
limbs  the  femur  is  shorter  than  the  tibia,  and  both  the  manus  and 
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pes  have  only  three  functional  digits ;  the  astragalus  being  closely 
applied  to  the  tibia.  The  teeth  and  pelvis  approximate  to  the 
Megalosaurian  type.  Compsog7iathus  was  about  two  feet  in  total 
length;  and  undoubtedly  hopped  on  its  pelvic  hmbs,  after  the 
manner  of  a  bird.  Halloptis  is  one  of  the  few  Dinosaurs  with  only 
two  sacral  vertebra ;  the  number  of  those  of  Compsognathus  being 
unknown. 

Family  Ccelurid^. — This  family  is  represented  by  comparatively 
small  forms,  ranging  in  size  from  five  or  six  to  about  twelve  feet 
in  length.  They  are  characterised  by  the  vertebrae  and  ribs  being 
completely  honeycombed  by  cavities,  communicating  with  a  small 
aperture  on  the  side  of  the  centrum.  The  cervical  vertebrse  (fig. 
107 1 )  are  typically  longer  than  the  dorsals,  and  have  the  ribs 
anchylosed  to  the  arch  and  centrum,  and  the  neural  spine  reduced 
to  a  mere  ridge.    The  limb-bones  are  hollow,  and  the  pelvis  is  of 


Ftg.  1071. — Anterior  and  left  lateral  aspects  of  a  cervical  vertebra  of  C alamospondylus  Foxi; 
from  the  Wealden  of  the  Isle  of  Wight.  Two-thirds  natural  size,  prz,  Prezygapophysis  ;  ptz, 
Postzygapophysis  ;  r.  Rib  (restored)  ;  /,  Pneumatic  foramen ;  s.  Neural  spine. 

the  ordinary  Theropodous  type,  with  a  very  long  pubic  symphysis. 
The  type  genus  Coslurus,  typically  from  the  Upper  Jurassic  of 
America,  but  also  occurring  in  the  English  Wealden,  has  the 
cervical  vertebrse  greatly  elongated,  the  first  few  being  opistho- 
and  the  remainder  amphicoelous.  In  Calamospondylus  {fig.  107 1) 
the  cervicals  were  shorter,  and  were  probably  all  opisthocoelous ; 
the  one  known  species  being  from  the  English  Wealden.  Pro- 
fessor Cope  includes  in  this  family  other  small  Dinosaurs  from 
the  Trias  of  North  America,  which  he  identifies  with  Tanystro- 
phcetis,  originally  described  on  the  evidence  of  extremely  elongated 
caudal  vertebrae  from  the  German  Muschelkalk,  once  referred  to 
the  Sauropterygia.  In  these  forms  all  the  cervical  vertebrae  were 
amphicoelous ;  and  the  femur  has  an  inner  trochanter.  Mega- 
dactylus,  which  Professor  Cope  regards  as  identical  with  these 
forms,  is,  as  already  mentioned,  identified  by  Professor  Marsh  with 
Afichisaurus. 

Suborder  3.  Sauropoda. — With  the  third  and  last  suborder  we 
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enter  upon  the  consideration  of  the  largest  known  Dinosaurs,  and 
those  which  make  so  many  marked  approximations  to  the  more 
generalised  Crocodilia  as  to  show  how  close  is  the  relationship 
between  that  order  and  the  Dinosauria.i  The  skull  (fig.  1076) 
at^rees  with  that  of  the  Theropoda  in  having  the  premaxilte  com- 
ptetely  toothed,  and  also  in  the  presence  of  a  large  preorbital 
vacuity ;  but  the  external  nares  formed  long  slits  in  the  fore  part  of 
the  skull  as  in  Ornithosaurs  and  Birds.  The  teeth  are  invariably 
set  in  distinct  sockets  and  are  of  a  spatulate  form,  without  marginal 
serrations  (fig.  1072).  The  sternal  bones  are  ovate.  All  the  ver- 
tebrae in  advance  of  the  sacrum,  and  sometimes  those  of  that  region 
also,  have  a  large  vacuity 
on  each  side  of  the  cen- 
trum communicating  with 
a  series  of  internal  cavities, 
which  give  a  honeycomb- 
like structure  to  the  whole  Fig.  1072.— Outer  side  of  a  tooth  of  Morosauriis 
1  rr^L-       cc    J  grandis  i  from  the  Upper  Jurassic  of  North  America, 

vertebra.       ihlS   anOrdS   a      One  half  natural  size.    (After  Marsh.) 

combination  of  strength 

and  lightness  in  the  massive  supports  necessarily  required  for  the 
huge  ribs,  limbs,  and  muscles,  which  could  not  have  been  attained 
in  any  other  manner.  All  the  anterior  vertebrse  are  opisthocoelous ; 
and  in  the  cervical  region  the  ribs  are  anchylosed  to  the  vertebrse, 
which  have  no  neural  spines,  and  are  longer  than  the  dorsals  \  while 
the  spines  of  the  latter  are  laterally  expanded ;  and  in  the  sacrum 
each  centrum  supports  its  own  arch.  The  limb  bones  are  solid ; 
and  since  the  pectoral  limb  is  not  much  shorter  than  the  pelvic,  it 
appears  that  these  Reptiles  were  habitually  quadrupedal.  All  the 
feet  were  plantigrade,  and  furnished  with  five  digits ;  those  of  the 
pes  being  terminated  by  large  curved  claws.  The  ilium  (fig.  1073) 
has  its  upper  border  only  moderately  arched  and  its  postacetabular 
portion  short;  while  the  pubis  (fig.  1073),  which  is  directed  down- 
wards and  forwards,  is  stout  with  a  comparatively  small  distal  expan- 
sion, where  it  unites  by  a  cartilaginous  symphysis  with  its  fellow  of 
the  opposite  side.  The  ischium  (fig.  1073)  is  likewise  a  stout  bone 
agreeing  with  that  of  the  Crocodilia  in  the  absence  of  an  obturator 
process ;  and  the  two  ischia  have  a  peculiar  incurving  of  their  distal 
extremity  where  they  meet  in  a  symphysis. 

It  may  be  observed  that  in  the  lateral  views  of  the  pelvis  shown  in  the 
figures,  where  the  bones  are  drawn  more  or  less  nearly  in  a  vertical 
plane,  it  is  impossible  to  give  a  true  idea  of  the  peculiar  contour  of  the 
distal  extremity  of  the  pubis  and  ischium.  These  bones  are  really  con- 
cave from  above  downwards  on  the  outer  (figured)  aspect,  and  convex  on 


^  Professor  Cope  would  include  the  Sauropodous  Dinosaurs  in  the  Crocodilia. 
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the  inner  aspect ;  and  owing  to  a  confusion  between  the  proper  inner 
and  outer  sides  of  the  English  specimens,  only  recently  cleared  up  it 
has  been  considered  by  some  paleontologists  that  there  was  an  essential 
difference  between  the  structure  of  the  pelvis  of  the  English  and  Amer- 
ican forms. 

The  femur  in  its  straight  shaft  and  absence  of  an  inner  trochanter 
hkewise  resembles  to  a  considerable  extent  that  of  the  Crocodilia ; 


Fig.  1073.— The  left  side  of  the  pelvis  of  Broniosaurus  excehus;  from  the  Upper  Juras.sic  of 
North  America.  One-sixteenth  natural  size,  a,  .■Acetabulum ;  Ilium  ;  is,  Ischium  ;  p.  Pubis ; 
/,  Foramen  in  do.    (After  Marsh.) 


although  its  head  is  not  laterally  compressed  to  the  same  extent,  nor 
placed  so  obliquely  to  the  distal  condyles. 

In  time  this  suborder  ranges  from  the  Upper  Trias  to  the  Cre- 
taceous, and  it  is  especially  well  represented  in  the  Kimeridge  Clay 
and  Wealden  of  Europe. 
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Family  Atlantosaurid/e.— This  name  may  be  provisionally 
adopted  for  a  family  which  is  represented  by  the  genera  Atlanto- 
saurus,  Apatosaurus,  and  Brontosaurus,  of  the  Upper  Jurassic  of 
North  America,  as  well  as  by  allied  European  types.  In  these  huge 
forms  the  ischium  (fig.  1073)  is  directed  downwards,  and  its  shaft  is 
thick  and  not  bent  upon  itself;  while  the  humerus  is  comparatively 
slender  •  and  the  chevrons  of  the  caudal  vertebra  have  their  superior 
extremities  united.    The  teeth  have  the  summit  of  the  crown  not 


Fig.  1074. — Posterior  view  of  an  anterior  dorsal  vertebra  of  Camarasaurus  sufreinus;  from 
the  Upper  Jurassic  of  North  America.    Reduced.    (After  Cope.) 


much  incurved.  Apparently  closely  allied  to,  if  not  identical  with, 
some  of  the  above-mentioned  genera  are  Amphiccelias  and  Camara- 
saurus of  the  same  formations.  An  anterior  dorsal  vertebra  of 
the  latter  genus  is  represented  in  the  accompanying  woodcut ;  this 
vertebra  is  transitional  between  the  cervicals  and  later  dorsals,  the 
neural  spine  of  the  latter  being  absent. 

Professor  Marsh  estimates  the  total  length  of  Brontosaurus  at  upwards 
of  fifty  feet,  and  its  weight  at  more  than  twenty  tons  ;  and  Pelorosatirus, 
of  the  English  Wealden,  must  have  been  fully  equal  to  these  dimensions. 
In  respect  of  the  former,  the  learned  American  palEeontoIogist  observes, 
"  that  the  animal  at  times  assumed  a  more  erect  position  than  is  repre- 
sented in  the  restoration  is  probable,  but  locomotion  on  the  posterior 
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limbs  alone  was  hardly  possible.  The  head  was  remarkably  small  The 
neck  was  long,  and,  considering  its  proportions,  flexible  ;  and  was  the 
lightest  portion  of  the  vertebral  column.  The  body  was  quite  short  and 
the  abdominal  cavity  of  moderate  size.  .  .  .  Each  footprint  must  have 
been  about  a  square  yard  in  extent.  The  tail  was  large,  and  nearly  all 
the  bones  were  solid.  The  diminutive  head  will  first  attract  attention  as 
it  is  smaller  in  proportion  to  the  body  than  in  any  vertebrate  hitherto 
known.  The  entire  skull  is  less  in  diameter  or  actual  weight  than  the 
fourth  or  fifth  cervical  vertebra.  .  .  .  The  very  small  head  and  brain, 
and  slender  neural  cord,  indicate  a  stupid,  slow-moving  reptile.  The 
beast  was  wholly  without  offensive  or  defensive  weapons,  or  dermal 
armature.  In  habits,  Brojitosaurus  was  more  or  less  amphibious,  and  its 
food  was  probably  aquatic  plants  or  other  succulent  vegetation.  The 
remains  are  usually  found  in  localities  where  the  animals  had  evidently 
become  mired." 

Of  still  more  stupendous  bulk  is  Atlantosaurus  immanis,  the  femur 
of  which  has  the  enormous  length  of  six  feet  two  inches,  and  thus 


Fig.  I07S. — Inner  (a),  outer  (i),  and  profile  (c)  views  of  a  tooth  of  Hoplosaurus  armatus; 
from  the  Wealden  of  the  Isle  of  Wight.    (After  Wright.) 

indicates  one  of  the  largest  land  animals  yet  known ;  the  only  form 
which  could  possibly  have  exceeded  it  being  the  Cretaceous  Tricer- 
atops  mentioned  above.    It  is  by  no  means  clear  that  all  these 
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American  types  are  generically  distinct  from  those  to  be  now 

mentioned.  . 

We  may  now  proceed  to  the  consideration  of  certam  European 
Dinosaurs  which  from  their  more  or  less  close  alliance  to  the  pre- 
ceding forms  appear  to  belong  to  the  same  family,  although  opinions 
to  the  contrary  have  been  expressed.  It  may  be  observed  in  this 
connection  that  the  study  of  all  the  European  Sauropoda  is  beset 
with  almost  insurmountable  difficulties  owing  to  the  circumstance 
that  nearly  all  the  specimens  are  disassociated,  and  that  genera  and 
species  have  been  named  on  the  evidence  of  single  teeth,  vertebrae, 
or  bones  of  the  Hmbs  or  limb-girdles,  so  as  not  to  admit  of  com- 
parison with  one  another.  Moreover,  the  unwieldy  bulk  of  the 
specimens  themselves  is  a  bar  to  an  exact  comparison,  even  when 
they  are  strictly  comparable  one  with  another. 

The  tooth  from  the  Wealden  of  the  Isle  of  Wight,  represented 
of  the  natural  size  in  fig.  1075,  has  been  made  the  type  of  the 
genus  Hoplosauriis  {Oplosaurus),  and  it  appears  almost  certain  that 
cervical  and  dorsal  vertebrse,  and  a  pelvis  from  the  same  deposits, 
described  under  the  names  of  Ornithopsis  Hulkei  and  O.  eucamerohis, 
are  referable  to  the  same  form.  These  remains  indicate  a  Reptile 
of  considerably  smaller  dimensions  than  Brontosaurus,  having  a 
pelvis  which  approximates  in  structure  to  that  of  Atlantosaurus. 
The  ischium,  which  has  the  downward  direction  characteristic  of 
the  present  family,  has  a  length  of  27  inches,  and  is  comparatively 
wide  in  proportion  to  the  pubis.  The  genus  Pelorosaurus  is  typified 
by  a  huge  humerus  from  the  Wealden  of  Sussex,  measuring  some 
54  inches  in  length,  which  would  appear  far  too  large  for  the  type 
species  of  Hoplosauriis}  A  slightly  larger  humerus  from  the  Kim- 
eridge  Clay,  originally  described  as  Cetiosaicrus  humerocrisiatus, 
appears  generically  inseparable  from  Pelorosaurus,  and  its  owner 
was  in  all  probability  very  closely  allied  to  an  equally  large  form 
from  the  Oxford  Clay,  described  upon  the  evidence  of  the  pelvis  as 
Ornithopsis  Leedsi.  Of  the  latter  the  lumbar  and  caudal  vertebrse 
are  also  known,  and  approximate  closely,  both  in  size  and  contour, 
to  those  of  JSronfosaurus,  the  lumbars  having  a  diameter  of  nearly 
1 2  inches  across  the  centrum.  In  the  pelvis  the  ischium  measures 
nearly  36  inches  in  length,  and  is  also  narrower  in  proportion  to  the 
pubis  than  in  Hoplosaurus — differences  which,  coupled  with  others, 
may  probably  be  regarded  as  of  generic  value.  Referring  all  these 
forms,  at  least  provisionally,  to  Pelorosaurus,  it  would  appear  that  this 
genus  includes  very  large  Ditiosaurs  closely  allied  both  in  vertebral 
and  pelvic  characters,  as  well  as  in  point  of  size,  to  Brontosaurus,  al- 

^  Compare  the  proportions  of  this  bone  and  of  the  ischium  mentioned  below 
with  the  corresponding  dimensions  of  other  Dinosaurs  given  in  the  table  on  the 
next  page. 
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though  it  is  probable  that  the  humerus  was  relatively  longer.  Teeth 
from  the  Kimeridgian  of  Boulogne,  upon  the  evidence  of  which  the 
genus  Neosodon  was  founded,  but  which  were  subsequently  identified 
with  American  forms  described  as  Caulodon,  are  probably  referable 
to  the  same  species.  Small  vertebrae  from  the  Kimeridge  Clay  of 
Swindon,  upon  which  the  genus  Bothriospondyliis  was  established, 
may  perhaps  be  referable  to  a  very  young  individual  of  Pelorosaurus 
humerocristatus ;  while  a  comparatively  small  humerus  from  the 
-same  deposits,  originally  described  under  the  preoccupied  name  of 
Ischyrosaurus,  may  indicate  a  smaller  species  of  the  same  genus. 
Finally,  of  the  Kimeridgian  remains  described  as  Gigantosaurus, 
while  some  may  be  referable  to  P.  hmtierocristatus,  a  sacral  vertebra 
may  belong  to  the  smaller  P.  Manseli  above  mentioned. 


The  following  table  gives  the  dimensions  of  some  of  the  bones  of  certain 
of  the  above-mentioned  forms,  together  with  those  of  others  noticed  below 
under  the  head  of  the  Cetiosaiiridce : — 
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Family  Diplodocid/E. — The  genus  Diplodocus,  from  the  Upper 
Jurassic  of  North  America,  is  typically  represented  by  a  species  of 
smaller  size  than  many  of  the  preceding  forms,  and  is  regarded  by 
Professor  Marsh  as  the  type  of  a  family.  It  was  originally  con- 
sidered that  the  external  nares  were  single,  and  situated  at  the  top 
of  the  skull  between  the  orbits  (fig.  1076) ;  but  it  now  appears  that 
they  really  formed  long  narrow  slits  between  the  premaxillae,  nasals, 

1  Caudal  vertebra  of  a  larger  individual  are  nearly  equal  in  size  to  those  of 
Brontosattnts. 
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and  maxilte,  after  the  fashion  obtaining  in  Pterodactyles  and  Birds. 
And  it  is  probable  that  a  similar  arrangement  exists  in  the  other 
members  of  the  suborder.  It  will  be  observed  from  the  figure 
that  the  jugal  bifurcates  posteriorly  to  form  the  anterior  and  inferior 
borders  of  the  orbit;  while  the  quadratojugal  joins  the  maxilla 
without  the  intervention  of  the  jugal,  which  is  thrust  up.  These 
peculiar  features  are  repeated,  as  will  be  noticed  below,  in  one 
genus  of  the  Ornithosauria.    The  pelvis  is  of  the  general  type  of 


Fig.  1076. — Left  lateral  aspect  of  the  skull  of  Di^lodocus  longus ;  from  the  Upper  Jurassic  01 
North  America.  One-sixth  natural  size.  The  position  of  the  nares  at  the  top  of  the  skull  is 
incorrect.   (After  Marsh.) 


that  of  the  last  family ;  but  the  distal  extremity  of  the  ischium  is 
not  expanded. 

Family  CETiosAURiDiE. — This  family  is  typically  represented  by 
the  English  genus  Cetiosaurus^  which,  so  far  as  can  be  determined 
from  the  characters  of  the  scapula  and  pelvis,  appears  to  be  so 
nearly  related  to  the  American  Morosaurus  that  there  seems  every 
reason  for  including  the  latter  in  the  same  family.  Cetiosaurus 
occurs  typically  in  the  Lower  Jurassic  Great  Oolite,  and  Forest- 
Marble  of  Oxfordshire  and  Northamptonshire,  where  we  meet  with 
the  huge  C.  oxoniensis.  Comparatively  small  teeth  from  the  same 
deposits,  described  under  the  earlier  name  of  Cardiodon  rugulosus, 
are  of  the  same  general  type  as  those  of  Hoplosaiirus,  but  have  rela- 
tively smaller  crowns,  with  a  more  incurved  summit,  and  are  clearly 
distinct  from  the  last-named  genus.  Professor  Phillips  referred 
teeth  of  this  type  to  C.  oxoniensis,  but  from  their  small  size  they 
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would  agree  better  with  a  dorsal  vertebra  from  the  same  deposits 
subsequently  described  as  Bothriospondylus  robusius.  This  vertebra 
is  somewhat  longer  than  the  dorsals  of  C.  oxoniensis,  but  need  not 
be  generically  distinct.  In  Cetiosaurus  the  caudal  vertebrae  have 
no  distinct  postzygapophyses,  and  articulate  by  two  facets  with  the 
chevrons,  of  which  the  upper  extremities  are  not  united,  as  in  Cro- 
codiles. The  scapula  is  much  expanded  at  its  distal  extremity,  and 
the  humerus,  though  long,  is  wider  and  shorter  than  in  the  Euro- 
pean forms  mentioned  among  the  Atlantosauridce.  The  ischium 
appears  to  be  of  the  same  general  type  as  that  of  Morosaurus  (fig. 


Fig.  1077. — The  left  side  of  the  pelvis  of  Morosaurus  grandis  ;  from  the  Upper  Jurassic  of 
North  America.  One-sixteenth  natural  size,  a,  Acetabulum ;  il,  Ilium ;  is,  Ischium ;  ^,  /, 
Pubis.    (After  Marsh.) 

1077),  in  which  the  shaft  is  bent  backwards  and  has  no  distal 
expansion,  while  the  symphysis  does  not  extend  to  the  extremity ; 
thus  causing  the  middle  of  the  acetabular  part  to  be  far  above  the 
axis  of  the  shaft. 

The  typical  species  of  Cetiosaurus  is  comparatively  well  known  through 
the  labours  of  the  late  Professor  Phillips.  This  huge  reptile  was  perhaps 
somewhat  smaller  than  Pelorosaurus  ;  and  it  was  inferred  from  the  well- 
ossified  extremities  of  the  limb-bones,  the  free  projection  of  the  head  of 
the  femur  into  the  acetabulum,  and  the  large  terminal  claws,  that  this 
creature  was  of  terrestrial  or  subaquatic  habits,  and  that  it  probably 
dwelt  on  the  banks  of  lakes  or  rivers  among  brakes  of  ferns,  cycads,  and 
conifers.    From  the  structure  of  a  tooth  {Cardiodon)  found  m  the  same 
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beds,  the  Cetiosaur  was  inferred  to  have  been  of  herbivorous  habits. 
How' remarkably  these  conclusions  have  been  confirmed  by  the  discovery 
of  the  allied  American  forms,  is  now  a  matter  of  history. 

In  the  Wealden  sacral  and  caudal  vertebrae  of  the  general  type 
of  those  of  Cetiosaurus,  described  under  the  name  of  Cetiosaiirus 
brevts,  indicate  a  smaller  form  than  Hoplosaurus.  It  is  probable 
that  a  dorsal  vertebra  from  the  same  deposits,  described  as  Bothrio- 
spondylus  elongatus,  as  well  as  a  humerus  and  other  bones  of  the 
pectoral  limb,  to  which  the  name  Morosauriis  Becklesi  has  been 
applied,  are  referable  to  the  same  form,  which  would  appear  to  be 
generically  distinct  from  Cetiosaurus,  and  may  be  known  as  Moro-, 
sauriis  brevis.  The  dimensions  of  some  of  the  bones  are  given  in 
the  table  on  p.  11 76.  An  ilium,  from  the  same  beds,  closely 
resembles  that  of  the  American  genus,  and  probably  belongs  to 
the  same  form.  In  North  America,  Morosaurus  and  the  small 
Pleuroccelus  are  characteristic  of  the  Upper  Jurassic.  The  dorsal 
vertebrae  of  the  latter  are  relatively  elongated,  and  do  not  exceed 
five  inches  in  length ;  those  of  one  species  being  remarkable  for 
their  very  low  neural  arches.  Small  teeth 
from  the  Wealden  (fig.  1078),  once  referred  to 
HylcBosaurus,  probably  belong  to  a  species  of 
Pleuroccelus.  These  teeth  are  less  spoon-shaped, 
and  approximate  more  to  a  compressed  cone 
than  those  of  Morosaurus  (fig.  1072);  and  the 
genus  Pleuroccelus  includes  the  smallest  repre- 
sentatives of  the  suborder.  The  pelvis  of 
Morosaurus  is  shown  in  fig.  1077;  the  teeth 
(fig.  1072),  although  considerably  larger  than 

c  J-  J  J     7-)7  7  1  fig.  1078.  — Outer  and 

those  ot  Larawaon  and  Pleuroccelus^  exhibit  profile  views  of  a  tooth  of 
the  same  incurving  of  the  crown.  fr?™  WeaidL"''^'"'" 

In  the  preceding  forms  the  centra  of  the 
caudal  vertebrae  are  amphicoelous ;  but  Tilanosaurus,  originally  de- 
scribed from  the  Cretaceous  of  India,  and  subsequently  found  in 
the  English  Wealden  and  Upper  Greensand,  has  procoelous  centra 
to  these  vertebrae.  The  femur  of  this  genus  indicates  an  animal  as 
large  as  Cetiosaurus. 

Remains  of  other  Cretaceous  Sauropoda  have  received  distinct 
generic  names,  but  some  of  them  may  be  identical  with  the  above- 
mentioned  types.  Thus  we  have  Dinodocus  based  on  broken  bones 
from  the  Lower  Greensand  of  Kent ;  and  yEpysaurus  founded  on  a 
humerus  from  the  French  Cretaceous.  Macrurosaurus,  from  the 
Cambridge  Greensand,  is  a  smaller  form,  with  imperfectly  procoelous 
caudal  vertebrae.  Finally,  the  name  Thecospondylus  has  been  ap- 
plied to  a  specimen  from  the  Wealden,  of  which  even  the  subordinal 
position  cannot  be  determined,  although  it  has  been  suggested. 
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without  sufficient  foundation,  that  it  indicates  a  form  aUied  to 
Coelurus. 

Order  IX.  Crocodilia. — The  Crocodiles  of  the  present  day 
are  well-known,  lacertiform  Reptiles  inhabiting  the  lakes,  rivers, 
and  marshes  of  the  warmer  regions  of  the  globe;  and  are  the 
largest  existing  representatives  of  the  entire  class.  If  we  had  only 
these  existing  and  specialised  forms  to  deal  with,  we  should  have 
no  difficulty  in  giving  a  concise  definition  which  would  separate  the 
order  to  which  they  belong  from  the  Dinosauria.  There  occur, 
however,  in  the  Trias  a  number  of  generalised  forms  which  ap- 
proximate so  closely  to  the  latter  order  as  to  render  such  definition 
extremely  difficult ;  and  it  is  quite  possible  that  some  of  the  under- 
mentioned characters  are  not  applicable  to  the  first  suborder.  The 
order  is  sometimes  known  as  the  Emydosauria. 

In  all  the  forms  the  limbs  and  body  (fig.  1079)  are  of  a  lacerti- 
form type,  the  former  being  very  short,  and  the  latter  long  and 


Fig.  1079.— Head  and  fore-part  of  the  body  (a)  and  hind  foot  (b)  of  Crocodilus porosus ; 
from  Madras.    Much  reduced.    (After  Giinther.) 


carried  close  to  the  ground ;  while  the  tail  is  relatively  long.  With 
the  exception  of  a  few  later  Jurassic  forms,  the  dorsal  aspect  of  the 
body  carries  a  dermal  armour  of  articulating  or  imbricating  bony 
scutes,  arranged  in  two  or  more  longitudinal  rows  (fig.  1079),  and 
marked  on  their  outer  surface  by  a  series  of  deep  pits.  In  certain 
cases  there  may  also  be  an  armour  of  similar  type  developed  on  the 
ventral  surface  of  the  body.  The  centra  of  the  vertebrae  are  either 
amphi-  or  procoelous,  and  the  neuro-central  suture  is  persistent. 
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The  cervical  vertebrae  have  double  pedunculate  costal  tubercles, 
situated  one  on  the  centrum  and  the  other  on  the  arch ;  and  the 
cervical  ribs  have  long  processes  projecting  anteriorly  and  pos- 
teriorly, which  completely  prevent  the  head  from  being  turned 
sideways.  In  the  dorsal  region  usually  the  four  anterior  vertebrae 
have  the  transverse  process  for  the  articulation  of  the  tubercle  of 
the  rib  placed  on  the  arch,  while  there  is  a  lower  process,  or  rib- 
facet,  on  the  centrum  for  the  capitulum  of  the  rib ;  but  posteriorly 
this  rib-facet  rises  on  to  the  arch,  and  in  the  middle  dorsals  forms 
a  kind  of  "  step "  on  the  transverse  process,  while  still  more  pos- 
teriorly it  merges  with  the  tubercular  facet.  The  dorsal  ribs  have 
uncinate  processes,  like  those  of  Birds ;  and  the  chevron-bones  of 
the  caudal  region  usually  have  the  upper  limbs  of  the  Y  not  united 


Fig.  1080.— Oblique  left  lateral  and  superior  view  of  the  skull  of  Crocodiltis  palustris  ;  India. 
Much  reduced.  The  small  paired  apertures  to  the  right  are  the  supratemporal  fossae,  in  ad- 
vance of  which  are  the  orbits  communicating  posteriorly  with  the  infratemporal  fossas. 


by  bone.  Normally  the  sacrum  has  but  two  vertebrae.^  The  skull 
(fig.  1080)  is  relatively  large  in  proportion  to  the  body,  and  is 
usually  much  depressed;  its  component  bones  are  firmly  united, 
and  generally  have  a  characteristic  sculpture  on  their  external 
surface.  The  palatines  and  pterygoids  unite  in  the  middle  Hne, 
and  thus  close  the  palate ;  and  very  frequently  one  or  both  of  these 
paired  bones  develop  inferior  plates,  which  meet  beneath  the  narial 
passages  (fig.  1089).  The  quadrate  is  tightly  wedged  m  among 
the  adjacent  bones ;  the  tympanic  cavities  usually  communicate  with 
the  mouth  by  three  eustachian  canals ;  the  mandibular  symphysis 
unites  by  suture;  and  there  are  generally  no  ossifications  in  the 
sclerotic  of  the  eyeball.  There  is  almost  invariably  a  lateral  vacuity 
in  the  mandible  (fig.  1093).    The  teeth  are  always  either  pointed 


As  an  abnormality  three  sacrals  may  be  present. 
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Fig.  1081. — Left  side  of  the  pelvis  of  a  young 
Alligator.  //.Ilium;  /i-,  Ischium  ;  P,  Pubis; 
a,  b,  b.  Acetabulum,  with  its  vacuity ;  F, 
Obturator  notch  ;  t,  *,  Cartilaginous  pro- 
cesses of  the  ischium  and  ilium. 


and  subconical,  or  laterally  compressed.  In  the  sternal  region  the 
sternum  itself  is  cartilaginous  ;  and  there  is  a  bony  interclavicle,  but 

generally  no  clavicle.  In  the 
pelvis  (fig.  1 081)  the  ilium  is 
short  and  deep,  without  distinct 
preacetabular  or  pubic  processes ; 
the  ischium  is  stout,  and  devoid 
of  obturator  process ;  while  the 
pubis  1  is  directed  downwards 
and  forwards,  and  is  frequently 
excluded  from  the  acetabulum. 
In  regard  to  the  pectoral  girdle 
and  limbs,  it  will  suffice  to  say 
that  all  the  bones  are  solid ; 
that  the  coracoid  has  a  fonta- 
nelle,  and  may  be  either  short 
or  long ;  that  in  the  humerus 
and  femur  the  heads  are  im- 
perfectly differentiated,  that  of 
the  latter  being  compressed  and 
placed  very  obliquely  to  the  plane  of  the  condyles ;  while  the  shaft 
of  the  femur  has  no  inner  trochanter.  Moreover,  the  tibia  has  no 
cnemial  crest  at  its  proximal  extremity.  The  habits  of  all  the 
members  of  the  order  are  quadrupedal;  and  the  feet  (fig.  1079) 
are  plantigrade,  those  of  the  hind  limbs  being  partially  webbed. 

The  existing  Crocodiles  present  many  peculiarities  in  regard  to 
the  soft  parts ;  but  since  we  do  not  know  whether  the  same  features 
occurred  in  the  generalised  fossil  forms,  and  cannot  compare  them 
with  extinct  orders,  it  is  unnecessary  to  allude  to  them  further. 

This  order  is  peculiarly  interesting,  not  only  as  containing  the 
on  y  existing  members  of  the  Archosaurian  branch  ;  but  also  since 
it  affords  a  beautiful  example  of  the  gradual  evolution  of  specialised 
characters  as  we  ascend  in  the  geological  scale. 

Suborder  i.  Aetosauria. — This  provisional  suborder  includes 
but  a  single  family,  which  Dr  Baur  places  in  the  Crocodilia,  although 
Professor  Cope  regards  it  as  more  nearly  related  to  the  Rhyncho- 
cephalia,  to  which  it  perhaps  belongs. 

Family  AEXOSAURiDi*:. — This  family  is  typically  represented  by 
the  genus  Aetosaurus,  of  the  Upper  Trias  of  Wiirtemberg ;  a  small 
form  with  Crocodilian  armour  and  limbs,  but  with  the  metatarsals 
much  elongated,  and  approaching  in  many  points  of  its  organisation 
to  the  Theropodous  Dinosauria,  to  which  Professor  Marsh  regards 


1  It  has  been  suggested  that  the  bone  termed  pubis  in  the  Eusuchia  is  really  a 
prepubis. 
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it  as  nearly  related.  Typothorax,  with  pitted  scutes  adherent  to  the 
ribs  is  an  allied  form  from  the  reputed  Trias  of  North  America ; 
which  Professor  Cope  regards  as  foreshadowing  in  its  dermal  skeleton 
the  carapace  of  the  Chelonia. 

Suborder  2.  Parasuchia.— This  extremely  generalised  suborder 
is  confined  to  the  Trias,  or  strata  of  approximately  equivalent  age. 
It  is  characterised  by  the  absence  of  descending  palatal  plates  de- 
veloped from  the  roof  of  the  mouth,  so  that  the  posterior  nares  (fig. 
1083)  open  directly  into  the  latter,  without  the  intervention  of  a 
secondary  passage.  The  vomers  are  seen  on  the  palate  ;  the  middle 
one  of  the  three  eustachian  canals  appears  to  be  wanting  ^ ;  the 
anterior  nares  are  placed  in  the  middle  of  the  cranium ;  and  the 
premaxilte  have  typically  some  twenty-one  teeth,  and  are  produced 
into  a  long  rostrum.  A  clavicle  was  probably  present,  the  coracoid 
was  short  and  rounded  like  that  of  the  Dinosauria ;  while  the  pubis, 
as  in  the  latter,  takes  a  share  in  the  formation  of  the  acetabulum ; 
and  each  foot  was  probably  furnished  with  five  digits.  The  centra 
of  the  vertebrae  are  amphicoelous ;  and  the  dorsal  scutes  have  a 
keel-like  ridge,  and  form  only  two  longitudinal  rows  ;  while  those  of 
the  ventral  buckler  (when  present)  are  arranged  in  not  more  than 
eight  of  such  rows,  and  each  scute  consists  of  a  single  bone.  This 
group  differs  very  widely  from  the  true  Crocodiles,  and  Dr  Baur 
now  appears  to  regard  it  as  a  distinct  order,  under  the  name  of 
Phytosauria. 

Family  Phytosaurid^. — This  family  is  best  known  by  the  type 
genus  Phytosaunis  {Belodoti) ;  originally  described  from  the  Keuper, 


Fig.  1082.— Right  lateral  view  of  the  skull  of  Phytosaunis  cyJindricodon ;  from  the  Ketiper  of 
Wurtemberg.  Much  reduced.  The  vacuities  in  the  cranium  are  the  preorbital,  the  orbit,  and 
the  infratemporal  fossa.    (After  Meyer.) 


or  Upper  Trias  of  Wurtemberg,  but  subsequently  found  in  beds  of 
approximately  equivalent  age  in  both  India  and  North  America. 
In  the  skull  (figs.  1082,  1083)  the  orbit  is  separated  by  a  bony  bar 
from  the  infratemporal  fossa ;  there  is  a  large  preorbital  vacuity, 

1  According  to  Dr  Koken. 
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and  the  supratemporal  fossa  is  exceedingly  small.  The  nasals 
reached  the  premaxillae  and  completely  surrounded  the  nares— thus 
presentmg  a  feature  unknown  in  any  other  vertebrate;  while  the 
orbits  were  somewhat  irregular  in  contour,  and  directed  in  part 
laterally,  and  in  part  frontally.    The  teeth  are  sharp  and  pointed, 


Fi^.  1083.— Frontal  and  palatal  aspects  of  the  cranium  of  Phytosaunts  cylindricodon.  The 
anterior  vacuities  in  the  upper  figure  are  the  anterior  nares,  and  the  slits  in  the  lower  figure 
are  the  posterior  nares.    (After  Meyer.) 


with  serrated  antero-posterior  ridges  (caringe) ;  and  in  the  anterior 
part  of  the  jaw  (fig.  1084)  are  subcircular  in  transverse  section, 
but  posteriorly  are  laterally  compressed.  There  was  no  ventral 
armour.    In  the  apparently  nearly  allied  Stagonokpis,  of  the  Upper 

Trias  (Keuper)  of  Elginshire,  there 
was,  however,  a  well-developed  ventral 
dermal  armour ;  the  teeth  were  blunt 
and  swollen ;  and  the  pattern  of  the 
cc!^:^^i^°\^''r:^'^  sculpture  on  the  dorsal  scutes  was 
South  Carolina.  Reduced.  different.     This  genus  was  originally 

founded  upon  the  evidence  of  these 
scutes,  which  were  thought  to  have  belonged  to  a  Ganoid  Fish. 
The  name  Episcoposaurus  has  been  applied  to  a  North  American 
Triassic  form  which  is  regarded  by  Professor  Cope  as  allied  to 
Phytosaurus. 

Family  PARASUCHiDiE. — The  single  genus  Parasuchus  occurs 
in  the  same  lower  Mesozoic  horizon  (Maleri  beds)  in  India  which 
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yields  the  remains  of  Fhytosauriis,  and  is  very  imperfectly  known. 
It  differs  from  the  preceding  family  by  the  structure  of  the  ventral 
part  of  the  basioccipital,  which  approximates  to  the  Rhynchoceph- 
alian  type. 

Suborder  3.  Eusuchia.— This  suborder  is  taken  to  comprise 
all  the  post-Triassic  Crocodilia.  These  were,  indeed,  originally 
divided  into  two  suborders,  but  subsequent  researches  have  shown 
that  they  are  so  closely  connected  as  to  render  such  division  inad- 
visable. In  all  these  forms  the  premaxillae,  maxillae,  and  palatines 
develop  inferior  palatal  plates  meeting  in  the  middle  line  beneath 
the  narial  passage,  and  thus  completely  separating  the  latter  from 
the  mouth,  and  causing  the  formation  of  secondary  posterior  nares, 
which  in  some  instances  are  situated  immediately  behind  the  pala- 
tines, but  in  others  (as  in  the  figure  of  Crocodilus  given  on  page 
1 192),  owing  to  the  development  of  similar  plates  by  the  pterygoids, 
behind  the  latter  bones.  The  object  of  this  peculiar  arrangement 
is  to  enable  these  animals  to  drown  their  prey  by  holding  it  in  their 
open  mouths  under  water,  which  is  thus  entirely  prevented  from 
entering  the  air  passages.  A  gradual  evolution  of  this  structural 
feature  can  be  traced  from  the  last  suborder,  where  it  is  entirely 
wanting,  to  the  generalised,  and  thence  to  the  most  specialised, 
members  of  this  division.  Other  characteristic  features  are  found 
in  the  terminally-situated,  and  usually  undivided,  nares;  in  the 
non-appearance  of  the  vomers  on  the  palate ;  in  the  bony  middle 
eustachian  canal;  and  the  presence  of  not  more  than  four  or 
five  teeth  in  the  premaxills.  There  is  no  clavicle;  the  coracoid 
is  much  elongated;  the  pubis  is  entirely  excluded  from  the  ace- 
tabulum (fig.  1081) ;  and  there  are  five  digits  in  the  manus  and  four 
in  the  pes  (fig.  1079).  This  suborder  may  be  divided  into  two 
series  according  to  the  development  or  non-development  of  palatal 
plates  by  the  pterygoids,  and  the  form  of  the  vertebrae. 

The  occurrence  in  all  the  groups  of  the  Eusuchia  of  long-jawed  and 
short-jawed  forms  is  so  suggestive  of  the  direct  origin  of  the  existing 
Gharials  from  long-jawed  Mesozoic  types,  and  of  the  Crocodiles  and  Alli- 
gators from  short-jawed  forms  of  the  same  epoch,  that  Dr  Koken  adopts 
this  view,  and  divides  the  families  according  to  this  grouping.  There  is, 
however,  considerable  difficulty  in  accepting  this  view,  since  it  would 
appear  unlikely  that  all  the  modem  Crocodilians  would  have  attained 
such  a  similarity  in  cranial  and  vertebral  characters  if  they  had  totally 
different  origins. 

A.  Amphiccelian  Series. — In  this  the  more  generalised  series 
the  centra  of  the  vertebrae  are  usually  amphicoelous ;  the  pterygoids 
do  not  develop  palatal  plates ;  and  the  dorsal  scutes  are  usually 
arranged  in  only  two  longitudinal  rows,  and  are  keel-less.  The 
ventral  buckler  is  generally  divided  into  an  anterior  and  a  posterior 
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portion,  but  may  be  single ;  while  in  the  transverse  rows  of  this 
buckler  the  scutes  always  imbricate  anteriorly,  but  in  the  posterior 
part  usually  articulate  by  suture;  each  scute  being  invariably  com- 
posed of  a  smgle  piece  of  bone. 

It  may  be  incidentally  mentioned  here  that  while  in  the  anterior 
region  of  the  ventral  buckler  of  all  Crocodiles  the  component  scutes 
of  each  transverse  row  articulate  together  by  suture  with  those  on 
either  side,  yet,  as  will  be  gathered  from  the  foregoing  characters 
in  the  posterior  portion  of  the  same  buckler  in  the  present  series 
the  articulation  of  the  different  transverse  rows  with  one  another 
may  be  either  by  suture,  or  by  imbricating  like  the  tiles  on  a  roof 

The  present  series  ranges  in  time  from  the  Lias  to  the  Lower 
and  Middle  Cretaceous,  and  is  especially  characteristic  of  the 
European  strata. 

Family  Teleosaurid^.— The  members  of  this  family  are  readily 
distinguished  from  the  more  specialised  forms  by  the  circumstance 
that  the  supratemporal  fossae  are  always  much  superior  in  size  to 
the  orbits,  and  that  the  latter  are  completely  separated  by  a  bony 
bar  from  the  infratemporal  fossae;  both  these  features  being  well 
shown  in  the  accompanying  figure  of  the  cranium  of  Steneosaurus. 
In  front  of  the  orbit  there  is  always  a  well-marked  vacuity  (not 


Fig.  1085.— Upper  view  of  the  cranium  of  Steneosaurus  Heberti;  from  the  Oxford  Clay  of 
France.  Much  reduced.  The  bones  on  the  right  side  of  the  rostrum  are  imperfect,  and  there 
should  have  been  a  line  connecting  the  apex  of  the  frontals  with  the  suture  dividing  the  maxillae. 
The  large  vacuities  behind  the  orbits  are  the  supratemporal  fossae,  below  which  are  the  infra- 
temporal fossae. 


shown  in  the  figure) ;  the  dorsal  scutes,  when  present,  are  rounded, 
and  arranged  in  two  longitudinal  rows ;  while  the  ventral  buckler  is 
divided,  and  the  component  scutes  of  the  posterior  transverse  rows 
are  united  by  suture.  The  axis  vertebra  carries  two  facets  for  its 
rib,  as  in  Dinosaurs.  The  members  of  this  family  were  of  marine 
habits,  and  range  throughout  the  Lias  and  Jurassic  system  of 
Europe.    They  may  be  divided  into  two  subfamilies. 

In  the  subfamily  Teleosaurince  the  skull  is  generally  produced  into 
a  long  slender  rostrum,  like  that  of  the  existing  Gharial ;  the  nasals 
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are  separated  by  a  long  interval  from  the  premaxillae ;  the  orbits  are 
of  regular  contour,  and  directed  more  or  less  completely  frontally ; 
while  the  nares  look  more  or  less  anteriorly.  The  dermal  armour 
is  fully  developed,  and  sclerotic  plates  were  not  present  m  the  eye. 
The  type  genus  Teleosaurus  comprises  small  or  medium-sized  species, 
and  is  readily  characterised  by  the  teeth  being  inclined  horizontally 
outwards,  and  extremely  numerous.  It  is  confined  to  the  Lower 
Jurassic,  and  is  abundant  in  the  Stonesfield  slate  of  Oxfordshire, 
and  the 'nearly  equivalent  beds  of  Caen,  in  Normandy.  The  most 
abundant  genus  is,  however,  Steneosaurus  (fig.  1085),  in  which 
Mystriosaunis  may  be  included,  characterised  by  the  elongated 
snout,  the  nearly  vertical  direction  of  the  teeth,  and  the  large  size 
of  the  supratemporal  fossae,  which  in  some  species  attain  enormous 
dimensions.  In  the  Liassic  forms,  separated  generically  by  some 
writers  as  Mystriosaunis,  the  orbits  are  somewhat  oblique,  and  the 
supratemporal  fossae  are  never  excessively  large ;  but  in  the  numer- 
ous species  of  the  Lower  and  Middle  (Oxford  Clay)  Jurassic  the 
direction  of  the  orbits  is  entirely  frontal,  and  the  supratemporal 
fossEB  are  very  large.  In  the  figured  S.  Heberti,  of  the  Lower  part 
of  the  Oxford  Clay,  the  skull  is  somewhat  intermediate  in  these 
respects ;  the  orbits  being  slightly  obhque,  and  the  supratemporal 
foss«  large.  This  genus  does  not  appear  to  have  survived  above 
the  Kimeridge  Clay.     In  Pelagosaurus  (fig.  1086)  we  have  an 


Fig.  1086.— Right  lateral  view  of  the  skull  of  Pelagosaurus  tyfus ;  from  the  Upper  Lias  of 
Normandy.    Reduced.    T,  Supratemporal  fossa  ;  O,  Orbit. 

allied  genus,  represented  only  by  two  species  of  Liassic  age  ;  it  is 
distinguished  from  the  preceding  by  several  characters ;  but  more 
especially  the  form  of  the  posterior  nares,  and  the  smaller  and 
rounded  supratemporal  fossae.  The  remains  of  the  small  F.  iypus 
are  especially  abundant  in  the  Upper  white  Lias  of  Normandy,  and 
the  marvellously  perfect  preservation  of  some  of  the  skeletons  has 
enabled  the  bony  anatomy  of  this  species  to  be  as  completely 
studied  as  in  the  case  of  an  existing  form.  In  Machifnosaurits,  of 
the  Kimeridge  Clay  (Upper  Jurassic)  of  both  England  and  the 
Continent,  and  Teleidosaurus,  of  the  Fullers'  Earth  (Lower  Jurassic) 
of  Normandy,  we  have  two  genera  in  which  the  skull  becomes  much 
shorter  and  broader,  the  teeth  stouter  and  less  numerous,  and  the 
orbits  more  oblique ;  and  which  thus  connect  the  present  with  the 
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next  subfamily.  Machimosaurm,  which  occurs  both  in  France  and 
H^ngland,  is  the  largest  member  of  the  order,  the  length  of  the 
mandible  exceeding  50  inches;  the  skull  has  been  referred  to 
Phosaurus.  The  teeth  closely  resemble  those  of  Goniopholis 
having  conical  and  deeply  fluted  crowns.  ' 

With  the  second  subfamily,  or  Metriorhynchina,  we  come  to  a 
very  remarkable  group  of  Crocodiles,  presenting  certain  specialised 
features  unknown  elsewhere  in  the  entire  order.  The  skull  (fig 
1087)  is  either  of  moderate  length  or  comparatively  short;  the 
nasals  are  either  in  contact  with  the  premaxilte,  or  separated  there- 
from by  a  short  interval ;  the  nares  are  directed  frontally ;  the  orbits 
are  of  very  irregular  contour,  and  placed  completely  on  the  sides  of 
the  skull;  and  the  teeth,  which  are  never  very  numerous,  are 
always  of  considerable  size,  and  directed  more  or  less  nearly 


Fig.  loSj.—The  CTamum  ot  Meirt'or/tync/tus  hasli/er ;  from  the  Kimeridge  Clay  of  Normandy 
One-sixth  natural  size.  j>mx,  Premaxilla  ;  mx,  Maxilla  ;  na,  Nasal ;  a,  Prefrontal :  /r.  Frontal  " 
or,  Orbit.    (After  Deslongchamps.) 


vertically,  while  there  is  no  vacuity  in  the  mandible.  The  most 
remarkable  features  of  the  group  are,  however,  the  development 
of  a  ring  of  bony  plates  in  the  sclerotic  of  the  eye,  and  the 
general  or  universal  absence  of  a  dermal  armour.  It  is,  indeed, 
very  curious  to  notice  the  correlation  of  these  two  features,  since 
there  is  no  known  instance  of  the  presence  of  both  sclerotic  plates 
and  of  dermal  scutes  in  any  reptile.  The  pelvis  of  this  subfamily  is 
also  worthy  of  notice.  Thus  the  ilia  are  very  small  subtriangular 
bones  articulating  with  long  and  downwardly  curved  sacral  ribs ; 
while  the  ischia  are  enormously  large,  with  the  shape  of  an  isosceles 
triangle.  This  presents  a  remarkable  contrast  to  Steneosaurus,  where 
the  sacral  ribs  are  straight  and  directed  outwards,  while  the  ilium  is 
larger,  with  a  considerable  portion  projecting  above  the  costal  artic- 
ulation. In  the  genus  Metriorhyfichus  the  skull  (fig.  1087)  is  of 
moderate  length,  and  frequently  somewhat  slender,  with  the  frontal 
region  slightly  sculptured ;  there  is  a  more  or  less  well-marked  pre- 
maxillary  expansion ;  the  prefrontals  {a)  are  very  large,  and  over- 
hang the  orbits ;  while  the  teeth  are  curved  and  carinated,  with  the 
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enamel  generally  fluted  at  the  base  of  the  crown,  but  without  ser- 
rations on  the  carina.  The  pectoral  limbs  are  extremely  srnall. 
This  genus  ranges  from  the  Oxford  Clay  to  the  Portland  Oolite. 

In  the  Oxford  Clay  and  Kelloway  rock,  both  of  the  Continent 
and  England,  we  meet  with  M.  superciliosus  and  M.  moreh,  which 
are  readily  distinguished  by  the  sculpturing  of  the  frontals  and 
the  form  and  relations  of  the  prefrontals.  Beautiful  examples 
of  this  genus  occur  in  the  Oxford  Clay  near  Peterborough,  which 
exhibit  the  absence  of  dermal  scutes  ;  a  skull  from  this  locahty, 
to  which  the  name  Steneosaurus  dasycephalus  has  been  applied, 
may  be  referred  to  M.  superciliosus.  The  Portlandian  form  was  de- 
scribed as  Steneosaurus  gracilis.  It  is  probable  that  Gnathosaurus 
and  Rhacheosaurus  are  synonyms.  The  most  specialised  genus  is 
Geosaurus  {Cricosaurus  or  Dacosaurus),  in  which  the  skull  is  com- 
paratively short,  and  is  devoid  of  frontal  sculpture,  and  also  of  the 
premaxillary  expansion;  while  the  teeth  (fig.  1088)  are  compressed, 
smooth,  and  carinated,  with  distinct  serrations  on  the  carina.  The 
type  species,  which  occurs  in  the  Lower  Kimeridgian  of  Bavaria, 


Fig.  1088. — CrowTi  of  tooth  of  Geosaurus  maximus ;  from  the  Kimeridge  Clay  of  Ely. 
(After  Wood-Mason.) 

and  is  of  comparatively  small  size,  was  long  thought  to  belong 
to  the  Mosasaurida.  A  much  larger  form,  occurring  in  the 
Kimeridge,  and  perhaps  the  Oxford,  Clay  of  England  and  the 
corresponding  beds  of  the  Continent,  has  been  described  under 
the  name  of  Dacosaurus,  but  can  be  only  specifically  distinguished 
from  the  type.  A  tooth  is  shown  in  the  accompanying  woodcut. 
It  is  not  improbable  that  vertebrae  from  the  Lower  Greensand  of 
Germany,  described  under  the  name  of  Enaliosuchus,  indicate  a 
closely  allied  form. 

As  members  of  this  family,  of  which  the  serial  position  is  uncer- 
tain, may  be  mentioned  small  forms  respectively  from  the  Kimerid- 
gian of  Bavaria  and  France,  to  which  the  names  y£olodon  and 
Crocodilcemus  have  been  applied,  both  of  which  have  a  dermal 
armour;  the  ventral  shield  consisting  of  a  number  of  small  and 
closely-joined  scutes.  In  the  type  of  ^olodon  these  scutes  are  only 
slightly  pitted,  and  the  teeth  alternate  in  size. 

Family  GoNioPHOLiDiDiE. — The  members  of  this  family  resemble 
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existing  Crocodiles  in  having  an  open  channel  connecting  the  infra- 
temporal fossa  with  the  orbit.  The  orbits  themselves  are  more- 
over, usually  but  slightly  smaller  than  the  supratemporal  fossae  or 
only  exceed  them  but  little  in  size;  while  there  is  no  preorbital 
vacuity.  The  dorsal  scutes  are  rectangular,  and  may  be  arranged 
either  in  two  or  in  several  longitudinal  rows;  while  the  ventral 
armour  may  form  either  a  single  or  a  double  buckler,  in  which  the 
posterior  transverse  rows  of  scutes  may  either  imbricate  or  articulate 
by  suture.  The  members  of  this  family  inhabited  freshwaters  and 
they  range  in  time  from  the  Purbeck  (Upper  Jurassic)  to  the  Weal- 
den  (Lower  Cretaceous),  and  not  improbably  also  to  the  Upper 
Greensand.  Nearly  all  the  known  forms  are  European,  but  one 
genus  which  may  belong  to  this  family  is  American ;  and  the  family 
is  probably  also  represented  in  the  Cretaceous  of  India.  Three 
subfamily  divisions  have  been  proposed,  but  before  discussing  these 
we  may  allude  to  the  genera  Suchosaurus  of  the  English  Wealden, 
and  Hyposaurus  of  the  Cretaceous  of  North  America  and  Brazil^ 
which  not  improbably  belong  to  this  family,  although  their  precise 
affinities  are  not  yet  satisfactorily  determined.  The  type  of  the 
former  genus  is  of  very  large  size,  and  has  the  teeth  greatly  com- 
pressed ;  while  in  the  latter  the  posterior  teeth  are  of  this  type,  but 
the  anterior  ones  are  rounded  like  those  of  Goniopholis,  and  the 
symphysis  of  the  mandible  is  elongated. 

The  first  subfamily,  or  Petrosuchince,  is  very  imperfectly  known, 
and  is  represented  only  by  the  genus  Fefrosuchus,  of  the  English 
Purbeck  beds,  in  which  the  posterior  nares  are  placed  near  the 
middle  of  the  skull,  as  in  many  of  the  Tekosauridce,  and  the  orbits 
are  considerably  smaller  than  the  supratemporal  foss£B.  The 
cranium  itself  is  of  moderate  length. 

The  members  of  the  second  subfamily,  or  Goniopholidina,  have 
the  posterior  nares  placed  more  posteriorly  than  in  the  preceding 
group ;  while  there  are  two  longitudinal  rows  of  dorsal  scutes ;  and 
the  ventral  buckler  is  divided,  with  the  transverse  rows  of  scutes  in 
the  posterior  portion  articulating  by  suture.  In  the  first,  or  Longi- 
rostrine,  section  of  this  subfamily  the  skull  is  elongated  like  that  of 
the  existing  Gharial ;  the  nasals  do  not  reach  the  nares,  the  splenial 
bone  enters  into  the  mandibular  symphysis,  and  the  teeth  are 
numerous,  and  all  nearly  similar  in  size.  It  is  represented  only  by 
Pholidosaurus  {Macrorhynchus)  of  the  German  and  English  Weal- 
den. In  the  Brevirostrine  section,  on  the  other  hand,  the  skull  is 
short,  like  that  of  the  true  Crocodiles,  the  nasals  sometimes  reach 
the  nares,  the  splenial  enters  but  very  slightly  into  the  symphysis  of 
the  mandible,  and  some  of  the  teeth  are  much  larger  than  the 
others.  The  dorsal  scutes  present  the  peculiarity  of  articulating 
with  one  another  by  means  of  a  peg  at  one  angle  which  fits  into  a 


ORDER  CROCODILIA. 


I  191 


socket  in  the  adjacent  scute  ;  an  arrangement  very  similar  to  that 
obtaining  in  the  scales  of  certain  Ganoid  fishes.  The  genus  Gofiio- 
pholis  is  very  characteristic  of  the  Wealden  and  Purbeck,  and  has  a 
cranium  of  moderate  length,  with  the  nasals  not  reaching  the  nares, 
and  the  orbits  rather  smaller  than  the  supratemporal  fossae.  The 
type  species  attained  very  large  dimensions,  and  was  long  since 
made  known  to  the  world  by  the  late  Dr  Mantell,  under  the  name 
of  the  Swanage  Crocodile ;  its  blunt  and  grooved  teeth,  and  charac- 
teristic scutes,  being  comparatively  common  in  the  Wealden  stone 
quarries  of  Sussex.  This  genus  has  been  recently  recorded  from 
the  Jurassic  of  North  America,  where  it  had  been  previously  de- 
scribed as  Amphicotyliis.  AUied  but  considerably  smaller  forms 
from  the  Dorsetshire  Purbeck  constitute  the  genera  Nannosuchus 
and  Oweniasuchus  {Brachydectes).  The  most  specialised  genus, 
however,  appears  to  be  the  minute  Theriosuchus  of  the  Purbeck, 
which,  in  having  the  orbits  slightly  larger  than  the  supratemporal 
fossae,  approximates  to  the  next  subfamily,  although  retaining  the 
pegged  dorsal  scutes  of  Goniopholis.  The  nasals  in  this  genus  reach 
and  partly  divide  the  nares,  as  in  the  true  Crocodiles ;  and  we  thus 
have  a  comparatively  close  approximation  to  existing  forms,  which 
is  rendered  still  more  manifest  by  the  members  of  the  next  group. 

In  the  genus  Bertiissartia,  of  the  Belgian  Wealden,  which  forms 
the  type  of  the  subfamily  Bernissartiince,  the  skull  is  comparatively 
short  and  broad,  and  has  the  posterior  nares  placed  very  close  to 
the  occipital  condyle ;  while  the  orbits  are  decidedly  larger  than  the 
supratemporal  fossae.  Like  existing  Crocodiles,  these  reptiles  were 
provided  with  more  than  two  longitudinal  rows  of  dorsal  scutes 
(which  have  no  peg-and-socket) ;  while  their  ventral  buckler  is  un- 
divided, and  has  the  transverse  rows  of  scutes  imbricating  throughout. 
The  resemblance  to  existing  forms  being  completed  by  the  pectoral 
limbs  being  considerably  shorter  than  the  pelvic  pair.  The  verte- 
brse,  however,  still  retained  the  primitive  amphicoelous  character. 
It  seems  probable,  from  the  position  of  the  posterior  nares,  that  the 
imperfectly  known  genus  HylaochaiJipsa,  from  the  English  Wealden, 
is  a  closely  allied  form  of  rather  larger  dimensions ;  and  it  is  not 
unlikely  that  certain  procoelous  vertebrae  from  the  same  formation 
which  have  been  described  under  the  name  oi Heterosuchus  maybe- 
long  to  this  form  ;  while  others  from  the  Cambridge  Greensand  and 
the  Greensand  of  Austria,  which  have  been  referred  to  Crocodiliis, 
may  also  indicate  allied  reptiles,  although  there  is  a  possibility  that 
the  owners  of  these  vertebrae  belonged  to  the  next  series.  It  will 
thus  be  seen  that  if  Hylmochampsa,  or  an  allied  form,  had  such  pro- 
coelous vertebrae,  it  would  only  require  the  development  of  palatal 
plates  to  the  pterygoids  to  convert  it  into  a  Crocodilian  of  the 
modern  type ;  and  it  is  highly  probable  that  such  a  form  once  ex- 
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isted,  since  it  is  most  unlikely  that  the  change  from  amphicc^lous 
to  proccelous  vertebrae  took  place  precisely  at  the  same  time  as  the 
pterygoids  developed  palatal  plates.  On  the  other  hand  there  is  an 
equal  prima  facie  probability  that  these  two  changes  may  have 
occurred  in  the  reverse  order  to  that  indicated  above. 

B.  Proccelian  Series.— In  this  series  the  vertebrae,  with  the 
are  proccelous  ;  the  pterygoids  develop  palatal 
the  narial  passage  (fig.  1089)  ;  and  all  the 
eustachian  canals  are  enclosed  in 
bone.  The  dorsal  scutes  are,  more- 
over, always  arranged  in  more  than 
two  longitudinal  rows ;  and  when 
there  is  a  ventral  buckler  it  is  un- 
divided, and  invariably  consists  of 
more  than  eight  rows  of  imbricating 
scutes,  in  which  each  scute  is  com- 
posed of  two  separate  pieces  of  bone. 
The  axis  vertebra  differs  from  that  of 
the  TekosauridcB,  in  having  no  costal 
articulations ;  its  rib  having  been 
shifted  forward  on  to  the  centrum  of 
the  atlas,  or  odontoid  process. 

Family  CROCODiUDiE. — All  the 
sufficiently  known  members  of  this 
series  may  be  included  in  a  single 
family,  which  agrees  with  the  Gofiio- 
pholididce  in  the  free  communication 
of  the  infratemporal  fossa  with  the 
orbit,  which  is  considerably  larger 
than  the  supratemporal  fossae.  This 
family  is  first  definitely  known  from 
the  Upper  Cretaceous,  and  contin- 
ues to  the  present  day,  being  repre- 
sented in  the  freshwaters  of  most 
of  the  warmer  regions  of  the  globe. 
If,  however,  the  proccelous  vertebras 
from  the  Greensand  and  Wealden 
present  family,  it  will  date  from,  the 
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Fig.  1089. — Palatal  aspect  of  the  cranium 
of  Crocodilus.  Reduced.  Pmx,  Premax- 
illa;  M,  maxilla;  PI,  Palatine;  Ts,  Trans- 
verse ;  Pt,  Pterygoid ;  y^,  Jugal ;  Qf, 
Quadratojugal ;  Qu,  Quadrate;  Oh,  Basi- 
occipital ;  Cocc,  Occipital  condyle  ;  Orb, 
Orbit ;  Ch,  Posterior  nares. 

mentioned  in  the  last  series 
really  indicate  members  of  the 
latter  horizon.    The  form  of  the  skull  affords  grounds  for  two  sec- 
tional divisions. 

The  Longirostrine  section  is  represented  at  the  present  day  only 
by  the  true  Gharial  {Garialis)  of  the  Ganges,  and  Schlegel's  Gharial 
of  Borneo.  The  skull  is  produced  into  a  long  narrow  rostrum  (fig. 
1091),  with  the  dental  borders  nearly  straight;  the  nasals  never 
extend  to  the  anterior  nares,  and  are  frequently  separated  from  the 
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premaxillte;  the  supratemporal  fosste  are  of  somewhat  large  size, 
and  sometimes  exceed  the  orbits  in  this  respect ;  while  the  mandi- 
bular symphysis  is  very  long,  and  embraces  the  anterior  portion  of 
the  splenial  bone.  The  teeth  are  always  numerous,  and  are  only 
slightly  unequal  in  size ;  and  neither  of  the  existing  species  is  pro- 
vided with  a  ventral  armour.  In  this  group  Rha77iphosuchus,  of  the 
Pliocene  of  the  Siwalik  Hills  of  India,  was  a  gigantic  form  probably 
between  fifty  and  sixty  feet  in  length,  and  characterised  by  the  stout- 
ness of  the  teeth,  of  which  the  upper  series  bites  on  the  outer  side 
of  the  lower,  as  in  the  Alligators,  instead  of  interlocking  with  them 
as  in  other  members  of  this  group.  In  Thoj-acosaurus,  again,  of 
the  Cretaceous  of  North  America,  we  have  a  genus  remarkable  for 
retaining  the  preorbital  vacuity  of  the  Teleosaurida,  and  in  having 
the  supratemporal  fossa  larger  than  the  orbit ; 
both  these  features  apparently  pointing  to  the 
direct  descent  of  this  genus  from  the  last-named 
family,  without  having  passed  through  the  inter- 
mediate stage  of  the  GoniopholididcB.  The  exist- 
ing Indian  Garialis  gangeticus,  of  which  the  den- 
tal succession  is  shown  in  fig.  1090,  is  one  of  the 
existing  species  of  Reptiles  of  which  remains  are 
found  in  the  Pliocene  of  the  Siwalik  Hills.  The 
same  deposits  have  also  yielded  two  more  or  less 
nearly  allied  extinct  species ;  while  in  the  some- 
what older  beds  of  Sind  there  occur  two  other 
species  differing  considerably  in  the  form  of  the 
orbit  and  other  cranial  characters  from  the  existing 
representative  of  the  genus.  One  of  these  extinct 
species  {G. pachyrhynchus)  a^^Y'^tLr?,  to  have  attained 
dimensions  fully  equal  to  those  of  Rhai7iphosuchus. 
Another  Gharialoid  provisionally  referred  to  the 
present  genus  occurs  in  the  Middle  Eocene  of 
Bracklesham,  in  Sussex;  while  species  from  the 
Cretaceous  of  North  America,  which  have  been 
described  under  the  generic  name  of  Holops,  may 
prove  to  be  allied  either  to  the  present  or  to  the 
next  genus.  In  Tojntstotna,  typically  represented 
by  the  existing  T.  Schlegeli  of  Borneo,  may  be  in- 
cluded the  fossil  forms  described  under  the  names 
of  Melitosaurus  and  Garialosuchus  (fig.  1091). 
readily  distinguished  from  Garialis  by  the  circumstance  that  the 
nasals  extend  forwards  to  articulate  with  the  premaxillse  (fig.  1091), 
instead  of  being  separated  from  them  by  a  long  interval.  A  large 
fossil  form  {Melitosaurus)  occurs  in  the  Miocene  of  Malta,  and  a 
smaller  {Garialosuchus)  in  that  of  Austria.     Another  Gharialoid, 


Fig.  logo.  —  Teeth 
of  Garialis  gangeti- 
cus, showing  succes- 
sion of  germs  (b,  c) 
beneath  the  tooth  in 
use(a).  (After Owen.) 


This  genus  is 
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from  the  Upper  Cretaceous  of  France  and  Maastricht,  originally  de- 
scribed as  Garialis  macrorhynchus,  has  also  been  provisionally  in- 
cluded in  the  same  genus.    This  form  is,  however,  referred  by 


Dr  Koken  to  Thoracosaurus,  although  it  has  no  preorbital  vacuity, 
and  the  nasals  reach  the  premaxilte.  It  appears  to  connect  the 
typical  Thoracosaurus  with  the  existing  Tomistotna.    Finally,  the 


Fig.  1092. — Oblique  left  lateral  and  superior  view  of  skull  of  Crocodilus  palustris ;  India. 
Much  reduced.  The  two  small  vacuities  to  the  right  are  the  supratemporal  fossa;  those  in 
advance  are  the  orbits,  while  the  single  vacuity  to  the  left  is  the  nares  ;  the  bones  in  advance  of 
the  latter  are  the  premaxillEe,  and  those  behind  the  nasals. 


imperfectly  known  Thecachampsa^  from  the  Miocene  of  North 
America,  should  probably  be  placed  in  the  present  group. 

The  second,  or  Brevirostrine  section,  includes  the  true  Crocodiles 
and  Alligators,  and  is  characterised  by  having  the  skull  short,  or 
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moderately  elongated,  with  its  dental  borders  thrown  into  distinct 
festoons  (fig.  1092);  by  the  nasals  always  reaching  the  premaxillae, 
and  frequently  extending  down  to  the  anterior  nares  (as  in  fig.  1092); 
and  also  by  the  orbits  being  always  larger  than  the  supratemporal 
fossEe.  The  short  symphysis  of  the  mandible,  from  which  the 
splenial  element  is  entirely  excluded  (fig.  1093),  is  another  striking 
feature.  The  teeth,  moreover,  vary  in  size  in  different  parts  of  the 
jaws ;  and  usually  the  third  and  ninth  in  the  upper,  and  the  fourth, 
and  frequently  also  the  first  and  eleventh,  in  the  lower  jaw  (fig. 


Fic  loQT  —Inner  view  of  the  left  ramus  of  the  mandible  of  a  Crocodile.   Reduced,   an  Angular ; 
or,  Articular;  co,  Coronoid  ;  d,  Dentary ;     splenial ;  su,  Surangular;  sy,  Symphysis. 


1093),  are  considerably  larger  than  any  of  the  rest.  In  the  type 
genus  Crocodiliis  the  upper  and  lower  teeth  mutually  interlock  ;  the 
first  lower  tooth  bites  into  a  perforation  or  a  pit  in  the  cranium, 
and  the  fourth  into  a  lateral  notch  ;  while  the  third  lower  tooth  is 
small.  There  is,  moreover,  no  ventral  armour.  This  genus  is  now 
distributed  over  nearly  all  the  warmer  regions  of  the  globe,  and  it 
appears  to  have  had  an  equally  extensive  distribution  in  Tertiary 
times. 

The  earliest  representative  of  this  genus  seems  to  be  C.  Spenceri,  o{ 
the  Lower  Eocene  of  both  England  and  Italy,  which  was  a  species  with 
a  comparatively  long  muzzle  like  that  of  the  living  American  C.  interme- 
dins. The  genus  is  also  represented  in  the  Middle  Tertiaries  of  Europe 
and  North  America.  In  the  Pleistocene  of  Queensland  we  meet  with 
remains  of  the  existing  C.  porosiis  (fig.  1079),  which  now  ranges  from 
Australia  to  Eastern  India  ;  while  in  the  Pliocene  of  the  Siwalik  Hills  of 
India  there  occur  species  closely  allied  to  the  short-snouted  C.  palust-ris 
(fig.  1092)  of  that  country,  which  makes  the  nearest  approach  in  cranial 
characters  to  the  Alligators  and  their  allies. 

Diplocynodon  is  an  extinct  genus  found  in  the  Tertiaries  of  both 
Europe  and  North  America,  which  presents  characters  intermediate 
between  Crocodiliis  and  Alligator.  Thus  the  cranium  (fig.  1094)  is 
very  short  and  broad ;  the  upper  teeth  bite  on  the  outer  side  of  the 
lower;  the  fourth  lower  tooth  is  normally  received  into  a  notch 
(but  occasionally  into  a  pit)  in  the  cranium  ;  the  third  lower  tooth 
is  as  large  as  the  fourth ;  and  there  is  a  complete  ventral  armour. 
In  Europe  this  genus  ranges  from  the  Upper  Eocene  to  the  Lower 
Miocene  (Upper  Oligocene),  and  is  common  in  the  Tertiaries  of  the 
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south  of  England,  and  also  in  those  of  France  and  Germany ;  some 
of  the  spec.es  from  the  latter  deposits  having  been  described  as 
Alligator.  The  genus  has  also  been  recorded  from  the  Upper 
Eocene  of  North  America.  The  last,  and  in  respect  of  cranial 
characters  the  most  specialised,  group  of  Crocodiles  is  now  divided  ^ 
into  the  two  genera  Caiman  and  Alligator.  In  these  forms  both 
the  first  and  the  fourth  lower  tooth  are  received  into  pits  in  the 
upper  jaw,  so  as  to  be  concealed  when  the  mouth  is  closed  ■  the 
upper  teeth  bite  on  the  outer  side  of  the  lower  ones ;  the  supratem- 
poral  foss«  are  very  small,  and  are  occasionally  obliterated ;  and 
the  third  lower  tooth  is  smaller  than  the  fourth.  Caiman  is  dis- 
tmguished  by  the  presence  of  a  ventral  armour,  and  also  by  the 
circumstance  that  the  nasals  do  not  extend  across  the  nares ;  and 


Fig.  1094.— Oblique  left  lateral  and  palatal  view  of  the  facial  part  of  the  cranium  of  Diplocynotion 
kantomensis ;  from  the  Upper  Eocene  of  Hampshire.  Reduced. 

is  now  confined  to  Central  and  South  America.  In  Alligator,  on 
the  other  hand,  which  occurs  at  the  present  day  in  North  America 
and  China,  the  ventral  armour  is  absent  or  extremely  thin,  and  the 
nasals  extend  forwards  so  as  to  divide  the  narial  aperture.  Remains 
which  are  probably  referable  to  Caiman  occur  in  the  Pleistocene 
cave-deposits  of  Brazil ;  but  it  does  not  appear  that  there  is  any 
certain  evidence  of  fossil  species  of  Alligator ;  the  European,  and 
probably  some  of  the  North  American  forms  which  have  been  re- 
ferred to  that  genus,  belonging  to  Diplocynodon.  Finally,  the  name 
Isselosaurus  has  been  recently  applied  to  Crocodilian  remains  from 
the  Middle  Eocene  of  France  which  may  really  belong  to  one  of  the 
above-mentioned  genera. 

Order  X.  Ornithosauria. — The  Pterodactyles,  as  the  mem- 
bers of  this  extinct  order  are  commonly  termed,  are  among  the 
most  remarkable  and  strange  Reptilian  forms  that  Paleontology  has 

^  According  to  the  arrangement  adopted  by  Mr  Boulenger  in  his  British 
Museum  Catalogue  of  this  order. 
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yet  revealed  to  us.    So  strange,  indeed,  are  they  that  some  autho- 
rities have  considered  that  the 

Ornithosaurs  are  entitled  to  rank 

as  a  distinct  class;  but  they  are 

essentially  Reptiles,  and  agree  in 

their  intrinsic  characters  with  the 

other  two  orders  placed  in  the 

branch  now  under  consideration. 

All  their  organisation  is,  however, 

modified  for  the  purpose  of  flight 

through  the  air.    Thus  the  body 

was  supported  during  flight  by  a 

membranous  expansion,  or  pata- 

gium,  which  was  mainly  borne  by 

the  greatly  elongated  phalangeals 

of  the  ulnar,  or  outermost  digit  of 

the  manus  (fig.  1095,  marked  iv)  ; 

but  which  also  extended  along  the 

sides  of  the  body  to  embrace  the 

hind  limbs  and  tail  (fig.  1098). 

The  vertebrae  are  procoelous,  and 
have  their  neuro  -  central  suture 
obliterated;  the  precaudal  series 
is  not  numerous ;  the  cervicals  are 
longer  than  the  dorsals  ;  and  from 
three  to  six  vertebrae  are  anchy- 
losed  together  to  form  the  sacrum. 
The  cervical  ribs  in  those  cases 
where  they  have  been  observed 
are  of  the  Crocodilian  type.  The 
skull  (figs.  1096,  1097)  is  rela- 
tively large ;  and  although  more 
or  less  bird-like  in  general  con- 
tour, yet  maintains  the  reptilian 
type  by  the  presence  of  the  supra- 
temporal  fossae,  bounded  by  the 
junction  of  the  postorbital  with  the 
squamosal  bone.    Bird-like  resem- 
blances are,  however,  shown  by 
the  circumstance  that  the  bones  of 
the  skull  anchylosed  together  at 
an  early  age ;  and  that  the  two 
rami  of  the  mandible  were  com- 
pletely welded  together  at  their  symphysis.    Moreover,  as  in  Birds, 
the  greater  portion  of  the  upper  jaws  is  formed  by  the  premaxillae ; 


Fig.  1095. — A,  Right  pectoral  limb  of 
Scaphognathus  crassirostris ;  B,  Sternum 
and  coracoids  of  Pterodactylus.  h,  Hu- 
merus ;  r,  Radius ;  n,  Ulna ;  c,  Carpus ; 
i-iv,  Digits.  These  should  have  been  num- 
bered ii-v. 
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tltinTJ'^  sin^ilarly  approximated  to  the  orbits,  with  the  inter- 
vention of  a  preorbital  vacuity,  which  (fig.   1096    may  be  very 

cranium  and  the  orbits  are  large,  and  there  is  generally  an  ossified 
nng  in  the  sclerotic.    The  teeth  are  invariably  sLple  and  po  nted 

Srdle  the'  ^"  ''^''''^  ^^e  'pectoral' 

ha.  no  f    .       '  '"u  bird-like,  and  the  latter 

has  no  fontanelle;  there  were  no  clavicles ;  but  there  was  a  broad 
heart-shaped  sternum  (fig.  X095,  b),  carrying  a  median  keel  superi- 

nl       T   ,  J"""^*'""  °^        ^<=^P^1^  ^"d  coracoid,  as  well 

as  the  keeled  sternum,  curiously  resemble  the  corresponding  parts 

1      !u  °!  ^^^d^'        are  consequendy  totally 

unlike  those  of  the  Ratit^.   The  carpus  consists  of  two  main  bones, 
one  distal  and  the  other  proximal ;  1  while  on  its  radial  side  there  is 
a  small  styliform  ossification,  regarded  by  Professors  Owen  and 
Marsh  as  the  representative  of  the  pollex— an  identification  which 
It  correct  will  make  the  four  remaining  digits  which  are  usually 
present  the  2d,  3d,  4th,  and  sth  of  the  typical  series,  and  not  the 
I  St,  2d,  3d,  and  4th  as  they  are  regarded  by  some  writers  (fig. 
1095).    The  phalangeals  of  the  ulnar  digit,  as  already  mentioned, 
are  enormously  elongated,  and  the  terminal  joint  has  no  claw. 
Ihe  pelvis  is  relatively  weak;  and  although  the  ilium  is  extended 
on  both  sides  of  the  acetabulum,  the  structure  of  both  this  region 
and  of  the  pelvic  limbs  is  far  removed  from  the  avian  type. 
Thus  the  pubis  (or  prepubis)  is  directed  forwards,  and  the  ischium 
IS  short  and  wide ;  while  the  pelvic  limbs  are  relatively  short.  The 
fibula  is,  however,  always  fused  with  the  tibia ;  and  the  astragalus 
may  also  unite  with  the  latter  bone  ;  although  the  metatarsals  always 
remain  distinct  both  from  one  another,  and  also  from  the  distal 
row  of  the  tarsus.    The  greater  number  of  the  bones  are  hollow, 
and  are  frequently  provided  with  pneumatic  foramina,  like  those  of 
Birds.    The  brain  was  bird-like,  and  the  body  was  probably  naked. 
In  time  this  order  ranges  from  the  Lias  to  the  Upper  Chalk ;  and 
was  especially  abundant  in  the  Upper  Jurassic  and  Cretaceous 
strata  of  both  the  Old  and  New  Worlds.    Although  the  skeleton 
presents  many  remarkable  resemblances  to  the  Carinate  Birds,  yet 
these  must  be  regarded  as  mainly  due  to  adaptation  for  a  similar 
mode  of  life ;   since  it  seems  clear  that  the  Pterodactyles  are 
altogether  off  the  direct  line  of  the  Avian  pedigree. 

Suborder  i.  Pteranodontia.  —  In  this  suborder  teeth  are 
totally  wanting,  and  the  jaws  were  probably  completely  ensheathed 
in  horn,  like  those  of  Birds.  The  skull  (fig.  1096)  has  an  enormous 
supraoccipital  crest,  projecting  far  behind  the  occiput ;  and  the  nares 


The  carpus  is  erroneous  in  fig.  1095. 
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were  completely  confluent  with  the  preorbital  vacuities.  According 
to  Professor  Marsh,  these  reptiles  were  mostly  of  gigantic  size  ;  some 
having  a  spread  of  wing  of  nearly  or  quite  25  feet.  And  in  order 
to  aid  the  powerful  patagium  in  flight,  the  pectoral  girdle  was 
generally  strengthened  by  the  anchylosis  of  several  vertebrae  and 
by  the  robust  scapula  articulating  to  the  spines  of  these  anchylosed 


Fig.  io96.-Left  lateral  view  of  the  skull  °i  P^ir"'''''" J''"e''t-    ^  -^^^^^^^  c 

North  America.  One-twelfth  natural  size,  a,  Nares  and  preorbi  al  vacuity  -5  Orbit ,  c, 
SupraoPbkaT  crest ;  d,  Angle  of  mandible  ;  g,  Quadrate  ;      Symphysis     (After  Marsh.) 


vertebrse ;  this  peculiar  feature  being  virtually  a  repetition  of  the 
pelvic  girdle  and  sacrum  on  a  much  larger  scale. 

Family  Pteranodontid^. — The  type  genus  Pteranodon  (fig. 
1096)  occurs  in  the  Cretaceous  of  North  America;  and  although 
its  members  are  generally  of  large  size,  it  is  also  represented  by  one 
small  species — P.  nanus.  The  coracoid  and  scapula  were  united, 
but  the  oral  aspects  of  the  jaws  have  not  the  ridge  and  groove 
found  in  Ortiithochiriis.  Ornithostoma,  of  the  Cambridge  Green- 
sand,  may  have  been  an  allied  form.  In  Nyciodadylus,  of  the  North 
American  Cretaceous,  Professor  Marsh  thinks  that  none  of  the 
dorsal  vertebra  were  anchylosed ;  and  on  this  account  the  genus 
should  perhaps  form  the  type  of  a  distinct  family. 

Suborder  2.  Pterosauria. — In  this,  the  typical,  suborder  teeth 
are  present  in  both  jaws ;  the  cranium  (fig.  1097)  has  no  long  supra- 
occipital  crest  directed  backwards,  and  generally  has  the  nares  more 
or  less  completely  separated  from  the  preorbital  vacuities.  The 
scapula  is  (at  least  usually)  not  anchylosed  to  the  neural  spines  of 
the  dorsal  vertebrae,  which  are  distinct  from  one  another.  This  sub- 
order is  mainly  European. 

Family  Pterodactylid^.  —  In  the  typical  family  the  tail  is 
short  (fig.  1097);  the  jaws  are  toothed  to  their  extremities;  and 
the  length  of  the  metacarpus  considerably  exceeds  half  that  of  the 
ulna  (fig.  1097).  The  skull,  which  is  extremely  bird-like,  may  be 
either  long  or  short,  and  has  the  nares  imperfectly  separated  from 
the  preorbital  vacuities ;  while  in  the  pelvic  limb  the  astragalus  is 
always  distinct  from  the  tibia.  In  Europe  this  family  is  especially 
characteristic  of  the  Upper  Jurassic,  and  is  abundantly  represented 
in  the  Lower  Kimeridgian  lithographic  limestones  of  Bavaria,  which, 
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from  their  fine  structure,  have  preserved  not  only  the  smallest  bone. 

^LTTlUrr''''Tlr  '"^r^^°"  the\.eXatustat  : 
f  e  of  ..t  I  i  which  can  be  certainly  referred  to  this  family 

are  of  small  or  moderate  size.    In  J^^enodraco,  of  the  lithographic 
skuilTf    "  '  --11  Pterodactyle  not  larger  than  a  s^rfow 
with  a  skull  of  very  much  the  same  contour  as  that  of  the  latter,  in 


Fig.  1097.— Nearly  entire  skeleton  of  Pterodaciylus  sfectabilis ;  from  the  Kimeridgian  of 
Bavaria.  The  ventral  aspect  is  shown  ;  and  on  the  right  side  the  ilium,  and  on  the  left  the  pubis 
(a)  is  exposed. 


which  the  teeth  are  confined  to  the  extremities  of  the  jaws,  and  the 
nares  do  not  appear  to  be  separated  from  the  preorbital  vacuities. 
Pterodaciylus  itself  (of  which  Ornithocephalus'^  and  Diopecephalus 

^  It  has  been  proposed  to  take  the  name  Ornithocephaltts  in  place  of  Pteno- 
draco,  a  suggestion  which  is  entirely  opposed  to  all  the  rules  of  nomenclature. 
The  first  use  of  the  former  name  in  this  sense  was  made  by  Fitzinger  in 
1826. 
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are  synonyms),  on  the  other  hand,  has  the  skull  produced  into  a 
lon<^  beak  or  rostrum  (fig.  1097),  in  which  the  teeth  extend  over  a 
considerable  space,  and  the  large  nares  are  slightly  separated  from 
the  preorbital  vacuities.  The  scapula  is  not  anchylosed  to  the  cora- 
coid ;  and  the  pubes  are  short  and  rounded  (fig.  1097).  This  genus 
appears  to  be  confined  to  the  lithographic  limestones ;  the  typical 
P.  antiquus  being  about  the  dimensions  of  a  woodcock. 

Apparently  allied  to  this  genus  is  Derinodadylus,  of  the  Jurassic 
of  North  America,  in  which  the  bones  are  said  to  have  thicker  walls. 
The  type  species  is  estimated  to  have  had  a  spread  of  wing  of  from 
five  to  six  feet.  Finally,  in  Cycnorhajnphus,  of  the  Solenhofen 
limestones,  we  have  a  genus  with  a  broad  expanded  beak,  like  that 
of  a  Swan,  with  the  teeth  confined  to  the  anterior  extremity.  This 
genus  is  represented  by  a  single  species  of  comparatively  large  size, 
known  as  C.  suevicus. 

Here  we  may  conveniently  notice  some  gigantic  Pterodactyles 
from  the  Cretaceous  system  of  Europe,  of  which,  owing  to  the  ex- 
ceedingly imperfect  remains  hitherto  discovered,  the  family  position 
must  be  left  undetermined.  Remains  of  some  of  those  forms  were 
originally  regarded  as  belonging  to  Birds,  and  described  under  the 
names  of  Palaornis  (Wealden)  and  Cimoliornis  (Chalk).  All  these 
forms  may  be  provisionally  included  under  the  generic  name  of 
Ornithochirus,  although  it  is  highly  probable  that  some  of  them  may 
really  be  distinct ;  and  there  does  not  at  present  appear  any  very 
good  reasons  for  separating  a  Purbeck  form  for  which  the  name 
Doratorhynchus  has  been  proposed.  Many  of  these  Pterodactyles 
were  of  gigantic  size ;  the  spread  of  wing  of  some  of  the  larger 
species  being  estimated  at  as  much  as  25  feet.  Probably  the 
tail  was  long;  the  jaws  were  toothed  to  their  extremities,  and 
frequently  the  upper  anterior  teeth  curved  forwards  to  project 
in  advance  of  the  muzzle.  The  oral  surfaces  of  the  upper  and 
lower  jaws  were  marked  by  a  longitudinal  ridge  and  groove ; 
the  skull  was  either  short  and  stout,  or  much  elongated ;  the 
scapula  was  often  anchylosed  to  the  coracoid ;  and  in  some 
instances  the  astragalus  united  with  the  tibia.  It  has  also  been 
suggested  that  Ornithochirus  had  but  three  digits  in  the  manus, 
but  this  statement  requires  confirmation.  The  name  Cretornis 
has  been  applied  to  the  remains  of  Ornithochirus  from  the  Chalk 
of  Bohemia. 

Family  Rhamphorhynchid^. — In  this  family  the  tail  was  at 
least  usually  long  (as  in  fig.  1098);  the  extremities  of  the  jaws  were 
in  many  instances  edentulous ;  and  the  length  of  the  metacarpus 
was  much  less  than  half  that  of  the  ulna  (fig.  1095).  The  skull 
(fig.  1099)  was  less  bird-like  than  in  the  type  family,  with  the  nares 
separated  by  a  distinct  bar  from  the  preorbital  vacuity,  and  was 
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Often  comparatively  short  and  stout;  while  in  some  instances  the 
astragalus  united  with  the  tibia.  This  family  certainly  ranged  from 
the  Lias  to  the  Upper  Jurassic,  but  if  Ortiithochirus  belong  to  it 
Its  range  must  be  extended  to  include  the  Cretaceous.  In  the 
genus  Scaphognathus  (fig.  1099)  the  teeth  extend  to  the  extremities 
of  the  jaws  of  the  massive  skull,  in  which  the  nares  are  separated 
by  a  broad  bar  from  the  larger  preorbital  vacuities.  The  tail  of 
the  type  species  is  unknown,  and  in  Goldfuss'  restoration  (fig 
1099)  It  was  made  like  that  oi  Pterodactylus ;  but  Professor  Zittel 
considers  that  it  was  elongated  like  that  of  Rhamphorhynchus  and 
Dimorphodon  (fig.  11 01).  The  type  species,  which  attains  con- 
siderable dimensions,  occurs  in  the  Kimeridgian  limestones  of 


Fig.  zogS.— Restoration  of  Di'mar/Aodon  macronyx.    Reduced.    (After  Owen.) 


Bavaria,  but  the  genus  is  also  represented  in  the  Upper  Lias  of 
Whitby.  It  is  noteworthy  that  the  peculiar  form  and  relations 
of  the  jugal  and  quadratojugal  found  in  the  Dinosaurian  genus 
Diplodocus  (fig.  1076)  also  obtain  in  Scaphognathus.  In  Rhampho- 
rhynchus, of  the  Kimeridgian  of  Bavaria,  the  extremities  of  the 
jaws  are  usually  devoid  of  teeth  ;  while  in  the  hinder  region  the 
teeth  incline  forwards  instead  of  having  the  nearly  vertical  direction 
of  those  of  Scaphognathus.  The  scapula  and  coracoid  were  some- 
times anchylosed ;  the  astragalus  was  generally  distinct  from  the 
tibia ;  the  pes  had  either  four  or  five  digits  ;  the  pubes  were  slender, 
bent,  and  joined  by  a  bony  symphysis ;  while  the  long  tail  was 
strengthened  by  the  ossification  of  its  tendons.  The  membranous 
patagium  developed  a  leaf-like  expansion  at  the  extremity  of  the  tail. 
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as  is  beautifully  shown  in  a  specimen  of  the  typical  R.  Muensteri, 
of  which  a  restoration  is  shown  in  the  accompanying  woodcut. 


Fig  loog.— The  skeleton  and  patagium  of  Scafihoffnatlius  crassirostris  accordnig  to  the 
restoration  of  Goldfuss  ;  from  the  Kimeridgian  of  Bavaria.  Reduced.  The  presence  of  the  first 
digit  in  the  manus  is  incorrect ;  the  tail  should  be  long ;  while  the  patagium  should  have  been 
more  extended  posteriorly,  as  in  fig.  ioq8. 

This  species  was  of  comparatively  small  size ;  but  R.  grandis,  in 
which  the  astragalus  united  with  the  tibia,  attained  considerably 
larger  dimensions.    Rhamphocephalus,  of  the  Lower  Jurassic  Stones- 


Fig.  1100.— Restoration  of  Rhamphorhynchus  Muemieri  {phyllurtis);  from  the  Lower 
Kimeridgian  of  Bavaria.    One-seventh  natural  size.    (After  Marsh.) 


field  slate,  is  distinguished  from  the  preceding  genus  by  the  form 
of  the  teeth,  and  the  great  interorbital  constriction  of  the  cran- 
ium.   Dorygnathus,  from  the  Upper  Lias  of  Germany,  appears  to 
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have  been  an  alHed  genus.  In  the  Lower  Liassic  genus  Dimorph- 
odon  (fig.  IIOI)  the  jaws  are  toothed  to  their  anterior  extremist 

and  the  hinder  teeth  of  the  man- 
dible are  much  smaller  than  those 
in  front.  Both  the  nares  and  pre- 
orbital  vacuities  are  of  enormous 
size,  and  are  separated  by  a  narrow 
bar.  The  coracoid  is  anchylosed 
to  the  scapula;  and  the  astragalus 
united  to  the  tibia.  Diniorphodon 
is  thus  the  earliest  known  represen- 
tative of  the  order;  and  the  one 
species  attained  considerable  dimen- 
sions. Its  remains  occur  in  the  Liassic 
shales  of  Lyme  Regis  in  Dorsetshire, 
and  were  first  brought  to  notice  in 
1822  by  the  indefatigable  Dean  Buck- 
land. 

Ordinal  Position  Uncertain. — 
Here  may  be  noticed  a  genus  of  which 
the  serial  position  must  for  the  present 
remain  undecided.  It  is  known  as 
Ornithodesmus,  and  was  founded  upon 
an  imperfect  sacrum  from  the  English 
Wealden,  which  has  been  regarded  as 
Avian,  although  its  right  to  distinc- 
tion from  the  Ornithosauria  appears 
by  no  means  certain.  It  may  be 
observed  that  the  so-called  Or7titho- 
pferus,  of  the  Upper  Jurassic  lime- 
stones of  Bavaria,  said  to  be  char- 
acterised by  the  presence  of  only  two 
digits  in  the  ulnar  digit  of  the  manus, 
and  which  has  been  regarded  as 
Avian,  appears  to  have  been  found- 
ed upon  an  imperfect  specimen  of 
Rhamphorhynchus ;  and  it  may  also 
be  mentioned  that  the  name  C^z-wz- 
/;f«VX",f//r;' Z'frf^"  the'  thopterus  is  preoccupied  by  the  Lepi- 
«roTher4itsr'rMeta4Yu^^^  dopterous  gcnus  Ornithoptera.  Fin- 

Owen.)  ally,  It  has  been  suggested  that  a 

tooth  from  the  Trias  of  Italy  de- 
scribed under  the  name  of  Tribelesodon  may  indicate  an  Ornitho- 
saurian  at  that  early  period,  but  the  evidence  in  support  of  that 
view  is  at  present  wholly  insufficient. 
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CHAPTER  LVI. 

CLASS  AVES. 

General  Structure. 

The  fifth  class  of  the  Vertebrata  is  that  of  Aves,  or  Birds,  which, 
as  we  have  already  mentioned  under  the  description  of  the  class 
Reptilia,  presents  a  number  of  characters  in  common  with  the 
latter.  Birds,  indeed,  as  Professor  Huxley  remarks,  are  animals 
so  similar  to  Reptiles  in  all  the  most  essential  features  of  their 
organisation,  that  they  may  be  said  to  be  merely  an  extremely 
modified  and  aberrant  Reptilian  type.  Their  differentiation  is, 
however,  so  great  as  to  indicate  without  doubt  their  right  to  form 
a  distinct  class.  It  will  be  unnecessary  to  recapitulate  the  char- 
acters common  to  Birds  and  Reptiles — together  constituting  the 
province  Sauropsida — and  we  may  accordingly  proceed  to  note 
the  distinctive  features  of  the  former  class.  It  may  be  well,  how- 
ever, to  observe  before  proceeding  further  that,  according  to  the 
arrangement  proposed  by  Professor  A.  Newton,  Birds  are  divided 
into  three  primary  divisions  or  orders,  respectively  known  as 
Saururje,  Ratitse,  and  Carinatse ;  the  fossil  representatives  of  which 
will  be  noticed  in  the  next  chapter. 

In  the  first  place,  all  Birds,  so  far  as  can  be  ascertained,  were 
provided  with  the  peculiar  epidermal  covering  known  as  feathers, 
which  are  totally  unknown  among  the  Reptiles ;  while  ossifications 
in  the  dermis  are  extremely  rare,  and  never  take  the  form  of  bony 
scutes.  No  Bird,  again,  has  procoelous  vertebree ;  while  in  all  ex- 
isting forms  the  centra  of  the  cervicals  have  cylindroidal,  saddle- 
shaped,  articular  surfaces,  although  these  are  amphicoelous  in  certain 
Mesozoic  forms.  In  no  cases  are  there  sacral  ribs  for  attachment 
of  the  ilia  in  the  proper  sacral  vertebrae.  The  sternum  has  no 
backwardly-produced  median  processes  for  the  ribs;  all  of  which 
are  attached  superiorly  to  its  lateral  borders.  If  an  interclavicle 
ever  exists,  it  is  fused  with  the  clavicles  into  a  compound  bone 
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termed  the  furcula  (fig.  1106).  No  Bird  has  more  than  three 
dmts  in  the  manus ;  all  of  which  may  be  furnished  with  claws. 
The  three  elements  of  the  pelvis  are  nearly  always  anchylosed 
together  in  the  adult  (fig.  1102);  the  ilium  being  produced  in 
advance  of  the  acetabulum  (of  which  the  inner  wall  is  unossified), 
and  the  ischium  and  pubis  directed  backwards,  in  a  more  or  less 
parallel  direction,  and  only  very  rarely  meeting  in  a  ventral  sym- 
physis. The  proximal  row  of  the  tarsus  is  always  united  with  the 
tibia  to  form  a  tibio-tarsus ;  while  the  distal  row  coalesces  with  the 


Fi".  1 102. — Right  lateral  view  of  the  pelvis  and  caudal  vertebrae  of  a  Fowl  (Gallus).    II,  Ilium  ; 
° Is,  Ischium  ;  Pb,  Pubis ;  Am,  Acetabulum  ;  dl,  Dorso-lumbar  vertebrae  ;  Cd,  Caudal  do. 

three  median  metatarsals  to  constitute  a  tarso-metatarsus.  In  all 
recent  Birds  only  the  right  aortic  arch  is  present ;  the  arterial  and 
venous  circulations  meeting  only  in  the  capillaries  ;  and  the  blood 
is  hot. 

Some  of  the  above  characters  are  common  to  certain  Reptiles  ; 
and  it  is  only  the  whole  of  them  collectively  which  can  be  regarded 
as  characteristic  of  Birds  as  a  class. 

Noticing  in  rather  more  detail  certain  features  of  the  osteology, 
it  may  be  observed  that  the  skeleton  is  usually  remarkable  for  its 
combination  of  compactness  and  lightness,  and  also  by  the  per- 
meation of  the  greater  number  of  the  bones  by  air-cavities.  The 
skull  (fig.  1 103)  is  formed  on  the  general  reptilian  type,  but  is 
remarkable  for  the  greater  relative  development  of  the  brain-case, 
although  this  feature  is  nearly  paralleled  in  the  Ornithosauria.  The 
component  bones  have  a  great  tendency  to  unite  in  the  adult  by 
the  obliteration  of  their  sutures,  and  their  texture  is  delicate  and 
spongy,  and  totally  unlike  the  ivory-like  structure  so  generally  observ- 
able among  Reptiles.  The  single  occipital  condyle,  which  is  mainly 
formed  by  the  basioccipital,  is  not  placed  at  the  hinder  extremity 
of  the  cranium,  but  becomes  shifted  forwards  and  downwards,  so 
that  the  basal  axis  of  the  latter  forms  an  angle  with  the  axis  of  the 
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vertebral  column.  In  Reptiles  a  similar  feature  occurs  in  the 
Ornithosauria.  The  inferior  temporal  arcade,  formed  by  the  iugal 
and  quadratojugal  (fig.  1103),  and  connecting  the  maxilla  with  the 
quadrate,  is  mvanably  present,  but  the  superior  temporal  arcade  is 
always  wantmg ;  and  there  are  never  distinct  postorbitals  or  post- 
frontals.  The  complete  inclusion  of  the  parietals  in  the  roof  of  the 
bram-case  prevents  the  formation  of  the  posttemporal  foss«,  which 
constitute  such  a  characteristic  feature  in  the  skulls  of  the  majority 
of  Reptiles  ;  and  no  Bird  has  a  parietal  foramen.  The  base  of  the 
cranium  is  formed  by  the  basioccipital  and  basisphenoid,  from  the 
latter  of  which  proceeds  the  rod-like  sphenoidal  rostrum,  represent- 
ing the  anterior  part  of  the  parasphenoid  ;  while  the  posterior  portion 
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Fig.  1103. — Left  lateral  view  of  the  skull  of  the  Fowl,  dc,  Dentary  portion  of  the  mandible  ; 
ar,  Articular  portion  of  do. ;  qu,  Quadrate  ;  sq,  Squamosal ;  eo,  Exoccipital :  so,  Supraoccipital ; 
^a.  Parietal ;  yV,  Frontal;  la.  Lachrymal;  na.  Nasal;  vo.  Vomer;  pinx,  Premaxilla ;  mx, 
Ma.\illa ;       Jugal  ;  qj,  Quadratojugal;  pt.  Pterygoid;  //,  Palatine;  is,  Interorbital  septum. 

of  the  latter  persists  in  the  basitemporal  plate  underlying  the  basi- 
occipital and  basisphenoid.  There  is  always  a  preorbital  (lachrymo- 
nasal)  vacuity  between  the  nasal,  lachrymal,  and  maxilla  (the  tri- 
angular space  immediately  behind  the  nasals  in  fig.  1103),  as  in 
many  extinct  Reptiles ;  and  the  interorbital  septum  is  always  more 
or  less  ossified.  The  narial  aperture  (fig.  1103)  is  lateral,  and 
nearly  always  placed  a  short  distance  in  advance  of  the  orbit  near 
the  root  of  the  beak.  The  greater  portion  of  the  latter  is  formed, 
as  in  the  Ornithosauria,  by  the  premaxillge,  which  coalesce  at  a  very 
early  period  in  the  middle  line,  and  thus  form  a  triradiate  bone, 
giving  off  a  median  nasal  and  a  pair  of  lateral  maxillary  processes. 
The  pterygoids  (fig.  1103)  never  unite  together  in  the  middle  line 
to  form  a  completely  closed  palate ;  and  neither  those  bones  nor  the 
palatines  ever  develop  inferior  palatal  plates  to  separate  the  narial 
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passage  from  the  mouth.  In  this  respect,  therefore,  the  develop- 
ment of  the  Bird's  skull  does  not  attain  such  a  specialisation  as  that 
of  the  existing  Crocodiles.  The  quadrate  is  usually  movably  at- 
tached to  the  squamosal ;  and  the  articulation  of  the  palatopterygoid 
bar  to  the  basipterygoid  processes  of  the  sphenoidal  rostrum  is  also 
a  movable  one,  by  which  means  the  premaxillary  beak  can  be  moved 
to  a  certain  extent  upon  the  rest  of  the  skull.  The  vomers  are 
subject  to  great  variation.  They  underlie  the  ethmosphenoidal 
region,  and  when  present  are  connected  posteriorly  with  the  pala- 
tines, except  in  the  Ostrich.  The  relations  of  these  and  the  other 
bones  of  the  palate  form  important  features  in  Professor  Huxley's 
classification  of  Birds;  but  since  this  is  a  subject  to  which  the 
attention  of  the  Pateontologist  is  but  seldom  directed,  the  reader 
desirous  of  further  information  must  refer  to  other  works.  The 
jugal  and  the  quadratojugal  are  slender,  rod-like  bones,  of  which 
the  former  articulates  with  the  equally  slender  maxilla,  and  the  latter 
by  a  hollow  surface  with  the  quadrate.  In  all  existing  Birds  the 
dentary  elements  of  the  two  rami  of  the  mandible  are  always  found 
welded  at  the  symphysis  into  a  single  bone ;  but  in  the  Cretaceous 
Idithyornis,  and  perhaps  in  other  Mesozoic  forms,  this  union  is 
imperfect.  There  is  frequently  a  lateral  vacuity  between  the  den- 
tary and  splenial,  like  that  of  the  Crocodilia.  The  angle  of  the 
mandible  may  be  either  truncated,  or  produced  into  a  long  recurved 
process,  as  in  the  Fowls  (fig.  1103),  Ducks,  and  Geese.  In  exist- 
ing and  Tertiary  Birds  the  beak  is  ensheathed  in  horn,  and  is 
totally  devoid  of  teeth ;  but  rudiments  of  teeth  have  been  found  in 
some  Parrots.  And  in  certain  Mesozoic  forms  the  premaxilla, 
maxilla,  and  dentary  bones  were  furnished  with  a  complete  series 
of  sharp  teeth.  A  ring  of  bones  is  always  developed  in  the  sclerotic 
of  the  eye. 

In  some  Mesozoic  Birds  the  vertebral  centra  were  amphicoelous, 
but  in  all  others  the  vertebrae  exhibit  certain  well-marked  peculiari- 
ties. Thus  the  neural  articulations  are  always  well  developed,  and 
the  arch  is  invariably  articulated  to  the  centrum.  The  neck  is 
usually  very  long ;  the  number  of  its  vertebrae  ranging  from  eight 
to  twenty-three.  The  adas  vertebra  forms  a  thin  ring,  in  which  the 
transverse  ligament  may  be  ossified ;  and  the  axis  always  has  the 
odontoid  process  anchylosed  to  it.  The  succeeding  cervicals  have 
either  short  neural  spines,  or  no  spines  at  all ;  the  anterior  surfaces 
of  their  centra  are  cylindroidal  and  convex  from  above  downwards, 
and  concave  from  side  to  side,  the  reverse  condition  obtaining  pos- 
teriorly (fig.  1 104).  These  surfaces  are  usually  described  as  saddle- 
shaped  ;  ^  and  there  may  be  a  haemal  spine  inferiorly.  In  the  imraa- 

'  The  term  keterocalous  has  been  proposed  for  this  type  of  vertebral  structure. 
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ture  Ratitse  the  cervicals  have  ribs  articulating  with  an  upper  and  a 
lower  process,  as  in  the  Crocodilia ;  and  in  the  adult  (fig.  1104) 
these  ribs  anchylose  to  the  vertebrae,  and  thus  resemble  perforated 
transverse  processes,  in  which  the  canal  (/)  serves  for  the  protection 
of  the  vertebral  artery.^  In  adult  Carinatae  these  lateral  arches,  as 
they  may  be  termed,  become  further  modified,  and  develop  pro- 
longations for  the  protection  of  other  parts  of  the  vasculo-neural 
system.  The  dorsal  vertebras  are  liable  to  variation  in  number; 
their  centra  usually  resemble  those  of  the  cervical  region,  but  in 
the  Penguins  the  articular  surfaces  of  some  may  be  spheroidal  an- 


Fig.  1104.— (a)  Anterior  and  (b)  posterior  views  of  a  cervical  vertebra  of  Hesperornis  regalis: 
from  the  Cretaceous  of  North  America,  s.  Neural  spine ;  s,  Prezygapophysis ;  z",  Postzygapo- 
physis ;  d,  Transverse  process,  or  diapophysis  ;  /,  Rib-facet,  or  parapophysis ;  nc.  Neural  canal ; 
/,  Costal  canal.    (After  Marsh.) 


teriorly.2  They  usually  have  well-marked  neural,  and  may  or  may 
not  have  inferior  median  spines ;  and  they  are  in  some  instances 
anchylosed  together,  but  in  others  are  susceptible  of  a  limited 
amount  of  motion.  Throughout  the  whole  dorsal  series  there  is  a 
well-developed  transverse  process  from  the  arch  for  the  tuberculum 
of  the  rib ;  while  the  centrum  has  a  lateral  facet  for  the  capitulum. 
The  method  of  costal  articulation  resembles,  therefore,  that  obtaining 
in  the  first  two  dorsal  vertebrae  of  the  Crocodilia.  These  features 
are  characteristic  of  all  Birds.  The  dorsal  vertebrae  are  succeeded 
posteriorly  by  a  number  of  anchylosed  vertebrae  forming  the  sacrum. 
According,  however,  to  the  researches  of  Dr  Gadow,  only  two  or 
three  of  these  vertebrae  are  truly  sacral ;  those  in  front  belonging  to 
the  lumbar,  and  those  behind  to  the  caudal  region.  Of  the  proper 
sacrals  the  two  hindmost  correspond  to  those  of  the  Crocodilia,  and 
the  second  of  these  to  the  single  sacral  of  the  Amphibia.  The  ver- 
tebras articulating  with  the  ilia  do  not  develop  ribs,  but  articulate 

^  This  arrangement  of  the  ribs  is  precisely  similar  to  that  occurring  in  certain 
Dinosaurs,  as  is  shown  in  fig.  107 1  (p.  1 170). 

Certain  Water  and  Wading  Birds  as  well  as  Parrots,  and  the  remarkable 
Stealornis  have  opisthocoelous  dorsal  vertebra;.  The  Parrots  also  have  epiphyses 
to  these  vertebite. 
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by  transverse  processes  placed  on  the  arch.  The  anchylosed  series 
of  caudals,  which  are  sometimes  termed  uro-sacral,  are  m  some  m- 
stances  as  in  Archceopteryx  and  Rhea,  followed  by  a  considerable 
number  of  free  vertebrae,  but  more  usually  by  only  a  few,  succeeded 
by  a  triangular  terminal  bone,  known  as  the  pygostyle  (fig.  11 06), 
which  carries  the  tail  feathers  and  glands,  and  represents  several 
coalesced  vertebree.  In  no  known  Birds  are  ossified  intercentral 
elements  developed,  with  the  exception  of  the  inferior  bar  of  the 
atlas  vertebra.  Nearly  all  the  dorsal  ribs 
develop  tubercular  and  capitular  pro- 
cesses, and  some  have  also  uncinate  pro- 
cesses (fig.  1 106,  tip).  The  sternum  has 
a  pair  of  grooves  superiorly  for  the  re- 
ception of  the  coracoids;  and  in  the 
Ratitse  (fig.  1105)  it  is  rhomboidal  and 
convex,  without  trace  of  a  median  keel, 
its  development  taking  place  from  two 
lateral  centres.  In  the  majority  of  Cari- 
natse  the  sternum  (fig.  1106,  st)  is,  how- 
ever, elongated,  and  has  a  strong  median  Fig.  1105.— Sternal  region  of  the 
keel  for  the  attachment  of  the  pectoral  gcTilulLfrco^itid.''^'""'-  " 
muscles.    In  this  type  two  membranous 

vacuities  frequently  exist  in  the  posterior  portion,  which  in  the  dry 
skeleton  form  holes  or  notches,  separated  by  bony  processes,  which 
represent  divisions  of  the  Mammalian  xiphisternum.  In  many 
Carinatse,  and  especially  the  Passerines,  there  are  also  developed  a 
median  manubrium  sterni,  and  lateral  costal  processes  for  the  attach- 
ment of  the  ribs.  The  coracoid  (fig.  1106,  c)  in  the  Carinatte  is  an 
elongated  bone  more  like  that  of  Crocodiles  than  that  of  Dinosaurs  ; 
it  has  no  fontanelle,  and  articulates  at  an  acute  angle  with  the  scap- 
ula, from  which  it  usually  remains  distinct.  It  takes  an  equal  share 
with  the  latter  in  the  formation  of  the  glenoid  cavity  for  the  head  of 
the  humerus,  and  at  its  distal  end  may  overlap  its  fellow.  In  the 
Ratitse  the  coracoid  (fig.  iiii)  is,  however,  generally  shorter  and 
more  Dinosaurian-like,  and  may  have  a  fontanelle,  while  its  long 
axis  is  either  coincident  or  parallel  with  that  of  the  adjacent  portion 
of  the  scapula,  with  which  it  is  invariably  anchylosed  in  the  adult. 
The  scapula  in  Carinate  Birds  (fig.  tio6,  s)  consists  of  a  thin  and 
narrow  plate  of  bone,  often  extending  backwards  to  a  considerable 
length,  and  without  any  suprascapula.  Occasionally  an  additional 
bony  rod  is  developed  on  the  outer  side  of  the  scapula.  The 
glenoidal  ends  of  both  the  scapula  and  coracoid  are  divided  into  a 
glenoidal  and  a  clavicular  process  in  this  order.  In  the  same  order 
the  clavicle  is  nearly  always  well  developed,  and  fuses  with  its  fellow 
to  form  the  U-shaped  furcula  (fig.  1106,//^);  but  in  the  Ratitee 
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Kig.  1106.— Skeleton  of  Eagle  (/J??^?/*).  Reduced.  Postorbital  process ;  wa,  Mandible ; 
St,  Sternum ;  e/r,  Rib ;  sr,  Sternal  do.  ;  «/,  Uncinate  process ;  co,  Pygostyle ;  /u,  Furcula  ;  c, 
Coracoid  ;  s,  Scapula  ;  //,  Humerus ;  r,  Radius  ;  u,  Ulna  ;  ca,  Carpus  ;  mc,  Metacarpus ;  <j"', 
Pollex  ;  d,  d' ,  Phalangeals  of  first  digit ;  d" ,  Do.  of  second  do. ;  /,  Ilium  ;  f,  Femur  ;  pt.  Patella  ; 
ti,  Tibia ;  fi,  Fibula ;  tm,  Tarsometatarsus ;  m,  First  metatarsal ;  pa,  Phalangeals.  (After 
Milne-Edwards.) 
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the  clavicles  are  rudimentary  or  wanting,  and  never  unite  to  form  a 
furcula.  No  Bird  preserves  a  distinct  interclavicle,  although  it 
has  been  thought  that  the  median  portion  of  the  furcula  represents 

this  element  a  view  which,  from  developmental  considerations,  is 

now  regarded  as  improbable.  The  furcula  itself  may  anchylose 
with  either  the  manubrium  of  the  sternum,  or  with  the  coracoids ; 
and  very  rarely  both  these  unions  occur  together. 

In  the  pectoral  limb  the  component  bones,  when  at  rest,  have 
been  greatly  altered  from  their  original  primitive  position;  the 
change  being  somewhat  greater  than  that  occurring  in  the  majority 
of  Mammals.  The  humerus  of  Carinates  (fig.  1106,  h)  is  expanded 
at  both  ends  ;  the  proximal  extremity  having  a  strong  preaxial  delto- 
pectoral  ridge  for  the  pectoral  muscle.  The  pneumatic  foramen 
occurs  on  the  proper  dorsal  aspect ;  and  at  the  distal  extremity  the 
prominent  oblique  condyle,  on  the  outer  side  of  the  palmar  aspect 
for  the  articulation  of  the  radius,  forms  a  very  characteristic  feature. 
In  the  Ratitse  this  bone  has  less  distinctive  characters,  and  may  be 
very  small,  or  even  absent.  There  is  no  foramen  for  vessels  at  the 
distal  extremity  of  the  humerus  in  any  member  of  the  class.  The 
radius  and  ulna  (fig.  11 06,  r)  are  always  separate;  the  former, 
which  is  usually  the  larger  of  the  two,  being  frequently  marked  with 
a  line  of  tubercles  for  the  attachment  of  the  secondary  wing-feathers. 
In  the  adult  of  recent  Birds  the  free  bones  of  the  carpus  are  reduced 
to  two — a  radiale  and  ulnare  ;  but  in  the  Jurassic  ArchcEopteryx  only 
the  radiale  remains.  In  the  latter  genus  the  manus  comprises  three 
free  metacarpals  and  digits ;  of  which  the  first  carried  two,  the 
second  three,  and  the  third  four  phalangeals ;  the  terminal  bone  in 
each  digit  being  furnished  with  a  claw.  In  existing  Carinate  Birds 
the  three  metacarpals  (fig.  1106)  are  more  or  less  completely  fused 
together ;  and,  according  to  Professor  Weinsheimer,  ten  families 
possess  the  same  number  (two)  of  phalangeals  in  the  first  digit  as 
in  Archceopteryx,  the  distal  one  bearing  a  claw ;  while  four  families 
also  possess  three  phalangeals  in  the  second  digit,  like  Archceopteryx, 
but  in  only  two  of  these  families  is  the  terminal  phalangeal  provided 
with  a  claw.  In  all  existing  Carinates  the  third  digit  has  only  a 
single  phalangeal,  without  a  claw.  Among  the  Ratitse  there  are 
three  digits  in  Struthio  and  Rhea  ;  but  Apteryx  and  Casuarius  have 
but  a  single  digit,  which  is  clawed.  There  is  usually  an  interspace 
between  the  curved  second  and  third  metacarpals  which  may  be 
filled  up  by  a  thin  plate  of  bone. 

The  characters  of  the  pelvis  have  been  already  briefly  alluded  to. 
The  ilium  (fig.  1107)  is  always  produced  considerably  on  both  sides 
of  the  acetabulum,  and  in  some  cases,  as  in  the  Apteryx,  the  anterior 
production  is  very  great;  it  articulates  with  the  long  sacrum,  of 
which  the  homology  has  been  already  noticed.    The  ilium  arches 
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over  the  greater  part  of  the  acetabulum,  of  which,  as  already  men- 
tioned, the  centre  is  unossified,  and  has  an  external  articular  surface 
tor  the  great  trochanter  of  the  femur  termed  the  antitrochanter 
Ihe  ischium  forms  the  hinder  half  of  the  inferior  part  of  the  aceta- 
bulum, and  is  a  moderately  broad  bar  of  bone  directed  downwards 
and  backwards,  or  occasionally  backwards  (fig.  1112).  In  the 
Cannatc^  (fig.  1102)  it  generally  unites  inferiorly  with  the  ilium  by 
which  means  the  upper  part  of  the  ilio-ischiatic  notch  is  converted 
into  a  foramen;  but  in  the  Ratitae  (figs.  1107,  11 12)  there  is  no 
such  union.  In  Rhea  alone,  among  existing  Birds,  the  ischia  unite 
in  a  ventral  symphysis.    The  pubis  is  generally  a  long  and  slender 


Fig.  1 107. —Left  side  of  the  pelvis  of  the  Emeu  {Dromaus).    Reduced,   il,  Ilium  ;  is,  Ischium  ; 
Pubis  ;      Pectineal  process  of  do.  ;  a,  Acetabulum.    (After  Marsh.) 

bone  running  parallel  to  the  ischium,  and  entering  into  the  anterior 
part  of  the  lower  border  of  the  acetabulum ;  it  frequently  gives  off 
a  pectineal  process  (fig.  1107),  which  is  apparently  homologous  with 
the  preacetabular  process  of  the  pubis  of  the  Ornithopodous  Dino- 
sauria.  The  Ostrich  {Struthio)  is  peculiar  among  living  Birds  in 
having  a  symphysis  pubis  ;  while  in  Archaopteryx  alone  are  the  three 
pelvic  bones  separate.  The  femur  is  a  short  thick  bone,  with  its 
head  placed  at  right  angles  to  the  shaft,  as  in  certain  Dinosauria. 
Its  condyles  are  large,  and  antero-posteriorly  elongated.  A  patella 
is  frequently  present,  and  may  be  double.  The  fibula  is  always  im- 
perfect distally,  and  may  be  completely  anchylosed  to  the  tibia. 
The  latter,  or  tibio-tarsus  as  it  should  be  correctly  termed,  is  a  very 
characteristic  bone ;  and  is  always  longer  than  the  femur.  Proxi- 
mally  this  bone  is  expanded  and  produced  into  an  anterior  cnemial 
process,  like  that  of  the  Dinosauria,  which  may  extend  above  the 
knee-joint;  and  the  distal  extremity  (fig.  1108,  a)  has  a  trochlea- 
like  surface,  and  consists  of  the  astragalus  of  the  tarsus,  which  has 
been  completely  fused  with  the  tibia.    On  the  anterior  surface  of 
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this  bone,  above  the  astragalus,  there  is  frequently  (as  in  fig. 
1 108,  a)  a  bony  bridge  over  the  channel  for  the  extensor  tendons  of 
the  foot.  The  tarso-metatarsus  (fig.  1106,  t77i)  immediately  suc- 
ceeds the  tibia;  and  consists  proximally  of  the  distal  portion 
of  the  tarsus,  with  which  the 
three  middle  metatarsals  of  the 
typical  foot  are  usually  com- 
pletely welded  to  form  a  rod- 
like bone,  generally  terminat- 
ing in  three  distal  pulley-like 
surfaces  for  the  articulation  of 
the  phalangeals.  In  the  Pen- 
guins, however,  intervals  exist 
between  the  three  component 
bones  of  the  shaft  ;  and  in 
the  Ostrich  only  two  metatar- 
sals enter  into  the  compound 
element.  Generally  the  me- 
dian metatarsal  at  its  distal 
end  is  thrust  somewhat  in  ad- 
vance of  the  other  two  (fig. 
1 108,  b).  The  form  of  the 
distal  condyles  of  this  bone 
is  very  characteristic  of  differ- 
ent groups  of  Birds.  In  cases 
where  the  hallux,  or  first  digit, 
is  developed  it  is  only  the  dis- 
tal portion  of  its  metatarsus 

which  is  attached  to  the  posterior  aspect  of  the  tarso-metatarsus. 
No  adult  Bird  has  any  trace  of  a  fifth  digit,  and  the  number  of 
digits  may  vary  from  two  (Ostrich)  to  four  (Parrots).  In  four-toed 
Birds  the  phalangeals  generally  number  2,  3,  4,  5,  reckoning  from 
the  first  (hallux)  to  the  fourth  digit. 

This  increase  in  an  arithmetical  ratio  of  the  phalangeals  of  the  toes,  in 
proceeding  from  the  inner  to  the  outer  side  of  the  foot,  obtains  in  almost 
all  Birds,  and  enables  us  readily  to  detect  which  digit  is  suppressed,  when 
the  normal  four  are  not  all  present.  Variations  of  different  kinds  exist, 
however,  in  the  number  and  disposition  of  the  toes.  In  many  Birds — 
such  as  the  Parrots — the  outermost  toe  is  turned  backwards,  so  that  there 
are  two  toes  in  front  and  two  behind  ;  whilst  in  theTrogons  the  inner  toe 
is  turned  back  with  the  hallux,  and  the  outermost  one  is  turned  forwards. 
In  others,  again,  the  outer  toe  is  normally  directed  forwards,  but  can  be 
turned  backwards  at  the  will  of  the  animal.  In  the  Swifts,  on  the  other 
hand,  all  four  toes  are  present,  but  they  are  all  turned  forwards.  In 
many  cases — especially  amongst  the  Anserine  birds — the  hallux  is  wholly 
wanting,  or  rudimentary.  In  the  Emeu,  Cassowary,  Bustards,  and  other 
genera,  the  hallux  is  invariably  absent,  and  the  foot  is  three-toed.   In  the 


Fig.  1108. — Ibis  melanocefihala.  The  distal 
portion  of  the  right  tibio-tarsus  (a)  and  left  tarso- 
metatarsus  (b). 
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fbot  con- 
In  regard  to  their  geological  distribution  it  should  be  observed 
that  the  remains  of  Birds  are  generally  by  no  means  so  common  in 
ossiferous  deposits  as  those  of  Mammals.    This  scarcity  is  probably 
m  part  due  to  the  comparatively  small  size  and  fragile  nature  of  the 
bones  of  a  large  number  of  members  of  the  class ;  and  also,  as  Sir 
C.  Lyell  has  observed,  to  the  circumstance  that  "the  powers  of 
flight  possessed  by  most  birds  would  ensure  them  against  perishing 
by  numerous  casualties  to  which  quadrupeds  are  exposed  during 
floods ;     so  that,  "  if  they  chance  to  be  drowned,  or  to  die  when 
swimming  on  water,  it  will  scarcely  ever  happen  that  they  will  be 
submerged  so  as  to  become  preserved  in  sedimentary  deposits 
since,  from  the  lightness  of  the  bones,  the  carcass  would  remain 
long  afloat,  and  would  be  liable  to  be  devoured  by  predaceous  ani- 
mals."  To  these  considerations  must  be  added  the  absence  of  teeth 
in  the  great  majority  of  Birds,  whereby  we  are  deprived  of  evidence 
which  in  the  case  of  Mammals  has  thrown  most  important  light 
upon  the  nature  and  afiinity  of  fossil  forms. 

The  earliest  suggestion  of  the  occurrence  of  Birds  is  afforded 
by  impressions  of  huge  Sauropsidan  feet  (fig.  1109)  found  in  the 


Fig.  I  log. — Sauropsidan  footprint,  and  impressions  of  rain-drops  ;  from  the  Trias  of  the 
Connecticut  Valley.  Reduced. 

reputed  Triassic  sandstone  of  the  Connecticut  Valley  in  the  United 
States.  These  impressions  were  evidently  made  either  by  Ornitho- 
podous  Dinosaurs,  or  by  Ratite  Birds ;  and  the  occurrence  of  cer- 
tain reptilian  bones  in  the  same  deposits  indicates  that  at  least  some 
of  them  are  probably  of  Dinosaurian  origin.    The  absence  of  the 
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impression  of  a  tail  among  some  of  these  tracks  renders  it,  however, 
not  altogether  improbable  that  a  few  of  them  may  be  due  to  Birds. 

Apart  from  the  foregoing  extremely  doubtful  evidence,  the  earliest 
undoubted  occurrence  of  Birds  is  in  the  Upper  Jurassic,  where  we 
find  ArchcBopteryx  in  the  Kimeridgian  of  Bavaria.  Laopteryx,  from 
the  Jurassic  of  North  America,  which  was  described  as  a  Bird,  is 
more  probably  a  Reptile.  Of  the  extremely  generalised  nature  of 
the  former  mention  is  made  in  the  next  chapter.  In  the  Cretaceous 
system  of  North  America  we  find  not  only  the  remarkable  toothed 
Birds,  which  were  already  differentiated  into  the  Ratite  and  Carinate 
modifications  ;  but  there  were  apparently  others  more  nearly  allied 
to  existing  types.  Bird-remains  also  occur  rarely,  and  in  a  very 
fragmentary  state,  in  the  Upper  Cretaceous  of  Europe.  With  the 
Eocene  we  enter  upon  an  Avian  fauna  of  a  decidedly  modern  type ; 
and  at  the  period  of  the  Lower  Miocene  the  greater  number  of 
existing  suborders  were  well  represented. 

We  are  at  present  to  a  great  extent  in  the  dark  as  to  the  manner 
in  which  Birds  branched  off  from  the  primitive  Sauropsidan  stock ; 
but  it  is  pretty  evident  that  the  Dinosauria  are  those  Reptiles  most 
nearly  related  to  Birds,  and  that  the  Ornithosauria  are  totally  out  of 
the  direct  ancestral  line, — the  curious  resemblance  which  they  pre- 
sent to  Carinate  Birds  being  apparently  solely  due  to  their  somewhat 
similar  mode  of  life. 

In  respect  to  the  mode  of  origin  of  the  Ratite  and  Carinate  modifica- 
tions of  Bird -structure,  we  may  quote  from  an  admirable  article  by  Pro- 
fessor A.  Newton,  who  observes  that — "  First  of  all  we  find  that  while 
Birds  still  possessed  the  teeth  they  had  inherited  from  their  Reptilian 
ancestors,  two  remarkable  and  very  distinct  types  of  the  class  had  already 
made  their  appearance,  and  we  must  note  that  these  two  types  are  those 
which  persist  at  the  present  day,  and  even  now  divide  the  class  into  the 
Ratitae  and  Carinatee.  Furthermore,  while  the  Ratite  type  {Hesperornis) 
presents  the  kind  of  teeth,  arrayed  in  grooves,  which  indicate  (in  Rep- 
tiles at  least)  a  low  morphological  rank,  the  Carinate  type  {Ichthyornis) 
is  furnished  with  teeth  set  in  sockets  and  showing  a  higher  development. 
On  the  other  hand,  this  early  Carinate  type  has  vertebree,  whose  com- 
paratively simple  biconcave  form  is  equally  evidence  of  a  rank  unques- 
tionably low ;  but  the  saddle-shaped  vertebrae  of  the  contemporary  Ratite 
type  as  surely  testify  to  a  more  exalted  position.  Reference  has  been 
already  made  to  this  complicated  if  not  contradictory  state  of  things  ; 
the  true  explanation  of  which  seems  to  be  out  of  reach  at  present.  It 
has  been  for  some  time  a  question  whether  the  Ratite  is  a  degraded  type 
descended  from  the  Carinate,  or  the  Carinate  a  superior  development  of 
the  Ratite  type."  The  Professor,  after  noticing  that  many  Zoologists 
have  adopted  the  former  view,  proceeds  to  observe  that,  before  the  ques- 
tion can  be  answered,  a  reply  must  be  given  to  the  following  question — 
"  Was  the  first  animal  which  any  one  could  properly  call  a  '  Bird,'  as  dis- 
tinguished from  a  '  Reptile,'  possessed  of  a  keeled  sternum  or  not  ?  Now 
Birds  would  seem  to  have  been  differentiated  from  Reptiles  while  the 
latter  had  biconcave  vertebrae,  and  teeth  whose  mode  of  attachment  to 
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the  jaw  was  still  variable.  There  is  no  reason  to  think  that  at  rh^f  n»v-  ^ 
any  Rept.Ie  (with  the  exception  of  PterodactyTes  whict  L  has  aE 
been  said,  are  certainly  not  m  the  line  of  Birds'  ancestors)  had  a  keeled 
sternum  Hence  ,t  seems  almost  impossible  that  the  first  Bird  should 
have  had  one  ;  that  is  to  say,  it  must  have  been  practically  of  the  Ratite 
ype  Professor  Marsh  has  shown  that  there  is  good  reaso^for  belS  ng 
that  the  power  of  flight  was  gradually  acquired  by  Birds,  and  Ikh  thS: 
power  would  be  associated  the  development  of  a  keel  to  the  sLnum  on 
which  the  volant  faculty  so  much  depends.  .  .  .  Thus  the  Carinate  type 
7hT^'Jr°J^    Ir  'I"  P'-^^e^Sappear  to  have  been  evolved  from 

the  Ratite.  After  observing  that  embryological  and  distributional  facts 
«  M    /"i^.Pfi    iV^'  Professor  Newton  continues  as  follows: 

JNo  doubt  the  difficulty  presented  by  the  biconcave  vertebrse  of  the  ear 
best  known  representative  of  the  Carinate  type  is  a  considerable  obstacle 
to  the  view  just  taken.  But  Professor  Marsh  has  shown  that  in  the  third 
cervical  vertebra  of  Ichthyornis  '  we  catch  nature  in  the  act  as  it  were ' 
of  modifying  one  form  of  vertebra  into  another,  for  this  single  vertebra 
m  Ichthyornis  IS  in  vertical  section  '  moderately  convex,  while  transversely 
it  IS  strongly  concave,  thus  presenting  a  near  approach  to  the  saddle-like 
articulation ; '  and  he  proceeds  to  point  out  that  this  specialised  feature 
occurs  at  the  first  bend  of  the  neck,  and,  greatly  facilitating  motion  in  a 
vertical  plane,  is  '  mainly  due  originally  to  its  predominance.'  The  form 
of  the  vertebra;  would  accordingly  seem  to  be  as  much  correlated  with 
the  mobility  of  the  neck  as  is  the  fonn  of  the  sternum  with  the  faculty  of 
flight.  If,  therefore,  the  development  of  the  saddle  shape  be  an  indica- 
tion of  development,  as  well  may  be  the  outgrowth  of  a  keel."  In  conclu- 
sion, the  Professor  observes  that  the  question  must  be  regarded  as  still 
unsettled,  although  his  own  opinion  is  strongly  in  favour  of  the  Ratite 
being  the  earlier  type. 

On  the  other  hand,  Dr  Gadow,  in  a  communication  of  later  date,  con- 
cludes that  the  Ratite  were  most  probably  descendants  of  Birds  which 
formerly  possessed  the  power  of  flight ;  this  view  being  said  to  be  sup- 
ported by  the  structure  of  the  wings,  and  the  nature  of  the  feathers  of  the 
young. 

In  the  following  chapter  a  brief  summary  is  given  of  the  chief 
divisions  of  Birds,  with  mention  of  those  families  known  to  be  re- 
presented in  a  fossil  state.  It  would,  however,  exceed  the  limits  of 
this  work  to  give  even  the  leading  osteological  characters  of  such 
families,  since,  owing  to  the  great  general  similarity  in  the  structure 
of  all  Carinate  Birds,  such  characters  could  only  be  indicated  by  the 
introduction  of  a  great  mass  of  detail. 

It  should  also  be  observed  that  the  majority  of  writers  rank  the 
three  primary  divisions  of  Birds  as  subclasses,  and  the  secondary 
divisions  as  orders,  with  the  proviso  that  such  orders  are  of  very 
different  value  from  those  of  Reptiles.  With  the  object  of  avoiding 
this  inequality  the  view  of  Professor  Huxley,  who  has  termed  the 
primary  divisions  orders  and  the  secondary  ones  suborders,  has  been 
followed  in  this  work. 
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Orders  Saurur^,  Ratit^,  and  Carinat^. 

Order  I.  Saurur/E. — This  extinct  order  is  represented  only  by 
ArchcBOpteryx,  and  may  be  characterised  by  the  metacarpals  being 
separate,  and  by  the  tail  being  longer  than  the  body,  and  not 
terminating  in  a  pygostyle. 

Family  Arch^opterygid^. — Archaopteryx,  including  birds  of 
about  the  size  of  the  common  Rook,  is  found  in  the  lithographic 
limestones  of  Solenhofen,  near  Pappenheim,  in  Bavaria,  which  are 
the  representatives  of  the  lower  part  of  the  English  Kimeridge  Clay. 
This  genus  was  first  made  known  by  the  impression  of  a  single  feather, 
to  which  the  late  Professor  H.  von  Meyer  gave  the  name  A.  litho- 
graphica.  Subsequently  the  greater  part  of  a  skeleton,  with  im- 
pressions of  the  feathers  of  the  wings  and  tail  (fig.  mo),  was 
obtained,  which  Sir  R.  Owen  named  A.  macrura ;  while  recently 
a  second  skeleton  has  been  found  which  some  writers  regard  as 
indicating  a  distinct  species  from  the  first.  Of  these  two  skeletons 
the  former  is  preserved  in  the  British  and  the  latter  in  the  Berlin 
Museum.  Professor  Carl  Vogt,  who  first  described  the  Berlin 
specimen,  regarded  Archceopteryx  as  a  Reptile ;  but  there  can  be 
no  hesitation  in  classing  it  among  the  Birds.  The  jaws  were  fur- 
nished with  teeth ;  the  vertebrae  were  biconcave ;  and  there  was  a 
well-ossified  sternum,  of  considerable  breadth,  and  probably  pro- 
vided with  a  carina.  In  the  manus  the  three  metacarpals  remained 
distinct ;  and  there  were  also  three  separate  digits,  each  of  which 
was  terminated  by  a  claw.  In  the  pelvis  the  three  component 
elements  exhibit  the  Reptilian  character  of  remaining  distinct 
throughout  life ;  and  it  is  thought  probable  that  the  ischia  united 
in  a  ventral  symphysis.  The  distal  portion  of  the  fibula  is  placed 
in  front  of  the  tibia;  and  the  metatarsals  were  either  separate  or 
but  very  imperfectly  united  together.    The  tail,  again  (fig.  mo), 
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differs  from  that  of  all  other  known  Birds  in  that  it  consists  of  a 
series  of  long  vertebrae,  gradually  tapering  to  the  extremity,  and 
each  of  which  carries  a  pair  of  feathers.  From  the  absence  of 
impressions  of  feathers  in  the  region  of  the  body,  it  has  been 
thought  that  only  the  wings  and  tail  had  these  appendages  •  but 
It  IS  far  more  probable  that  the  feathers  had  fallen  from  the  body 
as  It  lay  on  the  old  sea-shore,  while  those  of  the  wings  and  tail  still 


Fig.  iiio. — Part  of  the  skeleton,  with  impressions  of  the  feathers  of  the  wings  and  tail,  of 
ArchcEOpteryx  macrura  :  from  the  lithographic  limestone  of  Bavaria.  Reduced. 


adhered  to  their  attachments.  In  the  figure  of  the  British  Museum 
specimen  of  A.  macrura  (fig.  1 1 1  o)  the  head  is  not  shown ;  but  it 
exists  in  an  imperfect  state  of  preservation  in  the  slab.  Till  we 
know  more  of  the  other  Birds  of  the  Jurassic,  the  true  relationship 
of  Archaopteryx  to  existing  forms  cannot  be  determined. 

Order  II.  Ratit^. — The  Ratitse,  or  Struthious  Birds,  differ 
from  the  preceding  order  by  the  anchylosis  of  the  metacarpals 
(when  present)  and  the  short  tail,  which  may  terminate  in  a 
pygostyle.  They  are  further  characterised  by  the  sternum  (figs. 
1105,  iiii)  being  devoid  of  a  keel;  by  the  long  axes  of  the 
adjacent  portions  of  the  scapula  and  coracoid  being  approximately 
in  the  same  line  (fig.  im),  or  at  least  forming  an  exceedingly 
obtuse  angle  at  their  junction ;  by  the  wings  being  useless  for 
flight;  and  by  the  peculiar  characters  of  the  pelvis  (figs.  1107, 
1 1 12),  which  have  been  already  mentioned.    There  are,  moreover. 
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important  osteological  characters  connected  with  the  palatal  aspect 
of  the  skull  which  cannot  be  noticed  here ;  and  some  other  features 
have  been  mentioned  in  the  preceding  chapter.  The  massive  bones 
are  frequently  filled  with  marrow.  In  all  forms  the  fibula  remains 
quite  distinct  from  the  tibia ;  and  the  distal  end  of  the  latter  fre- 


Fig.  till.— Left  half  of  the  pectoral  girdle  and  sternum  of  Hesperomis  regalis;  from  the 
Cretaceous  of  North  America.  Reduced,  s.  Scapula  ;  k.  Humerus  ;  c,  Coracoid  ;  Clavicle  ; 
st,  Sternum.   (After  Marsh.) 

quently  has  no  bridge  over  the  extensor  tendons.  In  all  existing 
forms  the  plumage  presents  the  remarkable  peculiarity  that  the 
barbs  of  the  feathers,  instead  of  being  connected  with  one  another 
by  hooked  barbules,  as  is  usually  the  case,  are  remote  and  dis- 
connected from  one  another,'  presenting  some  resemblance  to 
hairs. 

This  order  embraces  the  largest  known  members  of  the  whole 


Fig.  1112.— Left  half  of  the  pelvis  of  Hesfieromis  regalis;  from  the  Cretaceous  of  North 
America.    Reduced.    Letters  as  in  fig.  1107.    (After  Marsh.) 

class ;  and  from  the  scattered  distribution  of  both  its  existing  and 
fossil  representatives  is  evidently  an  extremely  ancient  type.  Its 
relations  to  the  Carinatse  have  been  already  alluded  to  in  the  pre- 
ceding chapter.  The  order  may  be  divided  into  two  series,  accord- 
ing to  the  presence  or  absence  of  teeth. 

VOL.  IL  Y 
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Toothed  Series.— In  this  extinct  series  teeth  are  present  in 
the  jaws. 

Suborder  i.  Odontolc^.— The  type  and  only  known  repre- 
sentative of  this  suborder  is  Hesperornis,  of  the  Cretaceous  of  North 
America.  In  this  remarkable  Bird  (fig.  1113)  the  jaws  (fig.  1117) 
were  provided  with  a  series  of  sharp-pointed  teeth,  sunk  in  a  deep 
continuous  groove ;  but  the  anterior  portion  of  the  upper  jaw  was 


Fig.  1113. — Skeleton  o{  Hesperoniis  regalis ;  from  the  Cretaceous  of  North  America. 
About  one-tenth  natural  size.    (After  Marsh.) 

edentulous,  and  probably  sheathed  in  a  horny  covering  like  that  of 
existing  Birds.  Various  parts  of  the  skeleton  are  represented  in 
figs,  nil,  1 1 12,  and  11 17. 

In  its  whole  skeletal  organisation  Hesperomis  conforms  strictly  to  the 
existing  Ratite  type  ;  but  there  were  four  digits  in  the  pes  (all  of  which 
were  directed  forwards),  and  Professor  Marsh  believes  that  it  was  of 
aquatic  habits,  and  compares  it  to  a  swimming  Ostrich.  According  to 
the  description  of  the  same  authority,  the  tail  consists  of  about  twelve 
vertebras,  of  which  the  last  three  or  four  are  amalgamated  to  form  a  flat 
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terminal  mass,  there  being  at  the  same  time  clear  mdications  that  the 
tail  was  capable  of  an  up  and  down  movement  m  a  vertical  plane,  thus 
probably  fitting  it  to  serve  as  a  swimming-paddle  or  rudder.  The  ver- 
tebrjE  of  the  cervical  and  dorsal  regions  are  of  the  ordmary  ornithic  type. 
The  le"-s  were  powerfully  constructed,  and  the  feet  were  adapted  to  assist 
the  bird  in  rapid  motion  through  the  water.  The  known  remains  of  the 
typical  Hesperornis  regalis  (fig.  11 13)  prove  it  to  have  been  of  larger 
dimensions  than  any  of  the  aquatic  members  of  the  class  with  which 
we  are  acquainted  at  the  present  day.  It  appears  to  have  stood  between 
five  and  six  feet  high,  and  its  inability  to  fly  is  fully  compensated  for 
by  the  numerous  adaptations  of  its  structure  to  a  watery  life.  Its  teeth 
prove  it  to  have  been  carnivorous  in  its  habits,  and  it  probably  lived 
upon  fishes.  A  second  species  of  this  genus  occurs  in  the  same  deposits, 
and  is  known  as  Hesperornis  crassipes  ;  but  it  was  originally  regarded  as 
belonging  to  a  distinct  genus,  and  named  Lestornis. 

Toothless  Series. — This  series,  which  includes  the  whole  of  the 
remaining  forms,  is  characterised  by  the  absence  of  teeth. 

Suborder  2.  yEpyornithes. — This  suborder  is  represented  by  a 
single  family,  the  ^pyornithtdcB,  of  the  Pleistocene  of  Madagascar. 
The  one  known  genus,  ^pyornis,  is  characterised  by  the  shortness 
of  the  beak ;  the  small  wings ;  the  absence  of  a  tibial  bridge  over 
the  extensor  tendons;  and  the  presence  of  a  hallux  in  the  pes. 
The  typical  maximus  appears  to  have  attained  dimensions 
rivalling  those  of  the  largest  species  of  Dinornis  (to  be  shortly 
mentioned) ;  and  eggs  have  been  found  in  association  with  the 
bones  measuring  fourteen  inches  in  diameter,  and  computed  to  be 
equal  in  capacity  to  three  eggs  of  the  Ostrich.  At  least  two 
smaller  species  of  the  same  genus  occur  in  the  Madagascar 
Pleistocene. 

Suborder  3.  Apteryges. — The  members  of  the  second  suborder 
of  this  series  are  confined  to  New  Zealand,  and  may  all  be  included 
in  the  family  Apierygidce,  which  is  now  represented  by  the  Kiwis 
or  Apteryx  (fig.  1 1 1 4).  They  are  distinguished  from  all  other  ex- 
isting members  of  the  order  by  their  extremely  long  and  slender 
beak,  which  is  adapted  for  probing  the  soft  marshy  ground  which 
they  frequent  in  search  of  worms  and  other  food.  Omitting  mention 
of  the  peculiar  cranial  and  sacral  characters,  it  may  be  observed  that 
the  wing  has  a  comparatively  short  humerus,  and  not  more  than 
one  ungual  phalangeal.  The  tibia  is  furnished  with  a  bony  bridge 
over  the  extensor  tendons  ;  and  there  is  a  hallux  to  the  pes.  The 
feathers  have  no  aftershafts.  The  Kiwis  are  essentially  nocturnal 
in  their  habits.  Remains  of  the  existing  species  of  Apteryx  are 
found  fossil  in  the  Recent  and  Pleistocene  deposits  of  New  Zealand  ; 
while  some  much  larger  bones  from  the  same  deposits  have  been 
described  by  the  late  Sir  Julius  von  Haast  under  the  name  of 
Megalapteryx,  which  appears  to  have  been  a  giant  form  closely 
allied  to  the  existing  genus. 
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Suborder  4.  IMMANES.-This  recently  extinct  group,  like  the 
ast,  IS  almost  peculiar  to  New  Zealand,  and  comprises  so^^e  of  he 
la  gest  known  Birds.  The  beak  (fig.  x  1 1 5)  is  short ;  the  wings  are 
either  very  small  or  totally  wanting ;  the  tibia  has  distal  bridg 
over  the  extensor  tendons;  and  in  some  instances  there  was  a 
hallux  in  the  pes.  The  characters  of  the  skull  and  pelvis  come 
nearest  to  those  of  the  next  suborder,  and  the  feathers^ave  after 
Shafts  This  group  has  been  divided  into  the  Dinornithida,  and 
ralapterygidm,  on  account  of  the  absence  of  the  hallux  in  the 
lormer.  Although  this  distinction  has  been  doubted  by  some 
writers,  who  consider  that  Dinorms  had  a  hallux,  it  appears  to  be 


Fig.  iin.—Apteryx  australis,  New  Zealand. 

a  valid  one.  Apart,  however,  from  this  point,  according  to  the  late 
Sir  J.  von  Haast,  the  Palapterygida  were  provided  with  rudi- 
mentary wings,  while  in  the  Dmornithidce  those  appendages  were 
totally  absent.  Mr  De  Vis  has  described  some  bird-bones  from 
the  Pleistocene  of  Queensland  under  the  name  of  Dinorms  queejis- 
landia  ;  this  being  the  only  instance  in  which  remains  of  this  group 
have  been  recorded  elsewhere  than  in  New  Zealand.  Sir  J.  von 
Haast  proposes  to  divide  the  Palapterygidce  into  Falaptetyx  and 
Eufyapteryx,  and  the  Dinornithida  into'  Dinorms  and  Mionornis. 

The  first  evidence  of  the  existence  of  this  marvellous  group  was  afforded 
by  a  fragment  of  the  shaft  of  one  of  the  bones  of  the  leg  brought  to  Sir 
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Richard  Owen  at  a  time  when  the  existence  of  such  huge  Birds  was 
totally  unsuspected,  and  upon  which  evidence  he  founded  the  type 
genus.  That  the  Moas,  as  these  Birds  are  termed  by  the  Maories  of 
New  Zealand,  have  only  been  exterminated  at  a  comparatively  recent 
date  is  proved  by  the  occurrence  of  nearly  entire  skeletons  with  the  skin 
and  feathers  still  adhering  to  them,  as  well  as  by  fragments  of  the  eggs 
retaining  their  original  pale-green  colour.  The  largest  species  is  D. 
waximus,  of  which  the  total  height  was  about  ten  feet,  the  tibia 
measuring  a  yard  in  length.     Another  species,  D.  elephantopits  (fig. 


Fig.  1 1 15. — Skeleton  of  Dinornis  elephantopus  :  from  the  Pleistocene  of  New  Zealand. 
Greatly  reduced.    (After  Owen.) 

1 1 15),  although  not  standing  more  than  about  six  feet  in  height,  was  of 
even  more  rnassive  construction,  the  toe-bones  almost  rivalling  those  of 
the  elephant  in  size.    The  number  of  species  described  is  very  large. 

Suborder  5.  Megistanes. — The  Emeus  and  Cassowaries  are 
characterised  by  certain  structural  peculiarities  in  the  base  of  the 
short  cranium ;  by  the  moderately  long  humerus ;  the  presence  of 
only  one  complete  digit  in  the  manus,  which  is  furnished  with  a 
claw ;  the  absence  of  a  ventral  symphysis  in  the  pubes  or  ischia ; 
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the  want  of  a  bridge  over  the  extensor  tendons  in  the  tibia  •  and 
the  suppression  of  the  hallux.  The  family  Dromc^idce  is  repre- 
sented by  the  existing  Emeu  {Drommis)  of  Australia,  and  also  by 
fossil  species  m  the  Pleistocene  of  the  same  country.  Dromornis 
from  the  latter  deposits,  is  an  extinct  genus  referable  to  this  family' 
Ihe  characters  of  the  pelvis  of  the  existing  genus  are  shown  in  fig. 
1 107.  The  CasuariidcE,  now  characteristic  of  the  Australasian 
region,  have  not  hitherto  been  definitely  recorded  in  a  fossil  state  • 
although  it  is  possible  that  a  phalangeal  from  the  Indian  Siwaliks 
may  be  referable  to  this  family. 

Suborder  6.  Rhe^.— The  Rheida,  which  alone  constitute  this 
group,  and  are  confined  to  South  America,  differ  from  the  Megi- 
stanes  by  the  structure  of  the  palate,  as  well  as  by  the  longer  hu- 
merus, the  presence  of  three  digits  (of  which  two  are  clawed)  in  the 
manus,  by  the  ventral  union  of  the  ischia,  and  the  absence  of  an 
aftershaft  to  the  feathers.  Remains  of  Rhea,  which  are  referred  to 
the  existing  species,  occur  in  the  Pleistocene  cave-deposits  of  Brazil. 

Suborder  7.  Struthiones. — The  family  Struthionida  is  the 
sole  representative  of  this  suborder ;  the  only  existing  species  being 
the  Ostrich  {Struthio  cmnelus),  which  is  now  confined  to  Africa  and 
Arabia,  although  it  formerly  ranged  into  Persia,  and  probably  also 
to  Baluchistan  and  the  north-west  frontier  of  India.  In  addition 
to  the  characters  of  the  palate,  Struthio  differs  from  Rhea  by  the 
union  of  the  pubes  in  a  ventral  symphysis,  and  also  by  the  suppres- 
sion of  the  second  digit  of  the  pes,  in  consequence  of  which  the 
distal  end  of  the  tarso-metatarsus  has  but  two  trochleae.  This  genus 
is  represented  in  the  Pliocene  Siwaliks  of  India,  and  also  in  the 
Lower  Pliocene  of  the  Isle  of  Samos,  in  the  Turkish  archipelago, 
by  remains  referred  to  two  species.  These  forms,  which  may  be 
specifically  the  same,  appear  closely  allied  to  the  existing  Ostrich. 
An  egg,  from  Tertiary  beds  near  Gallipoli — the  ancient  Chersonese 
— described  under  the  name  of  Struthioiithus,  probably  belongs  to 
the  existing  genus,  and  very  likely  to  the  species  occurring  at  Samos. 
These  fossil  forms  point  to  the  conclusion  that  the  original  home  of 
the  genus  was  probably  in  Asia. 

Suborder  8.  Gastornithes. — The  GastornithidcB,  whose  re- 
mains occur  in  the  Lower  Eocene  of  Europe,  were  large  Birds 
which  may  probably  be  classed  with  the  Ratitae,  and  are  apparently 
entitled  to  distinct  subordinal  rank.  Their  tibia  agrees  with  that  of 
the  Apteryges  and  Immanes  in  having  a  bony  bridge  over  the  ex- 
tensor tendons,  but  makes  a  curious  approximation  in  shape  to  that 
of  certain  members  of  the  Carinate  suborder  Anseres.  The  wings 
were  somewhat  larger  than  in  the  Ostrich ;  and  the  cranium,  which 
is  estimated  to  have  been  fifteen  inches  in  length,  had  the  alveolar 
margins  of  the  jaws  serrated,  as  in  the  genus  Odontopteryx  (fig. 
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1121)  Remains  of  Gastornis  have  been  recorded  from  Meudon, 
near  Paris,  from  Rheims,  and  from  Croydon,  and  have  been  referred 
to  four  species.  The  huge  Diairyma,  from  the  Lower  Eocene  of 
North  America,  appears  to  be  closely  allied  to,  if  not  identical  with, 
Gastornis.  Bird-bones  from  the  Tertiary  of  South  America,  de- 
scribed by  Dr  Moreno  under  the  name  of  Mesetnbriornis,  and  com- 
pared to  the  Anseres,  probably  indicate  a  member  of  this  group, 
since  they  are  fully  as  large  as  the  corresponding  bones  of  the 

Ostrich.  .  ,     T  J 

Here  also  may  be  noticed  an  imperfect  cranium  from  the  London 
Clay,  described  by  Sir  R.  Owen  as  Dasornis,  and  regarded  by  him. 
as  pertaining  to  a  Ratite  Bird.    And  it  may  be  also  mentioned  that 
an  imperfect  limb-bone  from  these  deposits,  which  has  been  named 
Megalornis,  may  perhaps  belong  to  the  same  genus. 

Order  IIL  Carinat^e. — The  third  order,  which  is  now  by  far 
the  most  numerously  represented,  is  generally  characterised  by  the 
presence  of  a  median  keel  to  the  sternum,  and  by  the  long  axes  of 
the  adjacent  portions  of  the  scapula  and  coracoid  forming  at  their 
junction  an  acute  or  slightly  obtuse  angle,  as  well  as  by  the  upward 
extension  of  the  ischium  towards  the  ilium  (fig.  1102).  In  most 
cases  the  wings  are  adapted  for  flight,  but  in  some  instances  they 
have  become  atrophied,  while  in  others  they  are  modified  into 
swimming  organs. 

There  is  still  considerable  diversity  of  views  obtaining  among 
Ornithologists  as  to  the  classification  of  this  order,  and  all  such 
schemes  must  consequently  be  regarded  as  more  or  less  provisional. 
In  the  present  work  the  classification  adopted  by  Mr  P.  L.  Sclater 
is  followed  in  the  main,  although  certain  modifications  suggested  by 
Professor  Newton  have  been  incorporated. 

Before  noticing  those  fossil  forms  which  are  susceptible  of  being 
placed  in  definite  groups  it  will  be  advisable  to  mention  briefly 
certain  remains  of  which  the  affinity  has  not  yet  been  determined, 
although  it  is  probable  that  at  least  the  majority  should  find  a  place 
in  the  present  order.  As  to  Laopteryx,  of  the  Upper  Jurassic  of 
North  America,  there  appears,  as  already  mentioned,  to  be  consider- 
able doubt  whether  it  is  really  Avian  at  all.  In  the  Cretaceous  of 
the  same  country  we  have  Apatornis,  Graculavus,  Laornis,  Palao- 
tringa,  and  Telmatornis  ;  many  or  all  of  which  probably  belong  to 
the  first  suborder.  In  England  the  oldest  known  iDird-remains 
occur  in  the  Cambridge  Greensand,  and  have  been  named  Ena- 
liornis,  although  it  is  quite  probable  that  they  may  indicate  more 
than  one  genus.  Some  of  these  vertebrae  have  more  or  less  flat- 
tened centra ;  while  the  tarso-metatarsus,  in  which  the  fusion  of  the 
component  elements  is  incomplete,  is  compared  to  that  of  the  exist- 
ing Colymbus  and  also  to  that  of  Ichthyornis,  and  it  is  highly  prob- 


I230 


CLASS  AVES. 


able  that  these  Birds  were  allied  to  the  latter  genus.  The  bones 
from  the  Cretaceous  of  Europe  described  as  Palceornis^  6^ohZ^ 
and  Cretor7iis,  belong  to  Ornithosauria.  ^^monornis, 
In  the  Tertiary  we  have  Eupterornis  and  Remiornis  from  the 
Lower  Eocene  of  Rheims ;  while  the  Upper  Eocene  (Lower  Oligo 


Fig.  1 1 16.— Restoration  of  the  skeleton  of  Ichthyomis  dispar;  from  the  Cretaceous  of 
North  America.    Reduced.    (After  Marsh.) 

cene)  of  Hampshire  has  yielded  Macrornis,  and  the  Lower  Miocene 
(Upper  Oligocene)  of  the  same  county  Ptenornis. 

Toothed  Series. — This  extinct  series  is  characterised  by  the 
presence  of  teeth,  and  typically  of  amphicoelous  vertebras. 
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Suborder  i.  Odontorm^.— The  one  suborder  which  is  the 
only  known  representative  of  this  series  contains  the  family  Ichthy- 
ornithidce,  from  the  North  American  Cretaceous,  of  which  Ichthy- 
ornis  is  the  only  definitely  known  genus,  although  it  is  highly  prob- 
able that  Apatornis,  and  some  of  the  other  Cretaceous  forms  already 
mentioned,  may  also  belong  to  this  or  an  allied  family.  The  teeth 
of  Ichthyornis  (fig.  1117,  «)  are  comparatively  large,  and  are  set  in 
distinct  sockets ;  while  the  centra  of  the  vertebrae  are  amphicoelous. 
There  were  about  twenty  teeth  in  each  jaw,  which  are  directed  ob- 
liquely backwards.  The  rami  of  the  mandible  were  but  loosely 
united ;  and  it  is  probable  that  the  jaws  were  not  sheathed  in  horn. 
The  adult  of  the  typical  I.  dispar  (^g.  11 16)  was  about  equal  in 
size  to  a  Rock-pigeon ;  and  in  all  essential  features  of  its  organisa- 


Fig.  H17. — a,  Left  ramus  of  the  mandible  of  Ichthyornis,  slightly  enlarged  ;  b,  Do.  of  Hen- 
peromis,  about  one-fourth  natural  size  ;  c,  d,  Anterior  and  lateral  aspects  of  cervical  vertebra  of 
Ichthyamis,  twice  natural  size  ;  d.  Tooth  of  Hesperornis,  twice  natural  size.    (After  Marsh.) 


tion  this  genus  conforms  so  exactly  with  the  existing  Carinate  type, 
that  there  appears  every  reason  for  including  it  in  the  same  order, 
rather  than  following  Professor  Marsh's  view  of  placing  it,  together 
with  Hesperornis,  in  a  separate  order  under  the  name  of  Odontor- 
nithes. 

Toothless  Series. — In  this  series,  which  comprises  all  existing 
Carinates,  no  teeth  are  ever  functionally  developed,  although  germs 
occur  in  the  young  of  one  group. 

Suborder  2.  Crypturl — The  Tinamous  {Tinamus,  &c.)  which 
constitute  this  suborder,  show  more  signs  of  affinity  in  the  structure 
of  their  pelvis  and  skull  to  the  Ratitse,  than  is  exhibited  by  any 
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Other  group  of  this  order.  They  are  confined  to  the  New  World 
and  are  represented  in  a  fossil  state  by  remains  of  exisdng  spec  LI 

theZT^'f  I^^^,^^^s.-The  Penguins  (A/fenody^es,  &c.)  of 
erLnTS  /'^"^^I'Tk"  P^^"''-ly -teresting  and  well-defined 
group  of  Birds,  in  which  the  wings  are  modified  for  swimming,  and 
he  component  borxes  of  the  tarso-metatarsus  are  separated  by  vacui- 
ties. It  has  recently  been  proposed  that  the  Impennes  should  form 
a  primary  group  of  equivalent  rank  with  the  Carinat^,  under  the 
nanie  of  Eupodornithes.  Unfortunately  scarcely  anything  is  known 
ot  their  pateontological  history,  the  only  fossil  type  being  Pa/^- 
eudyptes  from  the  Tertiary  of  New  Zealand. 

Suborder  4.  Tubinares.— The  Petrels,  or  FrocellariidcB,  are 
the  only  family  of  this  group.    The  only  known  fossil  representa- 
tives are  members  of  the  existing  genus  (Shearwater),  which 
have  been  recorded  from  the  Lower  Miocene  of  Allier,  in  France 
and  also  from  the  Miocene  of  the  United  States.  ' 

Suborder  5.  Pygopodes.— According  to  the  opinion  of  Pro- 
fessor Newton  this  and  the  two  following  groups  should  be  regarded 
merely  as  sections  of  a  single  suborder,  but  since  no  name  has  been 
proposed  for  this  larger  group  the  three  divisions  are  retained.  Of 
the  Pygopodes,  the  Akidce,  or  Auks,  include  the  Great  Auk  (Alca 
impenms)  of  the  Arctic  regions,  which  now  appears  to  be  totally  ex- 
tinct, but  of  which  the  remains  are  found  abundantly  in  the  peat 
and  other  superficial  deposits  of  northern  Europe.  Remains  re- 
ferred to  the  genus  Uria  (Guillemots)  are  found  in  the  Upper  Plio- 
cene of  Italy;  and  Guillemots  also  occur  in  the  Tertiary  of  the 
United  States,  where  they  have  been  described  under  the  name  of 
Catarrades.  In  the  Colymbida,  which  includes  the  Grebes  and 
Divers,  remains  of  the  Red-throated  Diver  {Colymbus  glacialis)  are 
found  in  the  Pleistocene  deposits  of  Mundesley,  in  Norfolk ;  while 
the  extinct  Colymboides  of  the  Lower  Miocene  of  Allier  appears  to 
be  an  allied  form. 

Suborder  6.  Gavi^.— Of  the  Larida  (Gulls  and  Terns)  a  species 
of  Larus  occurs  in  the  Allier  Miocene ;  while  Hydrornis  of  the  lat- 
ter deposits  may  probably  be  referred  to  the  same  family.  An 
undetermined  genus  from  the  London  Clay  may  perhaps  be  also 
referable  to  the  present  group. 

Suborder  7.  Limicol^. — The  Limicolse  are  somewhat  abun- 
dantly represented  in  Tertiary  deposits;  the  subaquatic  habits  of 
many  of  its  members  being  probably  conducive  to  the  preservation 
of  their  remains.  In  the  family  Scolopacidce,  the  genus  Numenius 
(Curlew)  is  recorded  from  the  Middle  Miocene  of  Gers,  in  France, 
and  the  Pliocene  of  Italy ;  Li?fiosa  (Godwit)  occurs  in  the  Upper 
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Eocene(Lower  Oligocene)  of  Montmartre;  Totanus  (Redshank)  in  the 
Allier  Miocene  and  the  Pliocene  of  the  Val  d'Arno,  in  Tuscany  ;  and 
Trinm  (Knot  and  Dunlin)  probably  in  the  Montmartre,  and  cer- 
tainly in  the  Allier  beds,  and  the  equivalent  deposits  of  the  Mayence 
basin  Elorius  is  an  extinct  genus  from  Allier,  probably  allied  to 
Limosa.  The  Woodcock  {Scolopax  rusticola)  has  left  its  remains  in 
the  Pleistocene  of  Westphalia ;  and  a  species  of  Himantopus  (Stilt) 
is  found  in  the  Allier  Miocene.  In  the  family  Charadriida  (Plovers) 
a  species  of  the  type  genus  Charadrius  occurs  in  the  Upper  Eocene 
of  Colorado ;  while  the  genus  Camascelus  (with  which  Dolichopterus 
is  not  improbably  identical)  is  known  from  the  Lower  Miocene  beds 
of  Ronzon,  in  France. 

Suborder  8.  Alectorides. — The  Alectorides  form  a  somewhat 
ill-defined  group,  which  is  taken  by  Mr  Sclater  to  include  the 
OtididcE,  although  Professor  Newton  regards  the  latter  as  more 
nearly  allied  to  the  Gavise  and  Limicolse.  The  family  Gruidm,  or 
Cranes,  is  represented  by  the  type  genus  Grics  in  the  Pleistocene  of 
Europe,  India,  and  the  United  States,  and  also  in  the  Lower  Pliocene 
Pikermi  beds  of  Greece,  and  the  Miocene  of  Allier.  Allied  extinct 
genera  are  Palceogriis  of  the  Eocene  of  Italy,  and  Aletornis  of  that  of 
Wyoming.  The  Otididce.  are  represented  by  a  species  of  Bustard 
{Otis)  in  the  Allier  Miocene. 

Suborder  9.  Fulicari^. — This  suborder  comprises  the  Rails, 
Coots,  Water-hens,  etc.;  all  of  which  are  included  in  the  single 
family  Eallidce,  and  are  of  more  or  less  aquatic  habits.  Birds  re- 
ferred to  the  type  genus  Jiallus  (Rail)  occur  in  the  Montmartre 
Eocene,  the  Miocene  of  Allier  and  Gers,  and  the  Italian  Pliocene. 
Remains  of  Gallinula  (Water-hen)  are  recorded  from  the  Pleisto- 
cene beds  of  Brazil  and  Queensland ;  in  both  of  which  deposits 
we  meet  with  others  referred  to  Porphyria  (Purple  Water-hen) — a 
genus  now  widely  distributed  over  the  warmer  regions  of  the  globe. 
An  extinct  species  of  Coot  i^Fulicd)  has  also  been  described  from 
the  Queensland  Pleistocene.  Notornis,  which  occurs  in  the  Pleisto- 
cene of  New  Zealand  and  was  also  found  living  some  years  ago, 
is  a  large  Rail  allied  to  the  Australian  Tribonyx ;  while  Aptornis, 
which  is  a  very  large  form  from  the  same  deposits  totally  incapable 
of  flight,  is  more  nearly  related  to  the  existing  Ocydromus  of  New 
Zealand.  Aphanapteryx  (Erythromachus)  from  the  Pleistocene  of 
Mauritius  and  Rodriguez  is  another  large  Rail  allied  to  Ocydromus. 
Lastly,  Gypsornis,  of  the  Montmartre  Eocene,  is  considered  to  be 
the  earliest  representative  of  this  family. 

Suborder  i  o.  GALLiNiE. — The  Gallinae  form  a  large  group  of 
Birds  mostly  living  to  a  considerable  extent  on  the  ground,  and  of 
comparatively  stout  build.  They  comprise  the  families  Megapod- 
idce  (Megapodes),   Cracidce  (Curassows  and  Guans),  Phasianidoi 
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(Pheasants  Turkeys,  etc.),  and  Tetraonidc  (Grouse).  The  Gallinse 
together  with  the  following  group  of  Columb.\-ere  form  ly 
bracketed  together  under  the  name  of  Rasores,  and  it  is  by  no 
means  certain  that  the  departure  from  this  arrangement  is  an  advis- 
able one.  The  skull  (fig.  1 1 03,  p.  1 2 1  o)  has  peculiar  palatal  features 
a  sharp  curved  beak,  and  a  recurved  process  to  the  angle  of  the 
mandible.  Many  of  the  genera  of  Gallinae  (especially  the  males) 
are  characterised  by  the  presence  of  one  or  more  strong  bony  spurs 

on  the  inner  side  of  the  tarso-metatarsus 
(fig.  1 1 18).  The  first  two  families  are  at 
present  unknown  in  a  fossil  condition.  In 
the  FhasianidcB,  however,  the  typical  genus 
Phasianus  occurs  in  the  Allier  and  Gers 
Miocene  deposits,  and  also  in  the  Lower 
Pliocene  of  Pikermi ;  Francolinus  (Fran- 
colin)  is  represented  by  remains  of  exist- 
ing species  in  the  Pleistocene  of  Southern 
India  (fig.  11 18);  Coturnix  (Quail)  in  the 
Montmartre  Eocene  gypsum  j  the  extinct 
Palaortyx  in  both  the  latter  deposits  and 
the  Isbre  and  Allier  Miocene  beds,  the 
-Francolinus  pondi-  so-callcd   PalcRoperdix  of   the  Mavence 

ceriatius.     The  left  tarso-meta-    -k/t-  ,     .  ,  .  "'-'^J^^^'^'^ 

tarsus;  from  the  Pleistocene  of  Mioccne  being  probably  identical;  while 

Madra,s.  «,  Posterior      Anterior   ^  specicS  of  GalluS,  SOmCwhat  larger  than 

the  existing  Indian  G.  Sonnerati,  is  found  in 
the  Pikermi  Pliocene.  From  the  Miocene  of  the  United  States  a 
Turkey  {Mekagris  andqua)  has  been  recorded,  and  is  described  as 
equal  in  size  to  the  living  species  now  characteristic  of  America. 
In  the  TetraonidcB  remains  of  the  living  Capercaillie  {Tetrao  uro- 
gallus)  occur  in  the  Norfolk  Forest-bed ;  while  an  extinct  species 
of  the  same  genus  has  been  described  from  the  Upper  Eocene  of 
Languedoc.  Remains  of  the  existing  Willow  Grouse  {Lagopus 
albtis)  are  found  in  the  Pleistocene  of  Westphalia. 

Suborder  ii.  Columb^. — This  group  is  taken  to  include  the 
existing  Sand-grouse  {Pteroclidce),  and  the  Pigeons  {Columbidce).  In 
the  first-named  family  a  species  of  the  type  genus  Pierocles  has  been 
described  from  the  Allier  Miocene.  The  Colu7nbida.  are  known  by 
a  species  referred  to  Columba  from  the  last-named  deposits,  as  well 
as  by  another  provisionally  referred  to  the  same  genus  from  the 
Pleistocene  of  Rodriguez.  Of  especial  interest  is  a  tarso-metatarsus 
from  the  Pleistocene  of  Queensland  described  by  Mr  De  Vis  under 
the  name  of  Progoura,  and  regarded  as  indicating  a  bird  allied  to 
the  Crowned-Pigeons  {Goura)  of  New  Guinea.  Goura  shows 
some  signs  of  affinities  to  the  Phasiantda,  and  these  resemblances 
are  said  to  be  more  marked  in  Progoura,  which  is  double  the 
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Size  Of  the  existing  forms.  Here  also  "^^Y  be  placed  the  now 
extinct  family  Didida,  represented  by  the  Dodo  {Didus  tneptus)  of 
Mauritius,  and  the  Solitaire  {Pezophaps  solitaria)  of  Rodriguez. 

Of  these  two  singular  birds,  the  Dodo  formerly  inhabited  Mauritius 
in  ereat  numbers,  but  the  last  record  of  its  occuirence  dates  from  the 
le-xf  1681  h  wS'a  large  and  heavy  bird  (fig.  1119),  b.gger  than  a  swan 
S  entirely  unlike  the  pigeons  in  general  appearance  The  w.ngs  were 
rudimentary  and  completely  useless  as  organs  of  fl  ght.  The  legs  were 
sSorS  Jtout,  the  feet  had  four  toes  each,  and  the  tail  was  extremely 


Fig.  1119.— Skeleton  of  the  Dodo  (Didus  inejitus),  restored.    (After  Owen. 


short,  carrying,  like  the  wings,  a  tuft  of  soft  plumes.  The  beak  (un- 
like that  of  any  of  the  Columba  except  the  little  Didu?tculus  strigiros- 
tris)  was  arched  towards  the  end,  and  the  upper  jaw  had  a  strongly- 
hooked  apex,  not  unlike  that  of  a  bird  of  prey.  The  frontal  region  of 
the  skull  was  greatly  elevated  and  tumid,  from  the  excessive  development 
of  cellular  cavities  between  the  two  tables  of  the  skull,  and  the  actual 
brain-case  was  very  small  in  proportion  to  the  size  of  the  cranium.  In 
many  respects  allied  to  the  Dodo,  and,  like  it,  incapable  of  flight,  was 
the  Solitaire,  of  which  the  last  recorded  appearance  was  in  the  year 
1693.  The  Solitaire  had  longer  legs  and  neck  than  the  Dodo,  the  bill 
was  less  strongly  arched,  its  forehead  flatter,  and  there  was  developed 
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lik^mn^"      f  side  of  the  metacarpus  an  extraordinary  spherical  callus 
urfaTe     T.i°"''  "'r'  "  '^usket-ball,  and  with  a  oughen^^^^^ 

fn.r  ^I'  ,  "  ^•"§^"1=^'"  callosity  is  much  more  developed  in  certain 
sn^Z  tn  ^"~r'^^^^■'°  n^^les-than  in  others,  whic^hte  may  pre 
sume  to  be  females  ;  it  was  doubtless  covered  during  hfe  bv  a  Lrnv 
mtegument,  and  seems  to  have  been  used  as  an  offinsive^  weapon 
Both  hese  Birds  are  known  to  us  by  nearly  entire  skeletons  obtS 
ecently  from  the  is  ands  which  they  inhabited  ;  and  of  the  Dodo  Je 
have  also  a  few  remains  belonging  to  entire  specimens  once  preserved  n 

.Z^Z"^'"""'  ^^'^'^  were  unfortunately  allowed  to  fall  into  decay  from 
apparent  ignorance  of  their  priceless  value. 

Remains  of  existing  species  of  several  genera  of  ColumbidcB  are 
found  in  the  Pleistocene  cave-deposits  of  Brazil. 

Suborder  12.  Anseres.— The  Anseres,  or  Goose-like  Birds,  form 
a  well-defined  subordinal  group,  characterised  by  peculiar  features 
in  the  palatal  region  of  the  skull,  and  by  the  perfectly  webbed  feet  • 
the  beak  being  generally  broad  and  spatulate,  and  the  angle  of  the 
mandible  with  a  recurved  process  (fig.  11 20).  All  the  existing 
members  of  this  group  are  referred  to  the  family  Anatida,  which 
IS,  however,  split  up  into  several  subfamilies.  A  peculiar  subfamily 
IS  represented  by' the  living  Cereopsis,  of  Australia;  allied  to  which 
IS  the  much  larger  extinct  Cnemiornis,  of  the  Pleistocene  of  New 


Fig  1120.— Skull  of  Spur-winged  Goose  {.PUctropterus  gambettsis).  Reduced. 


Zealand,  which  was  quite  incapable  of  flight.  In  the  subfamily 
Anserince,  remains  of  the  Grey-Lag  Goose  {Anser  cinereus)  occur 
in  the  European  Pleistocene.  The  Cygnince,  or  Swans,  are  repre- 
sented by  the  extinct  Cygnus  Falconeri,  from  the  Pleistocene  cave- 
deposits  of  Malta.  In  the  Anatina  (Ducks)  an  extinct  species  of 
Tree-duck  (Dendrocygna)  is  recorded  from  the  Pleistocene  of 
Queensland.  Remains  of  the  Wild-duck  {Anas  boscas)  occur  in 
the  Pleistocene  of  Europe ;  A.  atavce.  and  A.  cygniformis  are  found 
in  the  Middle  Miocene  of  Bavaria,  the  latter  species  being  nearly 
as  large  as  a  Swan  ;  A.  ainingensis,  from  the  Upper  Miocene  of 
Switzerland ;  A.  lignijila,  from  the  Middle  Miocene  of  Italy ;  and 
A.  Blanchardi,  from  the  Allier  Miocene.    Remains  of  the  Shoveller 
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Duck  (Spatula  clypeatd)  have  been  found  in  the  Norfolk  Forest- 
bed  In  the  FuIigulincB,  the  type  genus  Fuligula  (Pochard)  is 
recorded  from  the  Upper  Pliocene  of  the  Val  d'Arno,  in  Italy, 
and  Nyroca  (White-eyed  duck),  from  the  Pleistocene  of  Queens- 
land ;  while  in  the  Mergina,  it  is  probable  that  Mergus  (Merganser) 
was  represented  in  the  Pliocene  Siwaliks  of  India.  The  extinct 
Chenornis,  of  the  Italian  Miocene,  also  belongs  to  this  family, 
although  its  precise  position  is  uncertain. 

Suborder  13.  Odontopteryges. — The  Odontopterygidce,  repre- 
sented by  Odo7itopteryx,  of  the  London  Clay,  appear  to  indicate  a 
distinct  subordinal  group,  which  may  be  provisionally  placed  here. 
In  this  singular  bird  the  alveolar  margins  of  both  jaws  are  furnished 
with  tooth-like  serrations  (fig.  1121)  which  differ  from  true  teeth 
in  being  actually  parts  of  the  osseous  substance  of  the  jaw  itself, 
and  thereby  agree  with  those  found  in  the  Chelonian  genera  Har- 
della  and  Batagur.    They  are  of  triangular  or  compressed  conical 


Fig.  1121. — Skull  of  Odontopteryx  toliafiictis ,  restored  ;  from  the  London  Clay. 

(After  Owen.) 


form,  and  of  two  sizes.  Upon  the  whole,  Odontopteryx  would 
appear  to  be  most  nearly  allied  to  the  Anatidce,  but  the  serration  of 
its  jaws  is  an  entirely  unique  character,  unknown  in  any  existing 
type. 

Suborder  14.  PALAMEDEiE. — Of  this  group,  comprehending  only 
the  American  Screamers  (Chauna,  &c.),  no  fossil  representatives  are 
known. 

Suborder  15.  ODONTOGLOSSiE. — The  only  family  of  this  group 
is  the  Phanicopteridce,  or  Flamingos,  which  are  exceedingly  long- 
limbed  waders,  distinguished  by  a  peculiar  downward  bend  of  the 
beak,  and  presenting  characters  connecting  them  on  the  one  hand 
with  the  Anseres,  and  on  the  other  with  the  Herodiones.  The 
existing  genus  Phanicopterus  is  found  in  the  Allier  Miocene ;  while 
in  the  same  beds,  as  well  as  in  the  equivalent  deposits  of  the 
Mayence  basin,  and  also  in  the  somewhat  higher  strata  of  Stein- 
heim,  in  Bavaria,  occurs  the  peculiar  genus  Fala:lodus,  which, 
while  apparently  allied  to  Fhcenicopterus,  presents  some  affinity  to 
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the  Limicolae,  and  also  shows  one  osteolodcal  feature  now  ^,,1 

(dS*  sr"?  "''t'". ^"^-/^GrebStd  c„;,2 

JUivers)  Elorms,  from  the  Lower  Miocene  of  Ronzon  anne^^r. 
to  be  also  alhed  to  the  Flamingos;  while  W^  'frr Th 

^^ririT;^,""—^  p-^^p^     -luded  i: 

Suborder  16   HERODioNES.-This  suborder  includes  the  I^/ata- 
letd.,or  Spoonbills  and  Ibises;  the  Ciconnd.,  or  Storks ;  and  the 
or  Herons  ;  all  of  which  are  waders.    The  Platakidl  are 
represented  m  past  epochs  by  an  extinct  species  of /^f  S^^rj)' 

^"rTK-'^.f  ""'^^"^  ^^^^^^"^^  the  existing  S 

Black-headed  Ibis  {I.  melanocephald)  has  left  its  remains  (fig.  1108 
p.  121 7)  in  the  Pleistocene  cave-deposits  of  southern  India  An- 
other existing  species  of  this  genus  occurs  in  the  cave-deposits  of 
-brazil.    In  the  Cico7ittdce,  an  extinct  species  of  the  African  and 
Oriental  genus   Leptoptilus   (Arga/a),  which  includes  the  giant 
Adjutant  Stork  of  India,  is  found  in  the  Pliocene  Siwaliks  of  the 
latter  country,  and  another  in  the  Middle  Miocene  of  Bavaria  • 
while  an    undetermined    Ciconioid,  from  the  Pikermi  beds  of 
Attica,  may  possibly  belong  to  the  same  genus.    Part  of  a  meta- 
tarsus, from  the  Tertiary  of  Argentina,  indicates  a  bird  double  the 
size  of  the  Pampean  Stork,  and  has  been  made  the  type  of  the 
genus  Palaocico7iia.    The  Indian  Siwaliks  have  also  yielded  remains 
of  another  giant  Stork,  of  which  the  genus  has  not  yet  been  deter- 
mined.   In  the  Pleistocene  of  Queensland  there  occurs  an  extinct 
species  of  Xenorhynchus.    In  the  Ardeida  the  type  genus  Ardea 
(Heron)  is  represented  in  the  Bavarian  Miocene  by  a  species  (A. 
similis)  apparently  closely  allied  to,  but  rather  stouter  than,  the 
common  Heron  {A.  cinerea) ;  and  remains  of  the  same  genus  also 
occur  in  the  Miocene  of  Allier  and  Gers.     The  Night-Herons 
{Nycticorax)  are  known  by  an  extinct  species  in  the  Pleistocene  de- 
posits of  the  Island  of  Rodriguez.    Finally,  certain  remains  from 
the  London  Clay  may  possibly  indicate  that  this  family  dates  from 
that  epoch. 

Suborder  17.  Steganopodes. — In  the  Steganopodes  are  in- 
cluded a  number  of  web-footed  Birds,  such  as  the  Darters  {Plotidce), 
Cormorants  {Phalacrocoracidce),  Albatrosses  and  Frigate-Birds  {Fre- 
gatidcB),  and  the  Pelicans  {Felicattidce),  some  of  which  are  regarded 
as  more  or  less  closely  allied  to  the  Gavise,  while  it  is  suggested 
that  there  may  also  be  a  connection  between  this  group  and  the 
Accipitres.  The  Flotidce  are  only  known  in  a  fossil  state  by  a 
species  of  the  one  genus  Flotus,  from  the  Pleistocene  of  Queens- 
land. In  the  Fhalacrocoracida  we  find  the  type  genus  Fhala- 
crocorax  {Graculus  or  Cormoranus)  in  the  Eocene  of  Montmartre, 
the  Allier  Miocene,  the  Pliocene  of  the  United  States,  and  prob- 
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ably  also  in  the  Indian  Siwaliks  ;  remains  of  the  existing  Cormorant 
iP.carbo)  being  found  in  the  Norfolk  Forest-bed.  Sula  (Gannet) 
occurs  in  the  Miocene  beds  of  Colorado  and  of  Ronzon  (Puy-en- 
Velay) ;  while  Felagornis,  of  the  Allier  Miocene,  is  provisionally 
placed  'in  this  family.  In  the  Fregatidce  remains  of  a  Diomedia, 
apparently  closely  allied  to  the  Albatrosses  of  the  Southern  seas, 
have  been  described  from  beds  at  the  top  of  the  Suffolk  Crag; 
while  it  is  considered  probable  that  Argillornis,  of  the  London 
Clay,  indicates  the  existence  of  this  family  in  the  Lower  Eocene. 
In  the  Pelecanida  remains  of  true  Pelicans  {Pelecamis)  occur 
in  the  Miocene  of  Allier  and  Bavaria,  as  well  as  in  the  Indian 
Siwaliks. 

Suborder  18.  Accipitres. — The  Accipitres,  or  Diurnal  Birds 
of  Prey,  are  characterised  by  their  curved  beak  (fig.  11 22,  b),  the 
absence  of  a  circle  of  feathers  round  the  eye,  and  the  powerful 
talons  of  the  foot  (fig.  11 22,  a),  as  well  as  by  many  osteological 
features,  and  especially  the  nearly  straight  line  formed  by  the  three 


Fig.  1122.— A,  Foot  of  the  Peregrine  Falcon  ;  b,  Head  of  Buzzard.  Reduced. 

terminal  trochlese  of  the  tarso-metatarsus  (fig.  11 23),  and  the  ab- 
sence of  a  bony  bridge  over  the  extensor  tendons  at  the  distal 
extremity  of  the  tibia.  The  probability  of  this  group  being  related 
to  the  Steganopodes  has  been  already  noticed.  The  Catkariidce, 
or  American  Vultures,  are  represented  by  existing  species  of  Cath- 
artes  and  Gyparchus  in  the  Pleistocene  of  the  Brazilian  caves.  It 
has  also  been  considered  that  this  group  is  represented  in  Europe 
by  Lithornis  vulturinus,  of  the  London  Clay ;  an  opinion  which,  if 
confirmed,  will  be  of  considerable  interest  from  a  distributional 
point  of  view.  The  peculiar  Serpentariidcz,  or  Secretary  Vultures, 
of  Africa,  are  known  by  a  species  of  the  one  existing  genus  Ser- 
pentarius  from  the  Allier  Miocene.  The  Falconidce.  include  all  the 
remaining  genera,  which  are  grouped  in  several  subfamilies.  Of 
these  the  Viilturince,  or  true  Vultures,  are  represented  in  the  Pleis- 
tocene breccia  of  Sardinia  by  remains  of  the  type  genus  Vultur; 
while  those  of  the  existing  Afro-Indian  Neophron  percnopterus  are 
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recorded  from  the  equivalent  cave-deposits  of  southern  India  In 
the  other  groups  we  have  evidence  of  a  species  of  either  Milvus  or 

Ctrais  (fig.  1 123)  from  the  last-named 
deposits,  the  figure  being  given  in  order 
to  show  the  form  of  the  distal  end  of  the 
tarso-metatarsus  so  characteristic  of  this 
suborder.  Milvus  is  recorded  from  the 
AUier  Miocene;  and  Falco  from  the 
Montmartre  Eocene.  Species  referred 
to  Aquila  are  mentioned  both  from  the 
Miocene  of  Allier  and  Gers,  and  the 
Sardinian  Pleistocene;  while  Haliaetus 
IS  recorded  from  Gers.  Of  extinct 
genera  Palaohierax,  from  the  Allier 
Miocene,  is  regarded  as  being  allied  to 
Aquila  ;  while  PalcBocircus,  of  the  Montmartre  Eocene,  is  described 
as  showing  affinity  to  the  Buzzards  {Buteo),  and  the  Osprey  {Fan- 
dton);  Teracus,  from  the  Ronzon  Miocene,  being  an  imperfectly 
known  form.  The  largest  known  member  of  this  suborder  is 
Harpagornis,  from  the  Pleistocene  of  New  Zealand,  which  was 
apparently  allied  to  Circus.  Finally,  several  existing  species  of 
Falconida  are  recorded  from  the  Pleistocene  of  the  Brazilian 
caves. 

Suborder  19.  Striges.— The  Striges,  or  Owls,  were  formerly 


Fig.  1123.— or  Circus, 
sp.  The  distal  half  of  the  left  tarso- 
metatarsus,  from  the  anterior  (a) 
and  posterior  (b)  aspects ;  from  the 
Pleistocene  of  Madras 


B  "S^Sfc  ^  A 

Fig.  1124.— A,  Foot  of  the  Long-eared  Owl  {fltus  vulgaris);  b,  Head  of  the  same.  Reduced. 


grouped  with  the  Accipitres,  but  are  now  regarded  as  being  prob- 
ably more  nearly  allied  to  the  Parrots.  Comparatively  few  fossil 
forms  are  known ;  but  in  the  Asiotiidce,  or  Eagle-Owls,  we  have  the 
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great  Eagle-Owl  {Bubo  ignavus)  in  the  Norfolk  Forest-bed,  and 
the  existing  Indian  B.  coromandus  in  the  Pleistocene  of  Madras ; 
while  this  genus  is  also  recorded  from  the  Allier  Miocene,  and  is 
represented  in  the  Eocene  of  the  United  States  by  B.  leptosteus, 
which  was  about  two-thirds  the  size  of  the  existing  B.  virginianus 
now  inhabiting  the  same  regions.  The  existing  Ceylon  Fish- 
Owl  {Cetiipa^  ceylonensis)  occurs  in  the  Pleistocene  of  Madras,  and 
the  great  European  Snowy  Owl  {Nydea  scandiacd)  in  that  of  West- 
phalia. In  the  Strigidce,  or  true  Owls,  remains  of  an  extinct  species 
of  Carine  have  been  described  from  the  Pleistocene  of  the  Island 
of  Rodriguez;  while  bones  from  the  Miocene  of  Allier  and  Gers 
have  been  referred  to  Strix. 

Suborder  20.  Psittaci. — The  Parrots,  Cockatoos,  and  their 
allies,  which  constitute  this  suborder,  are  now  confined  to  the 
warmer  regions  of  the  globe,  and  are  remarkable  for  the  presence 
of  a  hinge-joint  at  the  base  of  the  strongly-curved  cranial  portion  of 
the  beak,  whereby  the  upper  jaw  can  be  moved  upon  the  cranium 
proper,  as  is  shown  in  fig.  1 125,  A.    All  the  genera  are  of  scansorial 


Fig.  1125. — Right  lateral  aspect  of  the  skull  (a)  and  of  the  left  pes  (b)  of  Psittacus  erythacus. 
Reduced,    a,  First  (hallux) ;  b.  Second  ;  c,  Third  ;  d,  Fourth  digit.    (After  Blanchard.) 

habits,  and  the  foot  has  a  hallux  (fig.  11 25,  b).  In  the  Psitiacidce, 
or  true  Parrots,  remains  from  the  Allier  Miocene  have  been  referred 
to  the  typical  African  genus  Psittacus,  but  that  term  must  be  used 
in  a  wider  sense  than  the  one  in  which  it  is  employed  by  the  students 
of  recent  Ornithology.  Lophopsittacus  is  an  extinct  genus  from  the 
Pleistocene  of  Rodriguez.  Remains  of  the  genus  Nestor,  peculiar 
to  New  Zealand,  occur  in  the  deposits  of  that  country  which  yield 
Dinornis,  and  probably  belong  to  existing  species.  The  American 
Macaws  are  represented  by  species  of  Ara  in  the  Brazilian  cave- 
deposits.  In  the.  Falceor?iithida,  which  includes  the  Lories  and 
Parakeets,  an  extinct  species  of  the  existing  African  and  Oriental 
genus  Palaornis  occurs  in  the  Pleistocene  of  Rodriguez,  which  has 
also  yielded  the  extinct  Necropsittacus.    The  Strmgopida  of  New 

^  Amended  from  Ketupa. 
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Zealand,  and  the  Cacatuidce  (Cockatoos)  of  Australia,  have  not  yet 
been  recorded  in  a  fossil  state.  " 

Suborder  21   PicARi^._The  PkaricB  are  a  somewhat  hetero- 
geneous group  of  Birds,  of  which  it  will  be  unnecessary  to  mention 
all  the  families,  since  only  a  few  are  definitely  in  a  fossil  condition 
To  the  African  MtisophagidcB,  or  Plaintain-cutters,  it  is  thought  the 
extinct  Necrornis,  from  the  Miocene  of  Gers,  may  possibly  belong. 
The  remarkable  LeptosoviatidcB,  of  Madagascar,  which  connect  the 
Coracttdce  with  the  CuculidcB,  are  represented  by  a  species  of  the 
type  genus  Leptosoma  in  the  Allier  Miocene.    The  latter  deposits 
have  also  yielded  a  species  of  Trogon,  the  type  of  the  family  7>^- 
gomdce.    Limnatornis,  of  the  same  beds,  is  referred  to  the  Upupidce 
or  Hoopoes ;  while  it  is  considered  that  the  Upper  Eocene  Cryptor- 
nis  may  belong  to  the  Bucerotidce,  or  HornbiUs,  of  the  Ethiopian 
and  Oriental  regions.    The  Alcedinidce,  or  King-fishers,  are  repre- 
sented in  the  London  Clay  by  Haley ornis ;  while  in  the  PicidcB 
(Woodpeckers)  we  have  the  existing  genus  Picas  in  the  Middle 
Miocene  of  Isfere  and  the  Lower  Miocene  of  Allier,  and  the  extinct 
Utntornis  in  the  Eocene  of  Wyoming.    Finally,  the  CypselidcB,  or 
Swifts,  are  known  to  have  existed  since  the  Allier  Miocene,  where 
we  find  a  species  of  the  type  genus  Cypselus  closely  allied  to  existing 
forms. 

Suborder  22.  Passeres.— Of  the  Passeres,  the  last  and  most 
highly  organised  group  of  the  class,  an  enormous  number  of  living 
genera  and  species  are  known ;  but  from  the  comparatively  small 
size  of  the  majority  of  species,  and  the  difficulty  of  distinguishing 
even  genera  by  fragmentary  bones,  scarcely  anything  is  known  of 
their  palaeontological  history.    To  the  Alaudidce  (Larks)  has  been 
provisionally  referred  Protor?iis,  from  the  Lower  Eocene  of  Glarus 
in  Switzerland ;  and  Alauda  is  recorded  from  the  Upper  PHocene 
of  Italy.    In  the  Corvidce  (Crows)  the  type  genus  Corvus  has  been 
described  from  the  Allier  Miocene.    In  the  Pleistocene  of  Rodriguez 
the  extinct  Necropsar  is  a  Starling  {Sturnidce)  closely  allied  to  the 
pied  and  crested  Fregilopus  of  Reunion,  which  also  appears  to  have 
recently  become  extinct.    Among  the  Frmgillida  (Finches)  Loxia 
and  Passer  are  provisionally  recorded  from  the  Allier  Miocene ;  and 
to  this  family  may  perhaps  be  referred  the  extinct  genus  Palceospiza, 
from  the  Upper  Eocene  of  Colorado.    Finally,  we  have  a  repre- 
sentative of  the  Laniidce,  or  Shrikes,  in  a  species  of  Lanius  from 
the  Allier  Miocene ;  while  the  Sittidce  (Nuthatches)  date  their  exist- 
ence at  least  from  the  fossil  Sitta  of  the  Montmartre  Eocene,  and 
are  also  represented  by  a  species  in  the  Upper  Pliocene  of  Italy. 
Lastly,  the  cave-deposits  of  Brazil  have  yielded  remains  of  several 
existing  forms  of  Passerines,  among  which  it  will  suffice  to  mention 
a  species  of  Swallow  {Hirundo). 
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CHAPTER  LVIII. 

CLASS  MAMMALIA. 

GENERAL  STRUCTURE. 

The  Mammalia,  or  highest  class  of  the  Vertebrata,  are  character- 
ised by  having  some  part  of  the  integument  provided  with  hairs  at 
some  period  of  life,  and  by  the  young  being  nourished  for  a  longer 
or  shorter  time  by  the  milk,  or  special  secretion  of  the  mammary 
glands.  As  characters  available  in  the  case  of  fossils,  it  may  be 
observed  that  the  cranium  articulates  with  the  atlas  vertebra  by  two 
occipital  condyles,  mainly  formed  by  the  exoccipitals  ;  while  each 
ramus  of  the  mandible  consists  of  only  a  single  piece,  which  proxi- 
mally  articulates  directly  with  the  squamosal  element  of  the  cranium 
without  the  intervention  of  a  quadrate ;  and  there  is  no  movable 
joint  between  the  proximal  and  distal  rows  of  the  tarsus.  Like  the 
Sauropsida,  Mammals  possess  during  development  an  amnion  and 
allantois,  and  are  totally  devoid  of  gills.  They  differ  from  Reptiles 
and  agree  with  Birds  in  having  a  four-chambered  heart,  warm  blood, 
and  a  complete  double  circulation.  They  are  peculiar  in  that  the 
red  corpuscles  of  the  blood  are  not  nucleated  and  usually  circular  ; 
in  the  lungs  being  freely  suspended  in  the  thoracic  cavity,  which  is 
separated  from  the  abdomen  by  a  muscular  partition  termed  the 
diaphragm  ;  in  the  presence  of  only  the  left  aortic  arch ;  and  in  the 
perfection  of  the  transverse  commissure  (corpus  callosum)  connect- 
ing the  two  cerebral  hemispheres.  Feathers,  moreover,  are  never 
present,  and  there  is  no  syrinx  or  lower  vocal  organ,  although 
a  complete  larynx  is  always  developed  in  the  upper  portion  of  the 
trachea,  or  respiratory  tube. 

It  will  be  unnecessary  in  this  work  to  make  any  further  mention 
of  the  soft  parts,  but  a  few  remarks  must  be  made  concerning  the 
tegumentary  and  dental  systems,  and  the  endoskeleton  ;  although 
the  student  must  refer  to  other  works  for  fuller  information  on  these 
subjects.    With  regard  to  the  tegumentary  system,  it  will  suffice  to 
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^he  fT^     r  V '''^  ^^'■"y  the  epidermis  only  in 

the  family  Mam^^  among  the  Edentata;  and  flat  horny  shields 
with  their  edges  in  apposition,  in  the  tails  of  the  Beaver,  Rats  and 
certain  Insectivores  and  Marsupials.    The  Armadillos  a^d  Glypto 
donts  develop,  however,  a  series  of  bony  scutes  articulating  with 
one  another  in  the  true  dermis,  which  are  covered  by  horny  epT 

fnZ  .  '       ""^^^^  ^^^"g  th"^  precisely  comparable 

to  that  obtaining  m  the  Crocodilia.  Smaller  separate  bony  scutes 
also  occur  in  the  dermis  of  My/odon.  The  horns  of  the  Ruminants 
and  Rhinoceroses  are  entirely  epidermal  structures  :  the  former 
being  hollow  sheaths  enveloping  bony  cores,  while  the  latter  are 
solid  throughout. 

The  dental  system,  as  being  of  extreme  importance  for  the  deter- 
mination of  the  extinct  forms,  must  be  noticed  somewhat  more  fully 
Calcified  teeth  are  developed  in  the  great  majority  of  Mammals,  but 
in  the  true  Whales  they  occur  only  in  the  embryo,  in  Ornithorhynchus 
they  disappear  in  the  adult,  while  in  Echidna,  Mants,  Myrme- 
cophaga,  no  traces  of  them  have  as  yet  been  detected.   In  the  adult 
of  Ornithorhynchus  and  Rhytina  the  function  of  teeth  is  discharged 
by  horny  plates,  or  cornules  on  the  palate.    In  all  other  forms,  how- 
ever, true  teeth,  which  are  developed  only  in  the  premaxilla,  maxilla 
and  dentary  bones,  are  present ;  and  are  usually  composed  of  the 
three  elements,  dentine,  enamel,  and  cement,  although  occasionally, 
as  in  the  existing  Edentates,  the  enamel  is  absent.    The  dentine' 
or  ivory,  forms  the  chief  constituent  of  most  teeth.    This  is  coated' 
either  completely  or  partially,  in  the  majority  of  cases  by  a  thin  in- 
vesting layer  of  the  hard  flint-like  enamel,  which  is  readily  distin- 
guished from  the  dentine  by  its  bluish-white  and  translucent  appear- 
ance, while  the  outermost  coat  of  cement,  when  present,  is  of  a  dull 
opaque  white,  or  buff,  colour.    The  cement  is  frequently  found  only 
as  a  thin  coating  at  the  roots  of  the  teeth ;  but  it  is  very  largely 
developed  in  the  crowns  of  the  hinder  teeth  of  many  Ungulates. 
In  the  teeth  of  the  great  majority  of  Mammals  (as  in  fig.  11 26)  the 
crown,  or  exposed  portion,  is  sharply  defined  by  a  construction 
known  as  the  neck  from  the  root,  or  embedded  portion  ;  but  in  those 
teeth  to  be  immediately  noticed,  which  grow  continuously,  there  is 
no  such  distinction  between  the  crown  and  the  root.    In  no  Mam- 
mals are  the  teeth  anchylosed  to  the  bones  of  the  jaw ;  ^  and  they 
are  invariably  implanted  in  distinct  alveoli,  or  sockets,  which  are, 
however,  very  imperfect  in  certain  Cetacea.    In  all  young  animals, 
while  the  teeth  are  still  growing,  the  inferior  extremity  of  the  root, 
or  roots,  is  widely  open  ;  but  in  the  majority  of  instances  this  aper- 
ture becomes  completely  closed  in  the  adult  (fig.  11 26).    In  certain 


Except,  perhaps,  the  incisors  of  the  Shrews. 
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cases  however,  as  in  the  anterior  cutting-teeth  of  the  Rodents  and 
the  tusks  of  the  Elephant,  the  root  remains  permanently  open  be- 
low and  the  tooth  consequently  continues  to  grow  throughout  the 
life  'of  the  animal.  In  such  circumstances  the  teeth  are  said  to  have 
nersistent  pulps.  The  anterior  teeth  (fig.  1126,  0,  with  some 
rare  exceptions,  are  of  simple  structure  and  have  but  a  single  root ; 
but  the  hinder  ones  {ibid.,  pm,  m)  very  generally  have  more  or  less 
complex  crowns,  which  may  be  supported  by  from  two  to  four  roots  ; 
such  division  of  the  roots  being  unknown  outside  the  Mammalian 
class  In  many  forms  the  summits  or  sides  of  the  crowns  of  the 
hinder  teeth  may  be  interpenetrated  by  deep  re-entering  folds  of 
enamel,  which  maybe  filled  up  with  cement;  these  folds  being  espe- 


Fig.  iiz6.— Teeth  of  the  right  side  of  the  lower  jaw  of  the  Chimpanzee.    /,  Incisors ; 
c,  Canine  ;  pin.  Premolars  ;  m,  True  molars.    (After  Owen.) 


cially  developed  in  many  Rodents  and  Ungulates.  From  this 
structure  it  will  naturally  result  that  when  a  horizontal  section  of  the 
crown  of  such  a  tooth  is  made  by  the  wearing  of  the  upper  against 
the  lower  series,  an  extremely  complex  pattern  will  appear,  as  will 
be  seen  in  the  figures  of  the  cheek-teeth  of  the  above-mentioned 
groups  which  are  given  below.  Much  more  rarely,  as  in  the  Horse, 
there  may  be  an  infolding  of  the  enamel  in  the  summits  of  the 
crowns  of  the  anterior  teeth. 

With  the  exception  of  the  above-mentioned  edentulous  forms,  in 
all  existing  Mammals  one  definite  set  of  teeth,  which  is  almost 
always  constant  in  number,  is  developed,  and  this  set  when  it  ap- 
pears usually  persists  throughout  the  remaining  portion  of  the  life 
of  its  owner.  In  a  large  number  of  species  this  is  the  only  set  ever 
developed ;  and  such  species,  or  groups  of  species,  are  consequently 
said  to  be  Monophyodont.  In  the  greater  majority  of  Mammals, 
however,  the  development  of  occasionally  only  one,  but  usually  of 
the  greater  number  of  the  anterior  teeth  of  this  permanent  set  is 
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retarded  and  their  function  filled  for  a  time  by  an  earlier  serie. 
of  so-called  milk-teeth;  such  Mammals  being  according  termed 
^f^^yo^onf.  As  development  proceeds  the  permanent  eeth  in  sTc^ 
Mamma  s  come  up  beneath  the  milk-teeth,  and  thus  replace  thTrJ 

ZlTTi  '       ^^^^^      -^^--^  where  ce  at  of  ttse 

milk-teeth  have  no  such  permanent  successors,  while  in  other  cases 
the  anterior  teeth  which  come  into  use  with  he  permanent  dentT 
t.on  have  no  milk  predecessors.    Those  Mammals  with  a  Mono 


Fig.  1127.— Outer  lateral  aspect  of  the  left  dentition  of  the  Pie  (Sus  scrofd\  with  fhp  n„f». 

phyodont  dentition  present  the  least  specialised  development,  since 
the  milk-senes  appears  from  the  latest  researches  to  be  an  addition 
grafted  on  to  the  permanent  one;  and  there  is  accordingly  no  homo- 
logy between  this  definite  single  replacement  and  the  irregular  con- 
tinuous change  which  takes  place  in  many  Reptiles.  In  some  Mam- 
mals, like  the  Dolphins  {Delphinida),  all  the  teeth  are  so  much  alike 
that  they  cannot  be  divided  into  groups,  and  the  dentition  is  then 
described  as  Homoiodont ;  but  in  the  majority  the  permanent  teeth, 
either  from  their  position  or  their  mode  of  succession,  can  be  sepa- 
rated into  four  distinct  groups  (as  in  figs.  11 26,  11 27),  and  the  den- 
tition is  then  termed  Heterodont.    In  Eutherian  Diphyodont  Mam- 
mals the  total  number  of  teeth  of  the  permanent  series  does  not 
normally  exceed  44 ;  and  in  forms  like  Sus  (fig.  11 27),  or  the  ex- 
tinct Anoplotherium,  where  this  full  complement  is  present,  the  first 
three  upper  teeth  (t  i-t  3)  on  either  side,  which  are  situated  in  the 
premaxillag,  are  termed  incisors;  the  last  three  (m  i-m  3),  which  are 
distinguished  by  having  no  milk-predecessors,  true  molars  ;  the  four 
submolariform  teeth  {ptn  x-ptn  4)  in  advance  of  the  latter,  of  which 
the  last  three  have  such  deciduous  predecessors,  pretnolars :  and 
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the  single  subconical  tooth  {c)  situated  between  the  premolars  and 
the  incLrs  the  canine;  the  latter  tooth  being  the  first  of  those 
borne  by  the  maxilla.  The  same  terms  are  applied  to  the  corre- 
sponding lower  teeth,  although  it  will  be  unnecessary  here  to  mdicate 
how  such  serial  correspondence  is  worked  out.  For  the  sake  of 
brevity  such   a  dentition  may  be  expressed  by  the  numerical 

formula-/.  ^  ;  C.   ;  Fm.  7—  ^        7—  =  ^4  ;  but 

3 — 3         I — I  4 — 4  3  3 

since  the  teeth  of  opposite  sides  of  the  jaws  always  correspond,  such 
a  formula  may  be  further  simplified  into — 

Z  ^  ;  C-  ;  Pm.~;  J/.  ^=  22  x  2  =  44. 
3        I  4  3 

The  individual  teeth  of  each  group  are  enumerated  from  before 
backwards,  and  by  such  a  formula  as  the  following — viz., 
I.  I,  I.  2, 1.  3,  C,  Pm.  I,  Pm.  2,  P771.  3,  Pm.  4,  M.  i,  M.  2,  M.  3, 
7.  I,  /.  2,  1.  3,  C,  Pm.  1,  Pm.  2,  Pm.  3,  Pm.  4,  M.  i,  M.  2,  tJZ  3T 
— each  individual  tooth  can  be  specially  noted.  Thus,  for  example, 
pm.  I  will  indicate  the  first  upper  premolar,  and  m.  3  the  third,  or 
last,  lower  true  molar.  It  will  frequently,  moreover,  be  convenient 
to  speak  of  the  incisors  and  the  canine  collectively  as  the  cutting-, 
and  of  the  premolars  and  true  molars  as  the  cheek-teeth.  It  is  very 
generally  the  case  that  when  the  true  molars  are  reduced  to  less 
than  three  it  is  the  hinder  tooth,  or  teeth,  that  disappear ;  in  the 
premolars  it  is,  however,  frequently  the  anterior  teeth  that  are  want- 
ing, although  this  is  by  no  means  invariably  the  case,  and  there  are 
instances  known  where  the  second  and  fourth  disappear,  while  the 
first  and  third  remain.  In  the  figure  of  the  lower  dentition  of  the 
Chimpanzee  given  on  page  1247,  the  two  premolars  are  usually 
reckoned  as  pm.  3  and  pm.  4,  but  it  is  not  certain  that  such  is 
really  the  case.  Again,  it  has  been  suggested  that  the  two  incisors 
found  in  that  species,  in  common  with  other  Primates,  may  be  the 
first  and  third  of  the  typical  Eutherian  series  of  three,  although  other 
authorities  regard  them  as  the  second  and  third.  It  may  also  be  ob- 
served that  in  some  groups,  as  the  Carnivora,  the  specialised  forms 
tend  to  lose  the  molars  and  retain  the  full  number  of  anterior  teeth ; 
while  in  others,  like  the  Ungulates,  the  reverse  condition  obtains. 

The  milk-dentition  may  be  expressed  by  a  similar  formula  with 
the  prefix  of  the  letter  M.  to  the  symbols.    The  typical  milk-series 

will  thus  be  written  as  M.i.  5,  M.  c-,  M.m.  ^ ;  the  three  milk- 

3  I  3 

molars  corresponding  to  the  last  three  premolars  of  the  permanent 
series.  In  a  few  Ungulates,  however,  such  as  Tapirus,  and  some- 
times Rhinoceros  and  Palaotherium,  four  milk-molars  are  developed. 
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Among  the  existing  Metatheria  the  number  of  true  molars  is 
generally  4   while  the  premolars  are  very  frequently  reduced  in 

number,  and  there  may  be  five  upper  incisors.  In  one  existing 
and  several  Mesozoic  members  of  that  subclass,  the  number  of  true 
rnolars  exceeds  four ;  but,  with  the  possible  exception  of  some  of 
these  extinct  types,  there  is  no  known  instance  of  a  heterodont 
Mammal  normally  having  more  than  four  premolars;  and  there 
IS  never  more  than  a  single  canine  tooth  on  either  side  of  each 
jaw. 

Since  in  Ungulates  it  is  sometimes  difficult  to  distinguish  molars 
from  premolars,  it  may  be  well  to  mention  how  the  division  between 
the  two  series  can  always  be  determined.  Since  the  first  tooth  of  the 
true  molar  series  always  comes  into  use  before  the  last  milk-molar  is 
shed,  it  is  obvious  that  in  the  adult  the  first  true  molar  will  always 
be  more  worn  than  the  last  premolar.  Thus,  in  the  three  teeth  of 
Hipparion  represented  in  fig.  1233,  the  tooth  on  the  left  side  of 
the  figure  being  more  worn  than  the  one  in  the  middle  is  thereby 
shown  to  be  the  first  of  the  true  molar  series  ;  the  other  two  being 
consequently  premolars. 

The  different  types  of  cheek-teeth  will  be  mentioned  under  the 
head  of  the  various  orders  and  families,  but  a  few  general  observa- 
tions may  be  recorded  here.  Professor  Osborn  considers  that  the 
primitive  Mammals  had  simple  conical  teeth  with  undivided  fangs, 
and  that  the  crowns  of  the  teeth  of  the  upper  and  lower  jaws  mu- 
tually interlocked.  Teeth  nearly  approaching  to  this  type  occur  in 
the  Triassic  Dromatheriujn  (fig.  1140),  while  those  of  the  Dolphins 
are  looked  upon  as  a  reversion  to  this  type.  Another  simple  type, 
according  to  the  views  of  the  same  author,  is  that  found  in  Tricono- 
don  and  Priacodon  (fig.  1147),  where  the  upper  and  lower  teeth 
alike  consist  of  three  cusps  in  a  line ;  the  upper  teeth  biting  on  the 
outer  side  of  the  lower.  A  third  common,  and  apparently  very 
generalised,  type  of  tooth  is  that  known  as  the  tritubercular.  This 
consists  in  the  upper  teeth  of  one  inner  and  two  outer  cusps,  ar- 
ranged in  a  triangle ;  while  in  the  lower  jaw  the  reverse  arrangement 
obtains,  so  that  there  is  one  cusp  on  the  outer  and  two  cusps  on  the 
inner  side  of  the  crown.  An  example  of  this  type  of  structure  in 
its  simplest  form  occurs  in  the  Mesozoic  genus  Spalacotherium. 
Modifications  of  this  type  occur  in  the  lower  teeth  of  many  Marsu- 
pials (e.g.,  fig.  1 145),  and  also  in  the  lower  carnassial  teeth  of  the 
Carnivora,  of  which  mention  is  made  in  the  sequel.  The  trituber- 
cular type  of  tooth  is  regarded  by  the  American  Palaeontologists  as 
one  which  has  given  rise  to  a  large  number  of  the  more  complex 
modifications ;  and  it  is  extremely  common  among  the  generaHsed 
Mammals  of  the  Lower  Eocene. 
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In  adult  Mammals,  as  in  the  Sauropsida,  the  whole  of  the  primi- 
tive cartilaginous  cranium  is  replaced  by  extensive  ossifications, 
except  in  the  ethmoidal  region;  and  these  bones,  with  the  excep- 
tion of  those  of  the  mandible,  hyoid  arch,  and  interna  auditory 
apparatus,  are  similarly  articulated  together  at  their  edges  by  suture 
As  age  goes  on  there  is  generally  a  tendency  to  the  obliteration  of 
these  sutures,  this  being  most  marked  in  Manis.  In  all  cases  the 
parasphenoid  has  ceased  to  exist  as  a  distinct  ossification.  It  has 
already  been  observed  that  the  hinder  part  of  the  cranium  articulates 
with  the  first,  or  atlas,  vertebra  by  two  exoccipital  condyles,  and 
also  that  each  of  the  two  rami  of  the  mandible  is  composed  of  a 
single  bone  articulating  at  its  proximal  or  hinder  extremity  with  the 
squamosal  of  the  cranium.  Owing  to  the  complete  incorporation  of 
the  squamosal  and  parietal  in  the  walls  of  the  brain-case  there  is 
(as  in  the  Birds)  no  superior  temporal  arcade ;  but  an  inferior,  or 
zygomatic,  arcade  is  nearly  always  present ;  and,  as  in  Crocodiles 
(although  not  in  Birds),  forms  the  lower  border  of  the  orbit.  This 
inferior  temporal  arcade,  or  arch,  differs,  however,  from  that  of  most 
Sauropsida  in  that  its  jugal  element  articulates  directly  with  the 
squamosal,  in  which  respect  it  accords  with  that  of  the  Dicynodont 
Reptiles,  and  should  be  known  as  a  squamoso-maxillary  arcade. 
According  to  the  view  of  Professor  Huxley,  the  Sauropsidan  quad- 
rate has  been  taken  up  into  the  inner  ear  to  form  the  malleus. 
More  recently,  however,  other  writers  have  taken  a  different  view, 
and,  according  to  Dr  Baur,  the  representative  of  the  quadrate  is  to 
be  found  in  the  zygomatic  process  of  the  squamosal,  with  which  the 
jugal  articulates;  the  quadratojugal  being  also  represented  at  the 
junction  of  these  two  bones.  Dr  Gadow,  however,  disputes  this 
view,  and  finds  the  representative  of  the  quadrate  in  the  tympanic 
ring,  this  determination  according  with  the  view  here  taken  as  to 
the  homology  of  the  zygomatic  arcade,  which  appears  to  have  no 
quadratojugal  element. 

Again,  when,  as  in  the  Primates  and  many  Ungulates,  the  orbit 
is  bounded  posteriorly  by  a  bony  postorbital  bar,  the  ascending  pro- 
cess of  the  jugal  articulates  directly  with  the  frontal,  without  the 
intervention  of  the  postorbital  or  postfrontal,  which  forms  such  a 
conspicuous  feature  in  the  Reptilian  skull. 

In  all  cases  the  premaxillse,  maxillae,  and  palatines  develop  in- 
ferior palatal  plates  which  meet  in  the  median  line  below  the  nasal 
passage,  and  thus  completely  separate  the  latter  from  the  cavity  of 
the  mouth.  Except,  however,  in  the  Anteaters  {Myrmecophaga\  in 
one  genus  of  Armadillo  ( Tatusia),  in  certain  Cetaceans,  and  in  one 
species  of  Hyanodon,  this  flooring  of  the  nasal  passage  does  not 
extend  backwards  to  include  the  pterygoids,  as  it  does  in  modern 
Crocodilians.    The  palatines  are  always  placed  behind  the  maxillee. 
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Finally,  the  sclerotic  of  the  eyeball  never  develops  a  ring  of  bony 
plates  like  that  so  frequently  found  in  the  Sauropsida. 

A  characteristic  feature  of  the  larger  bones  of  Mammals,  although 
one  by  no  means  peculiar  to  the  class,  consists  in  their  ossifying 
from  several  distinct  centres.  In  the  case  of  the  long  bones  the 
shaft  is  formed  by  one  centre  of  ossification,  while  two  distinct  ele- 
ments termed  epiphyses  form  the  extremities ;  in  the  adult  the  whole 
of  these  being  welded  together  into  a  solid  mass.  The  long  bones 
are  also  tubular,  and  their  vacuity  is  filled  with  the  fatty  marrow. 

The  vertebrae  always  have  well-developed  articular  processes  on 
their  arches ;  the  ends  of  the  centra  are  generally  flattened,  but  in 
the  cervical  region  of  certain  Ungulata  they  may  be  opisthocoelous. 
Terminal  epiphyses,  so  generally  wanting  in  the  Sauropsida,  are 
nearly  always  present.  The  number  of  vertebra  varies  greatly, 
owing  to  the  great  difference  in  the  length  of  the  tail  in  different 
species ;  but  in  the  majority  of  Mammals  the  number  of  precaudal 
vertebrae  does  not  vary  very  far  from  thirty,  although  in  Hyrax 
and  Cholcepus  their  number  reaches  forty.  In  spite  of  the  great 
difference  in  the  length  of  the  neck  in  different  Mammals,  the 
number  of  cervical  vertebrae  in  existing  forms  is,  with  three  normal 
exceptions,  seven.  These  exceptions  are  Manatus  australis  and 
Choloepus  Hoffmanni,  in  which  the  number  is  reduced  to  six,  and 
Bradypiis  tridadylus,  in  which  it  is  increased  to  nine.  Accord- 
ing, however,  to  Professor  W.  K.  Parker  there  may  occasionally 
be  eight  cervicals  in  the  Pangolin  {Maiiis).  The  first,  or  atlas, 
vertebra  always  has  two  articular  cups  for  the  occipital  condyles; 
and,  except  in  certain  Cetacea,  the  second,  or  axis,  has  a  well-de- 
fined odontoid  process.  Usually  the  cervical  vertebrae  are  quite 
free ;  but  they  are  anchylosed  together  in  some  of  the  Cetacea,  and 
in  the  Armadillos.  The  dorsal  vertebrae  are  usually  well  defined 
from  the  lumbar,  although  this  is  not  invariably  the  case ;  and  the 
number  of  dorso-lumbars  in  any  one  given  group  is  usually  very 
constant,  and  among  the  Ungulata  affords  assistance  in  classification. 
A  distinct  sacral  region  is  present  in  all  Mammals  except  the  Ce- 
tacea, where  the  iliac  bones  are  absent.  The  number  of  caudal 
vertebrae  varies  from  three  (certain  Primates)  to  forty-six  (^Manis). 
Chevron-bones  are  present  in  the  caudal  region  of  many  long-tailed 
forms.  The  sternum  is  always  present,  although  varying  greatly  in 
form.  It  usually  consists  of  a  presternu7n  (fig.  1128, /)  and  of  a 
posterior  xiphistermiin  (x),  between  which  are  a  varying  number  of 
segments  (;«)  constituting  the  mesosternum.  The  segments  of  the 
mesosternum  (fig.  11 28,  a)  may  be  anchylosed  together;  and  in 
the  Balanidce,  among  the  Cetacea,  only  the  presternum  is  present. 
The  connection  of  the  ribs  with  the  sternum  is  generally  by  carti- 
lage ;  but  in  the  Armadillos  the  costal  cartilages  ossify,  and  are  then 
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known  as  sternal  ribs.  In  the  anterior  dorsal  region  the  capitular 
head  of  the  ribs  articulates  with  the  vertebrae  in  a  pit  at  the  junction 
of  two  centra,  while  the  tubercular  head  joins  the  transverse  process 
of  the  second  of  these  two  vertebrae ;  but  in  the  posterior  dorsal 
region  the  two  heads  generally  coalesce.  Dr  Baur  regards  the 
intervertebral  articulation  of  the  capitula  in  the  anterior  region  as  a 
direct  survival  of  the  intercentral  attachment  of  the  ribs  of  primitive 
forms  allied  to  Theriodont  Anomondontia,  which  has  been  totally 
lost  among  other  Reptiles ;  and  the  mode  of  costal  articulation  is 


Fig.  1128.— A,  Sternum  and  right  costal  cartilages  of  Man;  B,  Sternum  and  left  costal  cartilages 
of  Dog.  j>,  Presternum ;  m,  Mesosternum ;  x,  Xiphisternum. 

undoubtedly  very  near  to  that  of  those  Anomodonts  which  have 
lost  the  intercentra.  Uncinate  processes  are  never  present  on  the 
ribs. 

In  all  Mammals  the  pectoral  limb  is  well  developed.  The  pec- 
toral girdle  is,  however,  usually  simpler  than  in  lower  forms ;  the 
coracoid  persisting  as  a  distinct  bone  only  in  the  Monotremata, 
where,  however,  it  anchyloses  to  the  scapula.  An  interclavicle  is 
present  only  in  the  last-named  order ;  where  it  articulates  with  the 
clavicles  after  the  Reptilian  manner.  In  the  Eutheria  the  clavicles 
only  retain  their  complete  development  in  those  groups,  such  as  the 
Insectivora,  many  Rodentia,  the  Chiroptera,  and  the  Primates, 
which  use  the  pectoral  limb  for  flight,  laurrowing,  or  prehension. 
The  humerus  frequently  has  an  entepicondylar  foramen,  like  that  of 
the  Anomodont  Reptiles.    The  radius  and  ulna  retain  their  original 
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pre-  and  postaxial  position  in  the  Cetacea ;  but  in  most  other  Mam- 
mals they  are  crossed  at  their  distal,  ends,  so  that  their  positions 
become  reversed,  and  in  the  "  prone  "  or  normal  position  of  the  limb 
the  radial,  or  preaxial  border  of  the  hand,  becomes  internal.  In  the 
Primates,  however,  these  bones  admit  of  motion  upon  one  another ; 
and  when  the  hand  is  "  supine  "  (that  is,  with  its  palm  directed  for- 
wards or  upwards),  the  bones  of  the  fore-arm  occupy  their  original 
primitive  position.  In  the  majority  of  those  Mammals  whose  limbs 
are  adapted  solely  for  walking,  the  ulna  is  more  or  less  reduced,  and 
the  radius,  especially  at  its  proximal  end,  is  much  enlarged,  so  that 
it  articulates  with  the  whole  of  the  anterior  surface  of  the  humerus  • 
and  thus  comes  in  front  of  the  ulna,  instead  of  at  its  side.  The 
carpus  essentially  corresponds  with  that  of  the  type  represented  in 
fig.  829  (p.  907) ;  the  radiale,^  intermedium,  and  ulnare  being  termed 
the  scaphoid,  lunar,  and  cuneiform ;  the  trapezium,  trapezoid,  and 
magnum  representing  the  ist,  2d,  and  3d  carpalia,  and  the  unciform 
the  4th  and  5  th  of  that  series.  A  centrale  is  present  in  the  carpus 
of  embryos  of  pentedactylate  forms ;  but  in  the  adult  it  usually 
fuses  with  the  scaphoid,  although  it  remains  distinct  in  most  of 
the  Primates.  In  some  groups  others  of  these  elements  may 
also  coalesce,  and  one  or  more  may  be  absent.  The  pisiform,  or 
presumed  representative  of  the  seventh  digit,  is  generally  well  de- 
veloped ;  while  in  pentadactylate  types  there  may  be  an  ossification 
representing  the  prepollex.  The  metacarpals  and  digits  may  be  five 
in  number  (Proboscidea  and  Primates),  or  may  be  reduced  to  two, 
or  even  to  one  functional  member.  Among  the  Ungulata,  when 
the  metacarpus  is  reduced  to  a  single  functional  element,  as  in  the 
Horse,  such  element  is  frequently  termed  the  cannon-bone  ;  in  ana- 
tomy, however,  this  term  is  more  usually  restricted  to  the  metapo- 
dium  of  those  Artiodactyla  which  consists  of  the  coalesced  third 
and  fourth  metapodials.  Except  in  the  Cetacea  there  are  never 
more  than  three  phalangeals  to  each  digit,  but  by  suppression  or 
anchylosis  this  number  is  occasionally  reduced ;  and  the  first  digit 
(pollex)  has  but  two  phalangeals.  The  pelvic  girdle  is  also  fully 
developed  in  all  Mammals  except  the  Cetacea  and  Sirenia ;  and  in 
the  adult  the  three  elements  coalesce  to  form  an  innominate  bone. 
The  pubis  and  ischium  of  the  same  side  always  unite  to  enclose  the 
obturator  foramen ;  and  the  two  pubes  meet  in  a  ventral  symphysis, 
which  is,  however,  not  completely  united  in  certain  Insectivora.  In 
a  large  number  of  instances  the  ischia  meet  in  a  ventral  symphysis, 

1  Since  the  preceding  chapters  were  in  type,  Dr  Baur  has  expressed  his  opinion 
that  the  bone  termed  radiale  in  fig.  829  is  really  a  second  cenlrale  ;  and  that  the 
radiale  is  represented  by  a  minute  bone  generally  known  as  the  radial  sesamoid. 
The  Mammalian  scaphoid  is  accordingly  also  regarded  as  a  second  centrale.  In 
the  same  communication,  Dr  Baur  expresses  his  disbelief  in  the  existence  of  rem- 
nants of  a  prepollex  and  of  a  seventh  digit  in  Mammals  and  other  Vertebrates. 


GENERAL  STRUCTURE. 


1255 


which  is  greatly  elongated  in  some  Ungulates  (fig.  11 28  bts),  but  in 
the  Primates  and  some  other  forms  there  is  no  such  union.  In  the 
Monotremata  and  Marsupialia  epipubic,  or  marsupial  hon&s  are 
attached  to  the  anterior  border  of  the  pubic  symphysis  (fig.  1139)- 
The  femur  may  have  a  third  trochanter  (fig.  1226)  for  the  attach- 
ment of  one  of  the  gluteal  muscles.  The  tibia  and  fibula  are  never 
crossed  at  their  distal  extremity,  but  lie  in  their  primitive  parallel 
position;  the  tibia,  or  preaxial  bone,  being  internal  in  the  usual 
walking  position,  and  the  fibula  external.  The  latter  bone  may  be 
more  or  less  rudimentary,  and  completely  anchylosed  at  one  or  both 


Fig.  ii28^;j. — The  left  side  of  the  pelvis  of  the  Eland  {Oreas  cannd).  One-si.xth  natural  size. 
//,  Ilium ;  is.  Ischium ;  j,  Symphysis  of  do. ;  a,  Epiphysis  on  symphysis  of  ischium  and  pubis ; 
pb.  Pubis ;  ob.  Obturator  foramen. 


extremities  to  the  tibia.  The  patella  is  present  in  all  except  some 
Metatheria.  If  the  pes  (fig.  1129)  be  compared  with  the  typical 
tarsus  mentioned  on  p.  907,  it  will  be  found  that  the  fibulare  is 
represented  by  the  calcaneum,  which  may  also  contain  an  element 
corresponding  to  the  pisiform  of  the  manus  ;  the  astragalus  has 
been  usually  regarded  as  the  coalesced  tibiale  and  intermedium, 
but  is  thought  by  Dr  Baur  to  correspond  solely  to  the  '  latter ; 
the  ento-,  meso-,  and  ectocuneiform  represent  the  ist,  2d,  and  3d 
tarsalia  \  while  the  4th  and  5  th  tarsalia  have  coalesced  to  form  the 
cuboids.  The  centrale  persists  as  the  navicular,  which  may  unite 
with  the  cuboid.-^  Other  modifications  occur  analogous  to  those 
in  the  carpus ;  but  in  no  instance,  as  already  observed,  is  the  joint 
between  the  leg  and  the  pes  forirred  on  the  line  between  the  proxi- 
mal and  distal  rows  of  the  tarsus.    The  metatarsals  and  phalan- 


Dr  Bardeleben  has  pointed  out  to  the  writer  that  in  Cryptoprocta  there  may  be 
a  second  centrale,  which  usually  coalesces  with  the  ectocuneiform. 
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geals  repeat  the  characters  of  the  homologous  bones  of  the  manus, 
although  they  deviate  in  a  lesser  degree  from  a  common  type! 
In  the  Cetacea  and  Sirenia  the  pes  is  entirely  absent ;  although  the 
proximal  portions  of  the  pelvic  limb  may  be  detected  in  an  aborted 
form  in  many  genera. 

We  may  now  take  a  brief  glance  at  the  general  distribution  in 
time  of  the  Mammalia,  in  the  course  of  which  we  shall  have  to  fore- 
stall some  of  the  information  given  in  the  sequel. 

If  the  theory  of  evolution  be  the  true  explanation  of  the  order 
of  nature  we  should  expect  to  find  that  the  earliest  representatives 

of  the  class  would  be  small  forms, 
more  or  less  closely  related  to  one 
another,  not  numerous  in  generic  types, 
and  allied  to  those  orders  which  now 
comprise  the  most  generalised  repre- 
sentatives of  the  class.  Our  knowledge 
of  these  earlier  types  is  indeed  exceed- 
ingly imperfect,  but  so  far  as  it  goes  it 
appears  to  accord  fairly  well  with  the 
foregoing  conditions ;  all  the  earlier 
forms  being  of  small  size,  and  appar- 
ently more  or  less  closely  allied  to  the 
existing  Marsupials,  and  probably  also 
to  the  Monotremes  and  perhaps  the 
Insectivores.  The  earliest  evidence  of 
the  occurrence  of  Mammals  yet  known 
is  in  the  upper  portion  of  the  Triassic 
system,  which  forms  the  base  of  the 
great  Mesozoic  period.  Of  the  two 
known  genera  from  these  deposits  the 
larger  type,  termed  Dromatherium,  ex- 
hibits some  curious  approximations  in  the  structure  of  its  teeth  to 
Reptiles  and  Amphibians,  and  it  is  possible  that  we  may  have  in 
this  form  an  ancestral  type  of  the  Prototheria.  In  the  Lower 
Jurassic,  immediately  above  the  Lias,  remains  of  small  Mammals 
become  more  common,  and  in  the  Upper  Jurassic  they  are  locally 
abundant,  although  they  comprise  comparatively  few  generic  types. 
These  Jurassic  Mammals  are  readily  divisible  into  two  groups,  distin- 
guished by  the  characters  of  their  teeth.  Of  the  first  group  an  ex- 
ample of  the  lower  jaw  is  shown  in  fig.  1141,  p.  1274,  where  it  will 
be  seen  that  the  teeth  are  very  numerous,  the  hinder  ones  having 
several  sharp  cusps  on  the  crowns.  Although  there  has  been  much 
discussion  as  to  the  affinities  of  these  small  Mammals,  it  is  probable 
that  they  are  really  Marsupials  of  the  suborder  Polyprotodontia, 
with  a  relationship  to  the  Australian  Anteater  {Myrviecobius),  which. 


Fig.  1129. — Dorsal  aspect  of  the 
right  pes  of  Man.  Reduced.  Ca, 
Calcaneum  (fibulare  +  ?  pisiform) ; 
^j-,  Astragalus  (intermedium);  c, 
Navicular  (centrale) ;  Cu,  1-3,  Ento-, 
meso-,  and  ectocuneiform  (ist,  2d,  3d 
tarsalia) ;  Cub,  Cuboid  (4th,  5th  tar- 
salia) ;  i-v,  Metatarsals.  (After  Wie- 
dersheim.) 
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as  we  shall  see  in  the  sequel,  is  the  only  existing  heterodont 
Mammal  with  more  than  four  true  molars.  In  the  second  group 
the  dentition  is  of  a  very  different  type ;  the  lower  jaw  having  a 
single  pair  of  curved  and  chisel-like  incisors,  separated  by  an 
interval  from  the  cheek-teeth,  which  are  characterised  by  the 
presence  of  one  or  more  longitudinal  grooves.  The  serial  position 
of  this  group,  which  has  been  named  Multituberculata,  is  still 
open  to  doubt,  but  not  improbably  it  may  indicate  an  extinct  order 
of  Prototheria. 

Throughout  the  greater  part  of  the  Cretaceous  period  our  know- 
ledge of  Mammalian  life  is  a  blank,  doubtless  owing  to  the  circum- 
stance that  the  greater  portion  of  the  Cretaceous  beds,  such  as  the 
Chalk,  is  of  purely  marine  origin  ;  but  evidence  has  recently  been 
obtained  of  the  existence  of  a  Mammalian  fauna  in  the  topmost 
Cretaceous  of  North  America  allied  to  that  of  the  Jurassic. 

With  the  dawn  of  the  Tertiary  period,  which  may  be  regarded  as 
the  first  commencement  of  the  present  order  of  nature,  we  meet, 
however,  with  an  abundant  Mammalian  fauna,  containing  repre- 
sentatives of  nearly  all  the  existing  orders,  but  also  including  several 
subordinal  types  now  totally  passed  away,  some  of  which  are  of 
extreme  interest  to  the  zoologist  as  connecting  together  more 
or  less  completely  groups  which  are  now  widely  separated.  In 
the  Eocene  we  are  indebted  to  the  palaeontologists  of  the  New 
World  for  most  of  our  knowledge  of  these  primitive  connecting 
links  ]  but  we  can  only  afford  space  to  notice  very  briefly  some  of 
the  more  interesting  groups. 

Of  Carnivorous  types  there  is  a  group  of  Eocene  genera  known 
as  the  Creodonta,  remarkable,  among  other  features,  for  their 
generalised  dentition,  which  has  resemblances  to  that  of  the  Poly- 
protodont  Marsupialia  and  Insectivora,  and  also  to  that  of  the 
modern  Carnivora,  of  which  these  forms  were  probably  the  ances- 
tors. We  thus  have  indications  how  the  Carnivora  of  the  present 
day  may  have  been  gradually  evolved  from  a  Marsupial  type  by 
means  of  forms  more  or  less  nearly  related  to  the  Insectivora  of 
the  present  epoch.  In  another  direction  the  Eocene  has  afforded 
evidence  of  a  transition  from  the  Insectivorous  type  towards  that 
of  the  Lemuroid  Primates,  and  we  may  thus  readily  conceive  how 
the  higher  members  of  the  latter  order  may  likewise  trace  back 
their  origin  to  the  same  primitive  stock. 

At  the  present  day  no  orders  of  Mammals  appear  more  sharply 
defined  from  one  another  than  the  Carnivores  and  the  Ungulates. 
In  the  Eocene,  however,  we  meet  with  a  group  of  primitive  Un- 
gulates, known  as  the  Condylarthra,  presenting  such  remarkable 
resemblances  to  the  primitive  Carnivores,  that  we  are  led  to  the 
conclusion  that  the  Ungulates  are  probably  another  branch  derived 
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from  this  same  prolific  stock.  From  this  Condylarthrous  suborder 
we  have  abundant  evidence  that  the  two  existing  suborders  of  the 
Artiodactyla  and  Perissodactyla,  now  so  sharply  distinguished,  have 
both  taken  their  origin;  and  perhaps  the  Hyracoidea  may  also 
trace  their  derivation  from  this  group.  Another  extinct  Eocene 
suborder  of  Ungulates,  comprising  the  Coryphodons  of  Europe  and 
America,  and  the  huge  and  uncouth  Dinocerata  of  the  United 
States,  tends  to  show  a  connection  between  the  Perissodactyla  and 
Proboscidea,  which  till  recently  were  referred  to  distinct  orders. 

All  living  Ungulates,  as  we  shall  subsequently  mention,  are  dis- 
tinguished by  the  total  absence  of  clavicles,  but  in  the  remarkable 
Typothertu77i,  of  the  Pleistocene  of  South  America,  these  bones  were 
retained.  In  its  dentition,  moreover,  that  genus  shows  features 
now  peculiar  to  the  Rodents ;  and  by  its  help,  together  with  the 
evidence  afforded  by  an  Eocene  group  known  as  the  Tillodonts, 
we  can  dimly  see  how  the  Rodents  may  have  been  connected  with 
the  ancestors  of  both  the  Ungulates  and  the  Carnivores. 

Having  seen  from  these  brief  notices  how  intimate  appears  to 
have  been  the  relationship  between  the  chief  terrestrial  orders  of 
Mammals  in  the  Lower  Eocene,  we  may  glance  at  the  evidence 
afforded  by  the  Mammals  of  the  Eocene  as  to  the  connection 
between  some  of  the  families  of  these  orders.  Among  the  Car- 
nivora,  no  two  families  are  better  distinguished  than  the  Dogs,  or 
Canidce,  with  their  triangular  upper  molars  and  digitigrade  feet, 
and  the  Bears,  or  Ursidce,  in  which  the  upper  molars  are  rhom- 
boidal  and  the  feet  are  plantigrade.  In  the  Eocene,  however,  we 
have  Amphicyon,  with  the  teeth  of  a  Dog  and  the  limbs  of  a  Bear ; 
and  in  the  later  Tertiary  the  Bear-like  Hycenardus,  of  which  the 
dentition  retains  many  Dog-like  features.  So  perfect,  indeed,  is 
the  transition  between  Dogs  and  Bears,  that  it  seems  convenient  to 
include  both  groups  in  a  single  family.  Again,  in  another  direction, 
the  Dogs  of  the  Eocene  seem  to  pass  imperceptibly  into  the  Civets 
( Viverrida)  through  Cynodictis ;  while  it  is  almost  impossible  to 
distinguish  the  Civets  from  the  Hysenas  on  the  one  hand,  and  the 
Cats  {Felidce)  on  the  other.  Still  more  remarkable  is  the  apparent 
connection  in  the  Eocene  of  the  Civets  with  the  Weasels  {Mus- 
ielidce),  since  these  two  families  are  widely  sundered  at  the  pres- 
ent day. 

Turning  to  the  Ungulates,  at  the  present  day  the  Artiodactylate 
suborder  can  be  readily  divided  into  four  sections — viz.,  the  Pigs, 
or  Suina  ;  the  Camels,  or  Tylopoda  ;  the  Chevrotains,  or  Tragulina  ; 
and  the  Cattle  and  Deer,  or  Pecora.  When,  however,  we  go  back 
to  the  early  Tertiary,  we  find  a  complete  transition  from  the  Suma 
to  the  Pecora;  while  it  is  almost  impossible  to  distinguish  Deer 
from  Chevrotains ;  and  the  early  Camels  exhibit  signs  of  close 
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connection  with  the  other  families.  Similarly,  at  the  same  period 
the  Pigs  of  the  Old  World  appear  to  be  inseparable  from  the 
Peccaries  of  the  New ;  while  the  Giraffes  were  probably  as  closely 
connected  with  the  Antelopes  on  the  one  hand,  and  the  Deer  on 
the  other.  Again,  in  the  Perissodactylate  suborder  Tapir-like  forms 
appear  to  have  passed  into  Rhinoceroses  on  the  one  hand,  and  into 
the  Horses  on  the  other. 

Many  other  equally  striking  instances  could  be  cited  of  the 
mutual  connection  of  the  Eocene  Mammals  with  one  another ;  but 
enough  has  been  stated  to  show  that  the  present  sharply  defined 
distinction  of  the  orders  and  families  into  which  we  find  it  con- 
venient to  divide  the  class  is,  so  to  speak,  but  a  feature  of 
to-day. 

In  the  Lower  Eocene  all  the  genera  of  Mammals  appear  to  be 
extinct ;  but  in  the  Upper  division  of  the  same  period,  which  is 
frequently  termed  the  Lower  Oligocene,  we  meet  with  a  few  existing 
genera,  such  as  Didelphys,  Rhmoceros,  Vtverra,  Miistela  (Weasel), 
and  perhaps  Canis.  In  the  succeeding  period,  or  Miocene,  existing 
genera  become  more  common ;  thus  in  the  Lower  and  Middle  divi- 
sions of  that  period  we  meet  with  Otters  {Lutra),  Rhinoceros,  Tapirs 
{Tapirus),  and  Gibbons  {Hylobates).  The  middle  division  of  the 
Miocene  is,  indeed,  noteworthy  for  the  appearance  of  Anthropoid 
Apes  and  the  Proboscidea,  or  Elephants  and  Mastodons.  Deer  of 
extinct  genera  are  abundant ;  but  these  were  either  devoid  of  antlers, 
or,  if  these  appendages  were  present,  they  were  small  and  simple. 
The  teeth  of  the  Ruminant  Ungulates  (Deer  and  Cattle)  were, 
moreover,  low-crowned  or  brachydont  (fig.  12 13),  and  the  Rhino- 
ceroses had  in  most  cases  not  yet  developed  horns. 

With  the  commencement  of  the  Pliocene  period  the  Mammalian 
fauna  assumes  a  much  more  modern  appearance.  Thus  we  have 
Porcupines  {Hysirix),  Hyaenas,  large  Tiger-like  Cats  {Felts),  numer- 
ous Antelopes,  Giraffes,  Deer  (Cervus),  and  Horse-like  animals 
{Hipparion) ;  while  in  India  true  Elephants  {Elephas)  had  made 
their  appearance.  There  was  still,  however,  a  large  number  of 
extinct  genera.  By  this  time  many  of  the  Deer  had  acquired 
complicated  antlers ;  many  of  the  Ruminants  had  tall-crowned  or 
hypsodont  teeth  ;  the  Rhinoceroses  had  horns ;  and  the  Pigs  had 
developed  large  tusks  in  the  males.  In  India  during  some  portion 
of  the  Pliocene,  not  only  Elephants,  but  true  Horses  {Equus), 
Hippopotami,  Wolves,  Bears  {Ursus),  and  Oxen  {Bos)  had  already 
made  their  appearance ;  but  in  Europe  these  genera  are  unknown 
before  the  top  of  the  Pliocene,  when  we  first  meet  with  remains  of 
a  few  existing  species,  such  as  the  African  Hippopotamus  and  the 
Striped  Hyaena. 

In  the  succeeding  Pleistocene  period,  which  may  in  reality  be 
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regarded  merely  as  the  commencement  of  the  epoch  in  which  we 
are  now  living,  the  greater  number  of  the  Mammals  of  Europe 
belong  to  existing  genera,  and  a  considerable  proportion  of  these  to 
hving  species.  The  fauna  of  Europe  in  the  early  part  of  this  period 
included,  however,  a  large  number  of  Mammals  belonging  to  genera 
or  species  now  confined  to  the  warmer  regions  of  the  globe,  such 
as  Rhinoceroses,  Hippopotami,  Elephants,  Lions,  Hysenas,'  &c. ; 
and  it  was  not  till  after  the  great  cold  of  the  glacial  period  that 
these  generic  types  were  finally  swept  away  from  the  European 
area.  In  many  other  parts  of  the  World  the  Pleistocene  period 
was  equally  prolific  in  large  forms  of  Mammalian  life,  more  or  less 
closely  allied  to  those  now  inhabiting  the  same  areas,  of  which  we 
have  remarkable  instances  in  the  extinct  Edentates  of  South  America 
and  the  Marsupials  of  Australia,  many  of  which  vastly  exceeded  in 
size  their  living  relatives.  Science  has,  indeed,  yet  to  account  satis- 
factorily for  the  disappearance  of  this  exuberant  life,  and  the  conse- 
quently impoverished  fauna  among  which  we  now  dwell. 

In  regard  to  the  Mammals  of  the  Eocene,  we  have  already  re- 
marked that  they  are  frequently  of  a  more  generalised  type  than 
those  now  existing,  and  in  many  groups  a  well-marked  progressive 
specialisation  can  be  traced  as  we  approach  the  existing  epoch. 
Thus  many  of  the  Eocene  Mammals  possess  the  full  Eutherian 
complement  of  forty-four  teeth,  which  in  the  Ungulates  were  more 
uniform  in  size,  less  conspicuously  differentiated  into  groups,  and 
more  approximated  to  one  another  than  in  recent  forms.  In  the 
older  Ungulates,  moreover,  the  crowns  of  the  cheek-teeth  were  re- 
latively short ;  and  we  can  trace  a  gradual  increase  in  the  height  of 
the  crowns  as  we  advance  in  time,  this  increase  affording  a  greater 
capacity  to  withstand  wear,  and  thus  indicating  a  greater  length  of 
life  in  the  individual.  In  other  instances  we  may  observe  a  gradual 
reduction  in  the  lateral  digits  of  the  typical  pentedactylate  limb, 
accompanied  by  a  progressive  elongation  and  strengthening  of  one 
or  more  of  the  remaining  digits.  Again,  it  has  been  shown  that 
there  has  been  a  gradual  increase  in  the  relative  size  and  the  com- 
plexity of  the  brain  as  we  approach  the  present  day.  Thus  the 
Eocene  Mammals,  as  a  rule,  had  very  small  brains,  in  which  the 
hemispheres  left  the  cerebellum  nearly  uncovered,  and  were  them- 
selves nearly  smooth,  or  but  slightly  convoluted  ;  while  in  the  higher 
forms  the  hemispheres  spread  backwards  over  the  cerebellum,  and 
are  often  marked  by  most  complex  convolutions.  In  some  Eocene 
Ungulates  the  brain  was  so  small  that  it  could  pass  through  the 
neural  canal  of  the  lumbar  vertebras. 

Finally,  it  should  be  observed  that  we  may  trace  a  gradual  evolu- 
tion of  local  faunas.  In  the  Eocene  of  any  given  region  we  find 
the  Mammals  differing  widely  in  generic  types  from  those  now  in- 
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habiting  that  area,  yet  as  we  ascend  in  the  geological  scale  we  trace 
a  gradual  approximation  to  the  existing  fauna ;  and  in  the  Pleisto- 
cene we  find  the  characteristic  features  of  such  fauna  distinctly 
marked  out,  although  many  of  the  generic  types,  especially  those 
including  forms  of  large  corporeal  bulk,  may  be  different.  Ex- 
amples of  these  features  are  afforded  by  the  Marsupials  of  the 
Pleistocene  of  Australia,  and  the  numerous  Edentates  of  the  same 
period  in  South  America ;  although  it  is  practically  certain  that  in 
the  former  case  the  fauna  has  always  been  Marsupial,  and  therefore 
more  or  less  closely  related  to  the  present  one.    That  many  of  the 
existing  Mammalian  faunas  now  characteristic  of  particular  regions 
were  not  thus  circumscribed  till  a  late  period  is,  however,  shown  by 
the  occurrence  of  Baboons,  Hippopotami,  Giraffes,  and  African 
types  of  Antelopes  in  the  Pliocene  and  Pleistocene  of  India  and 
parts  of  Europe ;  and  equally  by  the  Mammals  of  the  Pleistocene 
of  India  being  in  many  cases  specifically  identical  with  those  of 
Africa,  while  the  number  of  common  species  is  now  very  few  indeed. 
Again,  many  forms  like  the  Rhinoceroses  and  Horses,  which  are 
now  exclusively  Old  World  types,  formerly  wandered  over  the  plains 
of  America,  and  thus  point  to  a  more  uniform  distribution  of  types 
than  now  exists.    There  are,  however,  indications  of  certain  groups 
of  Mammals  having  always  been  restricted  to  one  hemisphere. 
Thus  we  have  no  evidence  of  the  existence  of  Apes,  Hyasnas,  or 
Civets  at  any  epoch  in  the  New  World ;  and  neither  are  there  any 
traces  of  the  Dinocerata  or  Titanotheriida.  in  the  Old  World. 

It  was  considered  probable  some  years  ago  that  the  Mammalia 
were  directly  descended  from  some  primitive  Amphibian  types,  and 
that  they  stood  altogether  apart  from  the  Reptiles.  The  striking 
resemblance  of  the  pectoral  girdle  of  the  oviparous  Monotremes  to 
that  of  many  Reptiles,  and  more  especially  the  Anomodonts,  to- 
gether with  the  remarkable  approximation  to  a  low  Mammalian 
type  presented  by  the  skeleton  of  the  latter,  renders  it,  however, 
more  probable  that  Mammals  are  a  divergent  branch  of  the  same 
Amphibian  stock  which  gave  origin  to  the  last-mentioned  group, 
if  indeed  they  be  not  the  direct  descendants  of  the  earlier  forms 
of  that  group.  Dr  Baur,  who  considers  that  Mammals  were  de- 
veloped from  true  Reptiles  aUied  to  the  primitive  Rhynchocephalia 
and  Sauropterygia,  has  proposed  that  these  early  hypothetical  forms 
should  be  termed  Sauromammalia.  Professor  Mivart  has,  indeed, 
suggested  that  Mammals  may  have  had  a  dual  origin  ;  and  that 
while  the  Monotremes  may  have  been  derived  at  a  comparatively 
late  date  from  the  Anomodonts  or  kindred  types,  the  Marsupials 
may  have  originated  at  an  earlier  epoch  from  a  totally  distinct  and 
perhaps  Amphibian  stock.  Many  objections  have,  however,  been 
raised  against  this  view ;  and  Mr  Poulton  expresses  his  opinion  that 
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whether  the  Monotremes  are  the  descendants  of  the  ancestral 
Mammaha  or  not,  it  is  quite  certain  that  the  higher  Mammals  must 
at  one  tune  have  passed  through  a  condition  such  as  now  exists  in 
the  Monotremes,  in  nearly  all  parts  of  their  organisation ;  and  many 
powerful  arguments  can  be  brought  against  the  assumption  that  the 
same  stage  has  been  reached  independently,  and  at  widely  separated 
periods,  in  the  course  of  evolution."  i 

In  the  following  chapters  are  given  the  leading  palsontological 
characters  of  each  order  of  the  class,  with  the  range  in  time  of  the 
different  groups,  and  the  names  of  the  more  important  genera.  The 
number  of  genera  is,  however,  so  great  that  only  a  very  brief  and 
general  sketch  of  their  characters  and  affinities  can  be  given  ;  special 
attention  being  drawn,  where  it  may  seem  necessary,  to  those  extinct 
types  which  are  of  more  than  ordinary  interest  from  an  evolutionary 
point  of  view. 

^  The  opinion  has  been  recently  expressed  by  some  Continental  writers  that  the 
Cetacea  are  the  most  archaic  type  of  Mammals,  and  that  they  have  been  directly 
derived  from  the  Ichthyopterygian  Reptiles.  There  is,  however,  so  much  evi- 
dence agamst  this  view  that  it  may  be  considered  as  practically  disproved. 
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CHAPTER  LIX. 

CLASS  MAMMALIA — continued. 

Orders  Monotremata  and  Marsupialia. 

Subclass  I.  Prototheria.— This  subclass,  now  represented  by 
only  two  genera,  may  be  characterised  as  follows.  The  brain  has 
a  large  anterior  commissure,  and  a  very  small  corpus  callosum ; 
while  the  auditory  ossicles  are  simple,  and  the  stapes  is  rod-like 
(columelliform).  The  coracoid  is  a  distinct,  although  small,  bone, 
anchylosing  in  the  adult  to  the  scapula,  and  articulating  with  the 
sternum ;  while  there  is  a  separate  precoracoid  (epicoracoid),  which 
does  not  articulate  with  the  scapula,  and  also  a  large  T-shaped  inter- 
clavicle  ;  the  form  and  relations  of  these  bones  being  very  like  those 
of  the  corresponding  parts  of  the  skeleton  in  the  Anomodont  Rep- 
tiles. The  pelvis  has  epipubic  bones,  and  the  ilia  are  inclined  to 
the  sacral  axis  after  the  Batrachian  fashion ;  thus  resembling  those 
of  the  Pariasaurian  Anomodonts.  The  urinogenital  and  excretory 
organs  open  into  a  common  outlet,  or  cloaca  ;  and  the  former  are 
very  similar  to  those  of  the  Sauropsida ;  the  mammary  glands  are 
unprovided  with  nipples,  and  the  reproduction  is  oviparous;  the 
eggs  being  meroblastic  like  those  of  Birds. 

It  may  here  be  observed  that  the  small  bone  in  the  pectoral  girdle  of 
the  Monotremes  placed  in  advance  of  the  coracoid,  which  is  usually 
termed  the  epicoracoid,  appears  to  correspond  with  the  precoracoid  of 
the  Anomodont  Reptiles'*  (fig.  gjSdz's,  p.  1054),  although  it  does  not  ex- 
tend upwards  to  articulate  with  the  acromial  process  of  the  scapula,  as 
the  Anomodont  precoracoid  articulates  with  the  process  of  the  scapula 
identified  by  Sir  R.  Owen  with  the  acromion.^  Further,  the  scapula  of 
the  Monotremes  differs  from  that  of  all  other  Mammals,  and  resembles 


^  The  structure  connecting  the  two  hemispheres  of  the  brain. 
^  This  appears  to  be  the  view  taken  by  Professor  Cope. 

3  This  is  the  original  view.  In  describing  the  scapula  of  Plaiypodosaiims, 
Sir  R.  Owen  confused  the  process  situated  above  a  in  fig.  978  bis  with  that 
marked  a,  and  termed  the  former  the  acromion. 
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sentatives  the  Monotremata,  to  Reptiles  and  Amphibia.    The  struc 
ure  of  the  pectoral  and  pelvic  girdles  presents,  indeed,  so  many 
stnkmg  resemblances  to  the  same  parts  of  the  skeleton  in  the 
Labynnthodont  Amphibia  and  Anomodont  Reptiles,  as  to  indicate 
as  already  mentioned,  a  distinct  genetic  connection  between  the 
three  groups;  the  characters  of  the  humerus  apparently  indicating 


Fig.  1130.— A,  Lateral  view  of  skull  of  Echidna;  B,  Do.  of  Omithorhynchus  ;  c,  Oral  view  of 
mandible  of  do. ;  d,  Sternal  region  of  do.  <r,  Clavicle ;  !,  Interclavicle ;  Presternum ;  ms,  Meso- 
sternum;  r.  Ribs;  jr,  Sternal  ribs;  ir.  Intermediate  ribs;  7«,  Cornules.  Reduced,  (d  after 
Flower ;  the  others  after  Giebel.) 


that  the  nearest  relationship  is  with  the  Anomodonts.  The  de- 
ciduous teeth  of  Omithorhynchus  indicate,  moreover,  without  any 
doubt  that  the  ancestors  of  the  Monotremes  were  provided  with 
persistent  teeth,  which  were  probably  monophyodont.  More- 
over, a  distant  resemblance  between  these  deciduous  teeth  and 
the  cheek-teeth  of  the  extinct  group,  mentioned  below  under  the 
name  of  Multituberculata,  suggests  that  these  forms  may  themselves 
be  Prototheria.  If  this  should  prove  to  be  the  case,  it  would  then 
be  apparent  that  that  branch  of  the  subclass  could  not  have  been 
the  ancestral  stock  of  the  Marsupials ;  and  we  shall  accordingly 
have  to  look  for  another  group  or  order  of  Prototheria,  with  a 
dentition  akin  to  that  of  the  Polyprotodont  Marsupials.     It  is, 
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•  auite  within  the  bounds  of  probabiHty  that  the  family 

SS/W^  -d-  ^he  head  of  the  latter  group 

frorove  to  be  Prototherians.  And  in  any  case  it  is  quite 
Sn't  that  the  two  existing  genera  of  Monotremes  can  in  no 
wav  be  looked  upon  as  actual  ancestral  types.  ^  . 

Order  I.  Monotremata.-As  already  mentioned  both  the 
existing  genera  of  Prototherians  are  included  in  this  order,  which 
X  bf  provisionally  characterised  by  the  production  of  the  cranium 
Sto  a  more  or  less  elongated  rostrum  supporting  a  horny  beak ;  by 
he  absence  of  teeth  in  the  fully  adult  animal ;  the  smoothness  of 
he  brain-case  ;  and  the  absence  of  an  auditory  bulla.  The  humerus 
is  greatly  expanded,  and  has  an  entepicondylar  foramen  ;  its  whole 
contour  approximating  to  the  corresponding  bone  of  the  Anomodont 

Reptiles  (fig.  982).  1    1  1,  • 

Family  Ornithorhynchid^.— In  this  family  the  cerebral  hemi- 
spheres are  smooth  ;  the  extremity  of  the  muzzle  is  produced  into  a 


Fig.  wi\.—Ornithorhynchm paradoxus,  Australia.  Reduced. 

broad  beak-like  expansion  (fig.  11 31);  teeth  are  present  in  the 
young,  and  are  succeeded  by  horny  plates  or  cornules  (fig.  11 30,  b, 
c) ;  and  the  skin  is  covered  with  hair.    The  feet  are  webbed.  This 
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family  is  represented  solely  by  the  genus  Ornithorhynchus  (fig.  „  ,  ^ ) 
of  which  a  single  species  inhabits  the  Australian  rivers,  in  the  banks 
tionfofMr'o  are  constructed.    According  to' the  observa- 

tions of  Mr  O.  Thomas,  it  appears  that  there  are  usually  two  teeth 

tiS  he  r      ^  ""^r        "^''^  j^-'  -hich  persist 

till  the  animal  is  somewhat  more  than  one-third  grown.  These  teeth 
have  at  first  small  but  distinct  roots,  and  present  a  distant"  resem 
bl^nce  to  the  true  molars  of  some  of  the  Multituberculata,  like 
Microlestes  ;  one  of  their  longitudinal  walls,  or  ridges,  carrying  a 
number  of  minute  cusps.  It  appears  that  the  cornules  grow  up  be- 
neath and  around  these  teeth,  which  are  gradually  worn  away,  and 
finally  shed  like  the  milk-molars  of  other  Mammals ;  the  hollows  in 
the  cornules  being  the  remnants  of  the  original  alveoli. 

Family  Echidnid^.— The  second  family  is  characterised  by  the 
convoluted  cerebral  hemispheres ;  the  production  of  the  muzzle  into 
along  tube-hke  beak  (fig.  1130,  a);  the  slenderness  of  the  man- 
dible ;  the  total  absence  of  teeth ;  and  the  presence  of  stout  spines 
mingled  with  the  fur.  Further,  the  feet  are  very  strong,  and  adapted 
for  digging,  and  the  centre  of  the  acetabulum  is  imperfectly  ossified. 
There  are  two  living  species  found  in  Australia  and  New  Guinea, 
both  of  which,  at  least  for  palseontological  purposes,  may  be  included 
m  the  genus  Echidna,  although  the  large  ^.  Bruijnii,  of  New  Guinea, 
IS  frequently  separated  under  the  name  of  Proechidna.  Remains' 
of  a  large  species  considerably  exceeding  the  latter  in  size  have  been 
obtained  from  the  Pleistocene  of  New  South  Wales. 

Group  Multituberculata. — In  this  place  it  will  be  convenient 
to  notice  a  group  of  very  imperfectly  known  Mesozoic  and  early 
Tertiary  Mammals  which  were  formerly  regarded  as  Diprotodont 
Marsupials  allied  to  Thylacoleo,  but  which  differ  in  several  respects 
from  that  group,  and  may  perhaps  eventually  prove  to  be  members 
of  the  subclass  Prototheria.  Although  these  peculiar  forms  re- 
semble the  Diprotodonts  in  having  a  single  pair  of  lower  incisors 
like  those  of  Rodents,  while  many  of  them  also  approximate  to 
certain  members  of  the  same  group  in  having  a  secant  and  grooved 
fourth  premolar ;  yet  they  dilfer  in  that  it  is  the  second  in  place  of 
the  first  upper  incisor  which  becomes  enlarged  and  opposed  to 
the  incisor  of  the  lower  jaw ;  while  when  the  fourth  lower  premolar 
is  secant  the  summit  of  its  crown  is  extremely  convex  instead  of 
more  or  less  concave.  The  true  molars,  as  already  mentioned, 
appear  to  approximate  in  general  structure  to  the  deciduous  cheek- 
teeth of  Ornithorhynchus,  and  are  quite  unlike  those  of  any  recent 
Marsupials.  Till,  however,  the  structure  of  the  pectoral  girdle  be 
known  the  serial  position  of  these  forms  cannot  be  definitely  deter- 
mined. And  it  may  be  observed,  that  the  humerus  of  the  limb 
which  may  be  referable  to  Tritylodon  is  unlike  that  of  the  Mono- 
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tremata  so  that  if  these  forms  be  Prototheria  they  probably  indi- 
cate a  distinct  specialised  order  of  that  subclass. 

In  addition  to  the  features  mentioned  above,  this  group  is  charac- 
terised by  the  true  molars  (fig.  1136)  carrying  lorigitudinal  rows  of 
tubercles,  separated  by  one  or  more  grooves  and  also  by  the  ab- 
sence of  a  pit  or  perforation  in  the  masseteric  form  of  the  mandible. 

Family  Plagiaulacid^.— In  the  Plagiaulacidce  the  premolars, 
which  vary  in  number  from  one  to  four  in  the  mandible  (figs.  1132- 


Fi?  ii«-A  Outer  view  of  the  right  ramus  of  the  mandible  of  Plagiaulax  minor-  four 
timef"naturkl  size  b!  Fourth  lower  premolar  oi  P.  Bccklcsi;  five  and  a  half  fmes  natural  sue. 
From  the  Purbeck  of  Dorsetshire.    (After  Owen.) 

1 1 38)  are  always  of  a  secant  nature,  and  are  usually  marked  by  a 
series  of  oblique  lateral  grooves  (fig.  11 32);  while  the  true  molars 
are  small  and  reduced  to  two  in  number.  In  the  type  genus  Pla- 
giaulax  of  the  Purbeck  (Upper  Jurassic)  of  Dorsetshire,  there  may 
be  either  four  (fig.  1132),  or  three  lower  premolars  ;  Professor  Cope 
regarding  the  latter  va- 
riation as  indicating  a 
distinct  genus,  for  which 
he  has  proposed  the 
name  Plioprion.  The 
upper  teeth  are  unknown. 
Ctenacodon  (fig.  1133), 
from  the  Upper  Jurassic 
of  North  America,  is  a 
closely  allied  but  per- 
haps less  specialised  type, 
with  four  lower  premo- 
lars, which  are  much 
worn  in  the  figured  speci- 
men. In  the  upper  jaw  the  anterior  premolars  are  like  those  of 
Bolodon.  The  figure  shows  the  relatively  low  position  of  the  con- 
dyle of  the  mandible  in  this  family ; — a  feature  shared  with  the 
Pleistocene  Thylacoleo,  among  the  Marsupials.  From  the  Lowest 
Eocene,  both  of  France  and  North  America,  we  have  the  more 
specialised  g&nn^  Neoplagiaii lax  (fig.  11 34),  in  which  only  the  fourth 
premolar  remains  in  the  mandible.  The  Puerco  Eocene  of  North 
America  has  also  yielded  Ptilodus  (fig.  1135),  characterised  by  the 


Fig.  1133. — Outer  aspect  of  the  right  ramus  of  the  man- 
dible of  Ctenacodon  serratus  ;  from  the  Upper  Jurassic  of 
North  America.  Upper  figure,  natural  size  ;  lower,  four 
times  natural  size,  a,  Incisor;  6,  Condyle;  c,  Coronoid 
process.    (After  Marsh.) 
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presence  of  a  minute  third  lower  premolar.  Liotomus  of  the  French 
Eocene  differs  from  all  the  others  by  its  smooth  fourth  premolar 
Memscoessus,hom  the  uppermost  or  Laramie  Cretaceous  of  the  United 


er  iiocene  ol  Kheims.    The  line  indicates  the  true  size.    (After  Lemoine.) 

States,  is  a  somewhat  larger  form  which  may  probably  be  included  in 
this  family.  It  was  first  made  known  by  an  upper  true  molar  but 
secant  premolars  from  the  same  deposits  subsequently  described 

under  the  name  of  Halodott,  together 
with  other  teeth  figured  under  the  names 
of  Tripriodon,  Diprodion,  and  Selenac- 
odon,  are  probably  all  referable  to  Mefi- 
iscdessus.  Another  form  from  the  Lara- 
mie Cretaceous  which  may  be  provision- 
ally known  as  Cwwliomys,  appears  to  be 
closely  allied  to  the  Eocene  Ftilodus,  but 
may  have  affinity  with  Plagiaulax ;  the 
teeth  described  as  Cvnolodon  and  JVano- 
niys,  as  well  as  one  of  those  referred  to 
Halodon  appear  inseparable  from  this 
form.  Other  generic  names  have  been 
applied  to  teeth  of  a  more  or  less  closely 
allied  type  from  the  same  deposits. 

Certain  bones  from  the  Laramie  de- 
scribed as  Camptomus  probably  belong 
to  this  group,  and  are  noteworthy  as 
showing  a  distinct  coracoid  and  inter- 
clavicle  ;  thus,  if  rightly  referred  and  determined,  clearly  indicating 
the  Prototherian  affinities  of  the  Multituberculata. 

From  the  Tertiaries  of  Patagonia  Dr  Ameghino  has  described 
certain  remains  under  the  generic  names  of  Abderites,  Acdesiis,  and 
Falceotheutes,  which  are  referred  to  this  family,  and  are  apparently 
nearly  related  to  the  European  genera.   The  genus  Microbiotherium 


Fig.  1135. — The  left  ramus  of  the 
mandible  of  Ptilodus  vteditevus ; 
from  the  outer  (a),  inner  (^),  and 
oral  (c)  aspects :  from  the  Puerco 
Eocene  of  New  Mexico.  (After 
Cope.) 
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has  also  been  described  from  the  same  deposits,  and  is  regarded  as 
indicating  a  distinct  family. 

Family  Polymastodontid^.— The  type  genus  Polyviastodon 
occurs  in  the  Lowest  Eocene  of  North  America,  and  has  one  pre- 
molar and  two  true  molars.  The  premolar  is  tubercular,  and  the 
upper  true  molars  have  three  longitudinal  ridges,  and  are  elongated 
antero-posteriorly. 

Family  Tritylodontid^. — The  genus  Tritylodon  was  first  de- 
scribed from  a  nearly  entire  cranium  found  in  the  Karoo  system  of 
South  Africa,  in  a  horizon  which  is  probably  of  Lower  Mesozoic 
age;  but  a  tooth  (fig.  11 36)  previously 
obtained  from  the  Upper  Trias  of 
Germany,  and  described  under  the 
preoccupied  name  of  Triglyphus, 
proves  to  belong  to  the  same  genus. 
The  upper  dental  formula  is  /.  2,  C.  o, 
Ffii.  2,  M.  4.  The  innermost  upper 
incisor  is  large  and  scalpriform,  while 
the  outer  one  is  very  minute.  The 
upper  true  molars  (fig.  1136)  carry 
three  longitudinal  ridges,  and  have  the 
longer  diameter  of  the  crown  directed 
transversely.  The  anterior  portion  of 
the  cranium  is  remarkable  for  its  great 
width  and  bluntness.  The  African 
species  indicates  an  animal  about  the 
size  of  a  Rabbit.  From  the  same  de- 
posits at  the  Cape  has  been  obtained 
a  slab  showing  the  impression  of  a 
pectoral  limb  apparently  referable  to  a 

small  Mammal,  which  has  been  described  under  the  name  of  Ther- 
iodesmus.  If,  as  is  probably  the  case,  this  specimen  be  really 
Mammalian,  there  is,  however,  no  reason  why  it  should  not  belong  to 
Tritylodon.  According  to  Professor  Bardeleben  this  limb  has  two 
centralia  in  the  carpus  (as  in  some  Insectivora),  and  a  distinct  pre- 
hallux ;  the  alleged  fusion  of  the  scaphoid  with  the  lunar  being  in- 
correct. To  the  present  family  may  likewise  be  referred  the  very 
imperfectly  known  Stereognathus,  of  the  Lower  Jurassic  of  Stones- 
field  ;  the  upper  cheek-teeth  of  which  closely  resemble  those  of  Tri- 
tylodon. Finally,  Chirox,  from  the  Upper  Jurassic  of  North  America, 
shows  certain  characters  connecting  the  present  with  the  next  family, 
in  which  it  is  provisionally  placed  by  Professor  Osborn. 

Family  BoLODONXiOiE. — Nearly  allied  to  the  preceding  family, 
but  with  the  upper  true  molars  antero-posteriorly  instead  of  trans- 
versely elongated,  and  with  only  two  longitudinal  ridges,  is  the 


Fig.  1136. — An  upper  true  molar  of 
Tritylodon  Fraasi;  from  the  Upper 
Trias  of  Strasbourg.  The  two  central 
figures  are  of  the  natural  size ;  the 
others  enlarged  three  times,  o.  Crown 
surface ;  Basal  surface  ;  z/,  The 
two  lateral  surfaces  ;  /,  a.  Anterior  and 
posterior  surfaces.  The  position  of  a 
IS  at  right  angles  to  that  of  the  molars 
in  the  next  figure. 
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genus  Bolodon,  of  the  Dorsetshire  Purbeck.  In  this  genus  (fig 
1 137)  there  were  apparently  three  upper  premolars  and  four  true 
molars;  with  probably  three  incisors,  of  which  the  first  is  very 
mmute.  Although  of  much  smaller  size,  the  cranium  of  the  type 
species  presents  a  striking  resemblance  to  that  of  the  African  Trityl- 


pmx 


tv/t^'mi  "37-— The  right  maxilla  of  Bolodon  crassidens ;  from  the  Dorsetshire  Purbeck  mx 
Maxilla ;  pmx  Premaxilla  ;  Ji,  Foramen  ;  ;k,  True  molars  ;  Premolars ;  i,  Incisors.  Greatly 
enlarged.    (After  Osborn.) 


odon.  Allodon,  from  the  Upper  Jurassic  of  North  America,  is  a 
very  closely  allied,  if  not  identical  form,  in  which  there  were  cer- 
tainly three  upper  incisors,  of  which  the  second  (fig.  1137)  is  en- 
larged, and  apparently  corresponds  to  the  large  inner  incisor  of 
Tritylodon.    The  genus  Microlestes,  from  the  Upper  Trias  of  Wiir- 

temberg  and  England,  is  only  known  by  de- 
tached molars  (fig.  1138)  closely  resembling 
the  true  molars  of  Plagiaulax.  This  genus 
is  referred  by  Professor  Osborn  to  the  Pla- 
giaulacida ;  but  till  it  is  proved  to  have 
trenchant  premolars  it  seems  preferable  to 
place  it  provisionally  in  the  present  family. 
Figure  a  in  the  accompanying  woodcut  gives 
a  side  view  of  the  type  tooth,  which  has  two 
rows  of  tubercles  separated  by  a  longitudinal 
groove  ;  the  imperfect  crown  of  another  tooth 
shown  in  b,  and  provisionally  referred  to  the  same  genus,  is  remark- 
able for  the  resemblance  presented  by  its  two  remaining  tubercles 
to  those  of  the  teeth  of  Ornithorhynchus.  The  name  Hypsiprym- 
nopsis  has  been  applied  to  a  tooth  of  Microlestes,  from  the  English 
Rhaetic. 

Subclass  II.  Metatheria. — The  members  of  this  subclass  agree 
with  the  Prototheria  in  the  structure  of  the  brain  and  the  presence 


Fig.  H38. — a.  Lateral  view 
of  a  tooth  of  Microlestes 
antiqicus ;  i,  Part  of  the  crown 
of  a  tooth  on  a  still  more  en- 
larged scale  ;  from  the  Upper 
Trias  of  Wiirtemberg.  (After 
Lyell  and  Falconer.) 
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Fig.  1139. — Ventral  view  of  the 
symphysis  and  left  half  of  the 
pelvis  of  a  Kangaroo.  »«,  Epi- 
pubic  bones.  Reduced. 


of  epipubic  bones  1  (fig.  1139.  but  differ  in  the  more  specialised 
characters  of  the  auditory  ossicles ;  in  the  reduction  of  the  coracoid 
to  a  mere  process  of  the  scapula,  and  its 
non-articulation  with  the  sternum ;  in  the 
absence  of  an  interclavicle  ;  and  in  the  pres- 
ence of  nipples  to  the  mammary  glands. 
In  the  latter  characters  they  agree  with  the 
Eutheria,  from  which  they  are  distinguished 
by  the  presence  of  an  imperfect  cloaca, 
and  by  the  characters  of  the  urinogenital 
organs,  which  are  in  some  respects  inter- 
mediate between  those  of  the  Eutheria 
and  Prototheria.  The  young,  although 
produced  viviparously,  are  born  in  an  ex- 
ceedingly imperfect  condition,  and  are 
never  nourished  in  utero  by  an  allantoic 
placenta ;  but  at  an  early  period  are  trans- 
ferred to  the  nipples  of  the  mother,  to 
which  they  adhere  for  a  long  time.  The 
nipples  themselves  are  nearly  always  con- 
cealed in  a  fold  of  skin  forming  the  so- 
called  marsupium. 

Teeth  are  invariably  present,  and  are 
divisible  into  the  usual  four  groups.  With  the  exception  of  the 
Phascolo?>iyidce,  the  number  of  incisors  in  the  upper  jaw  of  all  exist- 
ing forms  exceeds  that  in  the  mandible.^  The  true  molars  are  very 
generally  four  in  number  on  either  side  of  each  jaw ;  and  in  all 
existing  forms  the  number  of  premolars  does  not  exceed  three, 
although  four  (which  may  be  taken  as  the  typical  number)  are 
found  in  several  Mesozoic  genera.  The  most  remarkable  feature 
about  the  dentition  is,  however,  that  it  is  only  the  last  premolar  (the 
fourth  of  the  typical  series)  among  the  whole  number  of  teeth  that 
ever  has  a  milk  predecessor ;  such  predecessor  generally  resembhng 
the  true  molars  in  structure.  Some  genera,  like  Fhascolomys,  show, 
however,  no  signs  of  even  this  single  replacement ;  and  it  is  pretty 
clear  that  we  have  here  the  first  commencement  of  a  replacing  series 
of  teeth,  which  in  the  early  Eutheria  must  have  gradually  extended 
anteriorly,  until  it  normally  embraced  all  the  teeth  in  advance  of 
Pm.  4,  with  the  very  general  exception  of  Pm.  i,  although  in  certain 
Perissodactyla  even  that  tooth  had  a  milk  predecessor. 

Another  very  characteristic,  although  not  universal,  feature  in  this 
subclass  is  the  inflection  of  the  angle  of  the  mandible  (fig.  1152) ; 

^  Unossified  in  Thylacinus. 

*  The  same  feature  occurs  among  the  Anomodont  Reptiles  in  the  Galesaurida, 
VOL.  11.  2  B 
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and  in  many  genera  the  palatal  region  of  the  cranium  contains 
unossified  vacuities  of  considerable  size. 

Order  II.  Marsupialia. — The  whole  of  the  known  Metatheria 
are  included  in  the  single  order  Marsupialia,  and  it  is  not  at  present 
necessary  to  give  ordinal  characters  as  distinct  from  those  of  the 
subclass.  At  the  present  day  this  order  is  restricted  to  America 
and  the  Australian  region ;  the  greater  number  of  forms  occurring 
in  the  latter  area,  while  only  the  Didelphyida  are  found  in  the  former. 
In  earlier  epochs,  however,  this  order  was  much  more  widely  dis- 
tributed, and  it  apparently  contains  some  of  the  earliest  known 
representatives  of  the  entire  class. 

Marsupials  form  in  some  respects  the  intermediate  stage  between 
the  Prototheria  and  Eutheria,  and  it  is  probable  that  there  will  be 
eventually  found  a  complete  transition  from  the  Polyprotodont  sub- 
order of  this  group  to  unknown  Prototherian  Mammals  with  the 
same  general  type  of  dentition — possibly  more  or  less  closely  allied 
to  the  undermentioned  Triassic  family  Droniatheriidce. 

Suborder  i.  Polyprotodontia.  —  In  existing  Polyprotodont 
Marsupials,  which  occur  both  in  America  and  the  Australian  region, 
there  are  never  fewer  than  three  lower  and  four  upper  incisors,  and 
there  may  be  five  upper  and  four  lower  teeth  of  this  series.  These 
teeth  are  small  and  subequal,  and  are  followed  by  a  larger  canine 
(fig.  1 148).  Normally  there  are  three  premolars,  corresponding  to 
the  first,  third,  and  fourth  of  the  typical  series,  but  the  fourth  may 
be  absent,  Dasyurus  and  Sarcophilus  (fig.  1148).  The  number  of 
true  molars  is  generally  four,  but  in  Myrmecobius  these  teeth  are 

increased  to  \  ;  and  their  crowns  are  nearly  always  characterised  by 
6 

carrying  a  number  of  small,  sharply  pointed  cusps.  In  no  species 
is  there  a  fourth  premolar  of  the  elongated  secant  form  characteristic 
of  many  Diprotodonts.  Several  of  the  Mesozoic  forms  included  in  this 
group  agree  very  closely  with  the  recent  ones,  but  many  of  them  have 
four  premolars,  and  in  some  there  are  as  many  as  seven  true  molars. 

Family  Dromatheriid^. — This  family,  typically  represented  by 
the  genus  Dromatherium  (fig.  1140),  of  the  reputed  Trias  of  North 

America,  is  provisionally  placed 
here,  since  it  may  be  related  to 
some  of  the  members  of  the  next 
family,  although  Professor  Osborn 
makes  it  the  type  of  a  distinct 

Fig.  1140.— Inner  view  of  the  left  ramus  of     n^rlpr         fhf"     Prntnrlnntn    and 

the  mandible  of  Dromatherium  sylvestre :     O^Oer         tnC     J-  rOtOQOnia  auu 

from  the  Trias  of  North  Carolina.     (After     eVCn    SUggCStS     that    it    may  be 

^■"■"""'•^  Reptilian.     If  not  Marsupials, 

these  early  Mammals  may  prove  to  be  representatives  of  a  group  of 
Prototheria  from  which  the  Polyprotodont  Marsupials  have  origin- 
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ated  The  cheek-teeth  differ  from  those  of  all  other  Marsupials  in 
having  the  fangs  imperfectly  divided,  and  thus  approximate  to  those 
of  certain  Anomodont  Reptiles.  There  are  seven  true  molars,  the  m- 
cisors  are  spaced,  there  is  long  diastema  behind  the  canme,  and  the 
three  premolars  are  of  a  very  simple  structure.  The  crowns  of  the 
true  molars  consist  of  one  main  cusp,  with  small  accessory  cusps ; 
and  it  would  appear  that  the  teeth  of  the  upper  and  lower  jaws 
mutually  interlocked.  This  type  of  tooth  is  regarded  by  Professor 
Osborn  as  the  most  archaic  yet  known.  Microconodon,  which 
occurs  in  the  same  deposits  as  Dromatherium,  is  an  allied  but 
smaller  form. 

Family  Amphitheriid^. — This  Mesozoic  family  is  provisionally 
taken  to  include  a  number  of  small  and  imperfectly  known  forms, 
some  of  which  are  regarded  by  almost  all  writers  as  undoubtedly 
Marsupials,  although  others  have  been  referred  by  Professor  Osborn, 
with  some  hesitation,  to  the  Insectivora,  under  the  name  of  Insec- 
tivora  Primitivaj  those  which  are  retained  by  that  writer  in  the 
present  order  being  termed  Prodidelphia.  Although  it  is  quite 
probable  that  with  fuller  information  the  two  sections  into  which 
this  family  is  divided  may  be  raised  to  the  rank  of  separate  families, 
yet  the  evidence  brought  forward  by  the  writer  mentioned  above  in 
favour  of  referring  some  of  the  genera  to  the  Insectivora  appears  to 
be  insufficient ;  no  members  of  that  order  having  more  than  three 
lower  incisors  or  more  than  the  normal  three  molars  of  the  other 
Placental  Mammals.^  Considerable  confusion  has  arisen  in  regard 
to  the  dentition  of  many  of  the  members  included  in  this  family 
owing  to  the  circumstance  that  in  the  mandible  only  one  side  of 
the  teeth  is  generally  seen,  so  that  several  genera  have  been  made 
upon  the  evidence  of  remains  of  a  few  closely  allied  species.  The 
clearing  up  of  this  confusion  is  mainly  due  to  the  careful  observa- 
tions of  Professor  Osborn.  In  this  family  all  the  genera  are  char- 
acterised by  a  channel  on  the  inner  side  of  the  mandibular  rami 
known  as  the  Mylohyoid  groove  (fig.  11 47) — a  feature  occurring  in 
many  recent  Polyprotodonts.  The  number  of  lower  incisors  was 
probably  always  four  (as  in  the  modern  DidelphyidcB),  and  the 
lower  true  molars  are  frequently  in  excess  of  that  number,  as  in 
Myrmecohius  alone  among  existing  heferodont  Mammals.  These 
true  molars  may  either  consist  of  three  or  more  cusps  arranged  in  a 
single  line,  or  they  may  be  differentiated  into  a  tritubercular  blade 
followed  by  a  posterior  heel  or  talon.  The  premolars  are  very 
generally  four  in  number,  but  they  may  be  reduced  to  three,  or 
perhaps  two.  Not  unfrequently,  as  in  the  existing  Ferafnelidce,  the 
root  of  the  canine  may  be  grooved. 

^  Judging  from  his  latest  memoir  on  the  subject,  it  is  probable  that  Professor 
Osborn  would  now  considerably  modify  his  views  as  to  these  divisions. 
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As  a  provisional  measure  this  family  may  be  divided  into  two 
groups  or  subfamilies,  of  which  the  first  may  be  eventually  raised  to 
the  rank  of  a  distinct  family.  The  first  subfamily,  or  Phascolo- 
theriincB,  is  referred  by  Professor  Osborn  to  his  Prodidelphia,  and 
is  included  in  the  Triconodontidce  {infra).  The  lower  true  molars 
consist  typically  of  three  main  cusps  arranged  in  a  line,  together 


Fig.  1141.— Inner  view  of  the  right  ramus  of  the  mandible  of  Phascolotherium  Bttcklandi ; 
from  the  Stonesfield  Slate.  Twice  natural  size.  The  outline  figure  is  natural  size.  There 
should  be  a  fourth  incisor.   (After  Owen.) 

with  some  accessory  cusps ;  and  it  would  appear  that  the  upper 
molars  were  of  similar  structure.  The  lower  incisors  are  separated 
from  one  another  by  intervals.  The  typical  genus  Phascolotherium 
(fig.  1 141),  from  the  Lower  Jurassic  slate  of  Stonesfield,  in  Oxford- 
shire, has  the  condyle  of  the  mandible  placed  very  low  down ; 
the  lower  dental  formula  is  /  4,  C.  i,  Pm.-\-M.  7,  the  canine  is 
separated  by  a  diastema  from  the  first  premolar,  and  the  true  molars 
have  a  well-marked  cingulum  on  the  inner  side.    Amphilestes  (fig. 


Fig.  1142. — Reversed  inner  view  of  the  left  ramus  of  the  niaiiuiijle  o( Amphilestes  Broderipi ; 
from  the  Stonesfield  Slate.  Twice  natural  size.  The  restoration  of  the  anterior  teeth  is  con- 
jectural; and  the  condyle  is  placed  too  high.    (After  Owen.) 

1 142),  from  the  same  deposits,  has  a  more  numerous  series  of 
cheek-teeth,  and  a  higher  mandibular  condyle.  The  exact  dental 
formula  is  not  known,  although  it  may  have  been  the  same  as  in 
the  undermentioned  Amblotherium.  The  mandible  from  the  same 
beds  shown  in  fig.  1143  has  been  made  the  type  of  the  genus 
Amphitylus;  and  according  to  Professor  Osborn  has  teeth  of  the 
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same  general  type  as  those  of  the  preceding  genera.  If  this  be 
so  it  would  appear  to  countenance  the  view  that  the  present  group 
should  be  separated  from  the  Amphitheriida,  but  owing  to  the 
damaged  condition  of  the  speci- 
men great  caution  is  necessary 
in  speaking  positively  as  to  the 
nature  of  the  teeth. 

In  the  second  subfamily,  or 
Amphitheriitm,  the  lower  true 

1  „  ^;fToronh"otpr1   intT>  Fig.  11+3.- Outer  aspect  of  the  right  ramus  of 

molars  are  ditlerentiatea  into  a      Mandible  of  AmphUykis  oive?u;  from  the 

tritubercular  anterior  blade  and   Stonesfield  Slate.    Enlarged.    (After  Owen.) 

a  posterior  heel  or  talon.  Four 

premolars  are  present  in  all  those  genera  of  which  the  entire  lower 
dentition  is  known ;  and  the  mandibular  condyle  is  high.  The 
upper  molars  are  unlike  the  lower.  Many  of  these  genera  are 
referred  by  Professor  Osborn  to  his  Insectivora  Primitiva. 

Before  proceeding  further  some  explanation  is  necessary  as  to 
the  structure  of  this  type  of  lower  molar.    Following  the  nomen- 


Fig.  1144.— Outer  aspect  of  the  left  ramus  of  the  mandible  of  Dryolestes  vorax ;  from  the 
Upper  Jurassic  of  North  America.  Three  times  natural  size,  a.  Canine  ;  c,  Coronoid  process ; 
d,  Angle.    The  incisors  and  first  premolar  are  absent.    (After  Marsh.) 

clature  adopted  by  Professor  Flower  the  three  cusps  in  the  anterior 
half  of  such  a  "  tritubercular"  tooth  may  be  collectively  spoken  of 
as  the  blade  (fig.  1145,  a,  b,  c);  while  the  hinder  part  {d)  may  be 
termed  the  talon.    In  the  blade  the  cusp  a  is  termed  the  anterior, 


b 

Fig.  1145. — Upper,  outer,  and  inner  views  of  a  left  lower  true  molar  of  Dasyurtts.  a,  Anterior 
cusp  of  blade  {paraconid);  b,  Posterior  cusp  of  do.  (protoconid);  c,  Inner  cusp  of  do.  {meta- 
conid);  d.  Talon  {hypoconid). 

the  large  one  b  the  posterior,  and  the  small  one  c,  which  is  the 
innermost,  the  inner  cusp.  According  to  Professor  Osborn  these 
three  cusps  correspond  to  the  three  cusps  of  Priacodon  (fig.  1147), 
and  in  both  cases  he  applies  to  them  the  names  of  para-,  proto-, 


CLASS  MAMMALIA. 


and  metaconid;  calling  the  talon  of  the  present  type  the  hypoconid 
Corresponding  terms  ending  in  cone  are  applied  to  the  upper  molars 
of  the  same  types. 

It  will  be  obvious  that  when  a  jaw  is  embedded  in  matrix  with 
the  inner  surface  exposed  we  shall  only  see  the  cusps  a  and  c  and 
the  talon  d ;  while  when  the  outer  surface  is  visible  only  the  large 
cusp  b  will  be  observed.  An  example  of  the  latter  occurrence  is 
shown  in  fig.  1146;  and  this  circumstance  has  been  the  fruitful 
source  of  error  in  regard  to  a  number  of  the  Mesozoic  types  under 
consideration. 

In  the  type  genus  Amphitherium  of  the  Stonesfield  Slate,  or 
Lower  Jurassic,  the  exact  dental  formula  is  unknown,  but  it  may 
perhaps  have  been  the  same  as  in  the  next  genus.^  In  Amblo- 
theriiim  (  =  Feraspalax,  Phascolestes)  of  the  Purbeck,  or  Upper 
Jurassic,  of  Dorsetshire,  the  lower  dental  formula  is  /.  4,  C.  i, 


Fig.  1146.— Outer  view  of  the  left  ramus  of  the  mandible  of  A mblotherium  gracile;  from  the 
Upper  Jurassic  of  North  America.    Three  times  natural  size,    a.  Canine :  c,  Coronoid  process  : 
Condyle  ;  d.  Mandible.    (After  Marsh.) 


P7n.  4,  M.  (7-8),  or  the  same  as  in  the  American  Jurassic  Dryo- 
lestes  (fig.  1 144).  Several  species  are  known,  in  some  of  which 
there  were  seven,  and  in  others  eight  lower  molars.  The  genus 
Stylodon  has  been  founded  upon  the  outer  side  of  mandibles  of 
Amblotherium,  in  which  only  the  large  posterior  cusp  (protoconid) 
of  the  blade  of  the  molars  is  visible,  as  in  the  lower  jaw  shown  in 
the  accompanying  woodcut,  which  has  been  made  the  type  of  the 
genus  Stylacodon,  of  the  Upper  Jurassic  of  North  America.  The 
latter  has  eight  lower  molars,  while  the  English  form  has  only 
seven.  Achyrodon,  of  the  English  Purbeck,  is  closely  allied  to 
Amblotheriu77i,  but  differs  in  the  form  of  the  cusps  of  the  molars. 
Peramus  {Leptocladus)  is  a  third  Purbeck  genus,  with  relatively 
stouter  lower  molars,  in  which  Professor  Osborn  gives  the  lower 
dental  formula  as  /.  3,  C.  i,  Pm.  6,  M.  3.  The  North  American 
Dryolestes  has  relatively  shorter  lower  molars  (fig.  1144),  the  wood- 
cut clearly  showing  the  three  cusps  of  the  blade  and  the  talon  of 
these  teeth.    Astheftodon  and  Laodon  are  other  North  American 


^  Professor  Osborn  regards  it  as  /.  ?,  C.  i,  Pm.  5,  M,  6. 
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f  rhnracterised  by  the  small  size  of  the  talon  of  the  lower 
'Z^rs^TleuLes  Dicrocynodon  i^Diplocynodon)  Docodon 
Z^Enneodon-  have  been  applied  to  more  or  less  closely  alhed 
forms  from  the  same  deposits.  Finally,  Professor  Osborn  has 
given  the  name  Kurtodon  to  certain  upper  jaws  from  the  English 
lurbeck,  which  are  probably  referable  to  one  or  other  of  the  above- 
mentioned  genera.  From  the  Laramie  Cretaceous  of  North  Amenca 
Professor  Marsh  has  described  the  remains  of  allied  types.  One  of 
these  has  been  termed  Didelphops  {Diddophodon  or  Cimolestes),  while 
one  tooth  has  been  referred  to  the  Jurassic  genus  Dryolestes  and 
another  has  been  made  the  type  of  the  genus  P.toj^.  The  re- 
semblance in  the  structure  of  the  lower  molars  of  the  Amphitkernncs 
to  that  of  the  corresponding  teeth  oi  Dasyurus  and  the  Dtdelphyidce, 
sui^gests  that  the  latter  have  originated  from  an  allied  stock. 

Family  Spalacotheriid/e.— The  genus  Spalacotkerium,  with 
which  Peralestes  is  identical,  has  a  dentition  which  may  probably 

be  expressed  by  the  formula  I.       C.  ^  Pm.  ^,  M.  -.  The 

true  molars  consist  of  a  single  column  carrying  three  cusps,  and 
thus  corresponding  to  the  blade  of  the  tooth  of  the  A7nphitherii7ia. 
The  reduction  in  the  number  of  the  lower  incisors  distinguishes 
this  family  from  the  last;  but  it  is  difficult  to  say _ whether  the 
absence  of  the  talon  in  the  lower  true  molars  is  or  is  not  a  more 
specialised  feature.  The  molars,  which  are  of  the  typical  trituber- 
cular  type,  approximate  very  closely  in  their  plan  of  structure  to 
those  of  the  genus  Chrysochloris  among  the  Insectivora,  but  this 
cannot  be  taken  as  indicative  that  the  present  genus  should  be 
referred  to  that  order,  since  a  precisely  analogous  resemblance  ex- 
ists between  the  molars  of  Tupaia  in  the  Insectivora  and  Perameles 
in  the  Marsupials.  Menacodon,  from  the  Upper  Jurassic  of  North 
America,  is  an  allied  genus. 

Family  Triconodontid^. — The  last  family  of  Mesozoic  Mam- 
mals we  have  to  consider  is  represented  by  the  English  Purbeck 
genus  Triconodon  {Triacanthodon),  and  the  allied  or  identical 
Priacodon  (fig.  1147)  of  the  Upper  Jurassic  of  North  America. 
Professor  Osborn  includes  in  this  family  the  Phascolotheriina 
already  mentioned;  but  the  reduction  in  the  number  of  the  in- 
cisors and  the  general  fades  of  the  teeth  seems  to  indicate  con- 
siderable difference — although  the  two  groups  are  probably  more 
or  less  nearly  related.  The  mandibular  condyle  is  placed  still 
lower  than  in  Phascoloiheriufn,  and  apparently,  indeed,  than  in 
any  other  known  Mammal.  The  upper  cheek-teeth  resemble  the 
lower.  The  dental  formula  in  the  mandible  is  /.  3,  C.  i,  Pm.  4, 
M.  (3-4).  The  incisors  were  approximated,  the  cheek-teeth  have 
1  Preoccupied,  see  page  1015. 
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an  inner  cingulum,  and  the  molars  consist  of  three  subequal  cones 
or  cusps  of  a  trenchant  form,  arranged  longitudinally.  There  were 
apparently  either  three  or  four  molars  in  different  individuals  of  a 
smgle  species.  The  fourth  premolar  was  preceded  by  a  milk-tooth 
resembling  the  true  molars.  It  was  considered  by  Sir  R  Owen 
that  the  lower  true  molars  of  this  genus  corresponded  to  those  of 
the  existing  Thylacinus,  in  which  there  is  a  bilobed  blade  and  a 
talon.  According,  however,  to  Professor  Osborn,  this  interpretation 
IS  incorrect ;  and  that  observer  considers  that  the  three  cusps  of  the 


Fig._ii47.-Inner  view  of  the  left  ramus  of  the  mandible  of  Priacodon  ferox ;  from  the  Upper 
Jurassic  of  North  America.    Three  times  natural  size,    c,  Coronoid  ;  g,  MylohVoid  groove 
Symphysis.    The  anterior  teeth  are  wanting.    (After  Marsh.)  •         ■>     >  kuuvc,j, 

Triconodont  type  represent  the  three  main  cusps  of  the  tooth  of 
Phascolotheriuin  (fig.  1141),  and  also  correspond  to  the  three  lobes 
of  the  blade  of  the  tritubercular  molar  of  the  Amphitherium  type 
(fig-  1 145);  he  accordingly  terms  these  three  cusps  the  para-, 
proto-,  and  jnetaconid,  and  considers  that  the  talon  {hypocontd)  is 
unrepresented. 

Family  Dasyurid^. — With  this  family  we  come  to  the  considera- 
tion of  the  existing  Marsupials.  The  Dasytirida  is  an  exclusively 
Australian  family,  comprising  the  largest  known  members  of  the 
suborder,  and  is  divided  into   the  subfamilies  Dasyurincc  and 

Myrmecobiina.    These  are  always  Z  -,  C.  -  :  but  the  number  of 

3  I 

cheek-teeth  varies,  although  there  are  never  more  than  three  pre- 
molars. In  the  pes  the  hallux  is  usually  either  rudimental  or 
absent,  but  the  other  four  digits  are  well  developed  and  subequal.  In 

the  Dasyuritm  the  number  of  cheek-teeth  does  not  exceed  -,  the 

7 

upper  true  molars  have  triangular  crowns,  and  those  of  the  lower 
molars  are  differentiated  into  an  anterior  blade  and  a  posterior  talon 
(fig.  1 145),  like  the  lower  carnassial  tooth  of  many  of  the  placental 
Carnivora  of  the  present  day.  The  mylohyoid  groove  may  be 
present  both  in  this  and  the  next  subfamily.  The  Tasmanian 
Wolf  is  the  sole  living  representative  of  the  genus  Thylacinus,  in 
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.-hich  the  Cheek-teeth  number  Fm.  -3,  M.  \,  and  the  humerus  has 
a  foramen:  but  in  the  Pleistocene  of  Austrdia  there  occurs  the 
cons  dTrab  y  larger  T.  spdceus.  Sarcophilus,  of  which  the  dentition 
is  shown  in  fig.  1 148,  is  also  confined  at  the  present  day  to  Tas- 


f;^  11^8  -Left  lateral  view  of  the  dentition  of  Sarcophihis  ursinns.    Recent,  Tasmania.  /, 
incisor; ;     Caninet  pm,  Premolars ;  m.  Molars.    The  tooth  marked  pm  2  .s  really  fm  3. 

mania,  but  a  larger  species  inhabited  the  mainland  of  Australia  in 
the  Pleistocene.  Indications  of  speciaHsation  are  shown  by  the 
reduction  of  the  premolars  to  two,  and  also  by  the  loss  of  the  fora- 
men in  the  humerus.  The  most  generalised  genus  of  the  subfamily 
is  Dasyurus,  comprising  several  species  of  smaller  size  than  the  pre- 
ceding. In  the  lower  molars  (fig.  ii4S)  the  blade  has  three  cusps 
arranged  in  a  triangle,  and  thus  differs  from  those  of  Thylacinus,  in 


Fig.  I  ng.—iMyriiiecol'iusjasdatus,  Australia.  Reduced. 


which  the  inner  cusp  is  wanting.  There  is  a  mylohyoid  groove  in 
the  mandible,  and  the  humerus  has  a  foramen.  Species  of  Dasyurus 
at  the  present  day  range  over  the  whole  of  the  Australian  continent, 
one  of  them  dating  from  the  Pleistocene.    The  subfamily  Myrmeco- 
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l>nn^  is  represented  solely  by  the  genus  Myrmecohus,  In  this  re 
markable  ammal  (fig.  1149)  the  lower  incisors  are  separated  from 
one  another,  the  cheek-teeth  number     of  which  the  first  three  in 

either  jaw  are  premolars ;  while  the  molars  have  quadrangular  multi- 
cuspidate  crowns,  and  are  not  well  differentiated  from  the  premolars 
Although  some  writers  doubt  the  connection,  it  is  probable  thai 
Myrmecohus  is  the  direct  descendant  of  forms  closely  allied  to 
Am/>Mes/es,  of  the  Lower  Jurassic  of  England ;  the  relations  of  the 
two  bemg  perhaps  somewhat  similar  to  that  existing  between  the 
hvmg  Sphetiodon  of  New  Zealand,  and  the  more  specialised  Hvier- 
odapedon  of  the  English  Trias. 

Family  Peramelid^.— In  this  family,  comprising  the  Bandicoots 
of  Australia  and  New  Guinea,  the  dental  formula  is  /  C  - 

3        4  3    '    ■  1' 

Pm.  -,  M.  and  the  pes  has  two  of  the  digits  reduced  and  con- 
nected by  integument,  as  in  the  Macropodida  among  the  Diproto- 
donts.  Occasionally  the  canines  have  grooved  or  double  roots. 
Remains  of  existing  species  of  Perameks  and  Peragale  occur  in  the 
Pleistocene  of  New  South  Wales. 

Family  Didelphyid^. — In  all  the  members  of  this  family  the 

dental  formula  is  Z  ^,  C.      Pm.  ^,  M.  \    The  incisors  are  very 

small  and  sharp;  the  canines  are  large  ;  the  premolars  compressed  ; 
and  the  true  molars  constructed ,  on  the  general  plan  of  those  of 


Fig.  1150.— Left  lateral  view  of  the  dentition  of  Didelpltys  Azartu;  South  America  i  In- 
cisors ;  c.  Canine  ;  /;«,  Premolars  ;  711,  True  molars.  The  teeth  marked  pm  3  should  be  pm  4  : 
the  teeth  between  these  and  pin  i  being  pm  2. 


Dasyurus  ;  the  lower  ones  having  a  blade  and  talon,  with  a  distinct 
inner  cusp  to  the  former.  Each  foot  is  furnished  with  five  com- 
plete digits  ;  and  the  humerus  has  an  entepicondylar  foramen.  At 
the  present  day  the  Opossums,  as  the  members  of  this  family  are 
commonly  called,  are  confined  to  the  New  World,  where  they  are 
represented  by  the  genera  Didelphys  (fig.  1150)  and  Chironectes ; 
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the  latter  being  known  only  by  a  single  species.  Remains  of  exist- 
ing species  of  both  genera  occur  very  commonly  in  the  Pleistocene 
breccias  of  the  Brazilian  caves ;  and  to  the  type  genus  may  also  be 
referred  a  large  number  of  species  from  the  Lower  Miocene  and 
Upper  Eocene  of  Europe,  which  by  some  writers  are  referred  to 
distinct  genera  under  the  names  of  Peraiheriwn  and  Amphipera- 
therium.  Spalacodon,  of  the  Eocene  of  Hordwell,  is  probably  a 
Didelphys.    It  was  in  Didelphys  Cuvieri,  of  the  Pans  gypsum,  that 


Fig.  iisx.—Didelikys  (?)  fugax ;  from  the  White-river  Miocene  of  Colorado.  Twice  natural 
size,  a,  i,  Inferior  and  lateral  views  of  skull;  c,  d,  Superior  and  lateral  views  of  right  man- 
dibular ramus.    (After  Cope.) 

Cuvier  demonstrated  the  existence  of  marsupial  bones  by  a  careful 
clearing  of  the  matrix.  Other  extinct  forms  from  the  Miocene  of 
North  America  (fig.  11 51)  may  in  all  probability  be  referred  to  the 
same  genus. 

Suborder  2.  Diprotodontia. — If  we  exclude  the  Multituber- 
culata,  which  have  been  already  mentioned,  this  suborder  will  be 
confined  to  the  AustraHan  region,  where  it  has  been  known  since 
the  Pleistocene ;  and  with  this  limitation  it  may  probably  be  re- 
garded as  an  offset  from  the  more  generalised  Polyprotodontia.  In 
all  cases  there  is  only  a  single  pair  of  lower  incisors,  but  in  the  upper 
jaws  there  are  usually  three  pairs  of  such  teeth,  although  they  are 
reduced  to  one  in  the  Wombats. 


The  lower  incisors,  and  the  first, 
or  innermost,  pair  of  upper  in- 
cisors are  always  of  large  size  and 
adapted  for  cutting.  The  canines 
are  frequently  absent,  and  when 
present  are  of  relatively  small  size. 
The  crowns  of  the  true  molars 
are  either  tuberculate  or  have 


transverse  ridges ;  and  as  a  general 
rule  there  are  not  more  than  two 

premolars.  Very  frequently  the  last  premolar  has  a  long  and  narrow 
crown,  with  a  concave  superior  border  adapted  solely  for  cutting. 
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Family  PHASC0L0MYiD^.-This  family  is  now  represented  only 
by  the  genus  Fhascolomys,  or  Wombats  ;  in  which  the  dental  formula 

7-  ^   ^  o  I  4 

IS  /.  -,  C.     Fm.  ~,M.~,  and  all  the  teeth  grow  from  persistent 

pulps.  The  true  molars  have  curved  crowns  consisting  of  two  sub- 
equal  lobes,  while  the  premolar  has  only  a  single  lobe,  and  is  not 
preceded  by  a  milk-tooth.  The  mandible  (figs.  1152,  is 
characterised  by  having  a  pit  and  perforation  in  the  masseteric 
tossa.  The  fore  and  hind  limbs  are  of  equal  length,  the  former 
bemg  of  great  strength  in  accordance  with  the  fossorial  habits  of 
the  genus ;  and  the  humerus  has  a  foramen.  There  are  five  digits 
m  the  manus,  all  of  which  are  provided  with  long  curved  claws,  and 
are  of  subequal  size ;  but  in  the  pes  the  hallux  is  imperfect,  and 
the  three  middle  digits  are  of  nearly  equal  size,  and  partly  enclosed 
in  a  common  integument.    Three  existing  species  of  Wombat  are 

into  two  groups  according  to  the  char- 


known,  which  are  divided 


Fig.  1153.— Left  lateral  view  of  skull  of  Wombat  {Pfiascolomys  latifrons).  Reduced. 

Australia. 

acters  of  the  skull  and  teeth  ;  none  of  them  being  of  large  size.  In 
the  Pleistocene  of  Australia  we  meet  with  remains  not  only  of  these 
existing  species,  but  also  with  several  extinct  types,  one  of  which 
was  of  considerably  larger  dimensions.  In  the  same  deposits  are 
also  found  remains  of  the  extinct  genus  Phascolonus  (with  which 
the  so-called  Sceparnodon  appears  to  be  identical),  characterised  by 
certain  peculiarities  in  the  incisors.  The  one  known  species  prob- 
ably attained  the  dimensions  of  a  Tapir,  although  of  considerably 
stouter  build. 

Family  NoxoTHERiiDiE. — This  family  is  represented  only  by  a 
single  definitely  known  genus  from  the  Australian  Pleistocene  de- 
scribed as  Nototheriuvi?-   This  includes  one  (or  possibly  more)  large 

^  It  has  recently  been  suggested  that  the  figured  skull  does  not  belong  to  Noto- 
therium,  and  that  it  should  be  termed  Zygomaturus ;  but  this  view  is  not  sup- 
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.necies  and  appears  to  have  been  allied  in  many  respects  to  the 
iCtets,  dthough  presenting  several  of  the  dental  characters  of  the 


3       *^  zj 
The  dental  formula  is  /.  ^,  C.  -,  Pm. 


M. 


and 


next  family,     me  aemai  luiiuuxc         ^,  —  ^,          ^.  ^ 

it  appears  that,  at  least  normally,  there  was  no  deciduous  milk- 
molar     The  cheek-teeth  are  rooted.;  the  crowns  of  the  true  molar 
carrying  two  simple  transverse  ridges.     The  cranmm  (fig.  1154) 
presents  a  very  singular  contour,  the  nasals  being  transversely  ex- 
panded •  and  the  mandible  differs  from  that  of  the  Fkascolomytda 


Fig  1154.— Left  lateral  view  of  the  skull  oi  Nototherium  Mitchelli  :  from  the  Pleistocene 
of  Australia.    One-sixth  natural  size.    (After  Owen.) 

by  the  absence  of  a  pit  or  perforation  in  the  masseteric  fossa  (fig. 
1 1 54).  The  limb-bones  appear,  however,  to  have  resembled  those 
of  the  latter  family;  the  humerus  having  a  distal  foramen,  and 
being  evidently  adapted  for  fossorial  habits,  although  it  is  diflficult 
to  believe  that  an  animal  of  such  comparatively  large  bulk  could 
have  lived  in  burrows. 

Family  Diprotodontid^. — The  genus  Biprotodon,  of  the  Aus- 
tralian Pleistocene,  is  the  sole  representative  of  this  extinct  family, 
and  the  type  species  (fig.  1155)  is  the  largest  known  member  of 
the  order ;  its  bulk  being  fully  equal  to  that  of  a  large  Rhinoceros. 
The  dental  formula  is  the  same  as  that  of  Noiotheriwn ;  and  the 
structure  of  the  cheek-teeth  of  the  two  genera  is  also  very  similar, 
although  the  lower  true  molars  of  Diprotodon  have  no  median 
longitudinal  bridge.    In  the  incisors  of  this  genus  the  first  pair  are 

potted  by  sufficient  evidence.  A  small  Nototheroid  from  Queensland  has  re- 
ceived the  preoccupied  name  Owenia, 
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scalpriform  and  grow  from  persistent  pulps.    The  fore  and  hfnH 

cove  W  o?  th.  r'"'        "°  ^^'■''^"^''^^  P^°bable  that  the 

n?7nH  ??     ,  u    ^?^'  approximated  to  the  nature  of  hoofs  The 

St' '     Tr°"r       -'••^^  that  of  i?: 

thertum.    Professor  Huxley  has  named  a  second  species  on  the 


Fi.  ""•-^^'^'-^^^^-[^^esjcun.^r^^  .0.  the  Pleistocene 

evidence  of  premolars,  but  it  is  not  certain  that  this  determination 
IS  correct. 

Family  Phalangerid^.  —  This  family  includes  the  existing 
Phalangers  and  the  Koala  (Fhascolarctus),  as  well  as  a  remarkable 

extinct  genus.  All  these  animals  have  /.  ^,  and  an  upper  and  fre- 
quently also  a  minute  lower  canine ;  while  the  premolars  may  vary 
from  -  to      and  the  true  molars  from  -  to  -.     The  structure  of 

the  cheek-teeth  is  subject  to  great  variation  in  the  different  genera ; 
the  fourth  premolar  being  either  secant  or  tubercular.  There  is  no 
pit  or  perforation  in  the  masseteric  fossae  of  the  mandible.  The 
limbs  are  of  nearly  equal  length  ;  the  manus  has  five  subequal  digits, 
but  the  second  and  third  digits  of  the  pes  are  very  slender  and 
partially  united  by  integument ;  and  the  hallux  is  always  opposable. 
In  many  of  the  true  Phalangers  the  fourth  premolar  is  grooved,  and 
the  dentition  closely  resembles  that  of  the  existing  genus  Hypi- 
pryninodon  among  the  Macropodidce.    Of  living  genera  the  only  one 
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known  to  occur  in  a  fossil  state  is  Pseudochirus,  of  which  the  remains 
of  °n  existing  species  are  found  in  the  Pleistocene  cave-deposits  of 
New  South  Wales.  The  most  interesting  member  of  the  family  is, 
however,  the  large  Pleistocene  Thylacoleo  (fig.  11 56),  which  forms 
the  type  of  a  distinct  subfamily.    The  dentition  may  be  represented 

by  the  formula  /.  \  C.  ^,  Fm.  |  M.  \.     The  true  molars  and 

earlier  premolars  were  small,  and  more  or  less  functionless,  while 
the  fourth  premolar  is  enormously  developed,  and  has  a  long  sharp 
cutting-edge,  so  that,  in  union  with  its  fellow  of  the  opposing  jaw. 


Fig.  1136.— Right  lateral  view  of  the  skull  of  Thylacoleo  camifex , 
of  Australia.    One-fifth  natural  size. 


from  the  Pleistocene 


it  forms  a  cutting  instrument  of  extraordinary  power.  In  originally 
describing  this  remarkable  animal  from  fragments  of  jaws  containing 
the  fourth  premolar.  Sir  Richard  Owen  came  to  the  conclusion  that 
the  structure  of  this  tooth  indicated  a  carnivorous  animal  adapted 
to  prey  upon  the  huge  Diprotodons  and  Nototheres ;  but  the  dis- 
covery of  the  complete  skull  has  shown  that  the  animal  was  more 
closely  allied  to  the  existing  Phalangers,  and  that  it  could  not  have 
possessed  the  destructive  habits  attributed  to  it  by  its  describer, 
although  it  is  quite  probable  that  its  diet  may  have  included  the 
smaller  mammals,  birds,  and  eggs.  It  was  at  one  time  considered 
that  the  Multituberculata  were  allied  to  this  genus. 

Family  Macropodid^. — The  last,  and  in  many  respects  the 
most  specialised  family  of  the  Diprotodontia  includes  the  Kan- 
garoos, Wallabies,  and  Kangaroo-rats.    The  dentition  is  represented 

by  the  formula  /.  ^,  C.  Pm.  -,  M.         The  incisors  are 

'  I  o  2'  4 

extremely  secant,  those  of  the  mandible  being  frequently  movable 

against  one  another.    The  premolars  may  have  either  triangular  or 

cutting  crowns,  and  in  the  latter  case  (fig.  1158)  are  frequently 

grooved  ;  the  third  premolar  is  always,  and  the  fourth  in  some  cases, 
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deciduous,  the  latter  being  invariably  preceded  by  a  milk-tooth  The 
true  molars  have  either  four  tubercles  or  two  transverse  ridges  and 
frequently  an  anterior  talon.    The  mandible  has  a  deep  pit  and  per 
foration  m  the  masseteric  fossa.    The  pectoral  limb  is  always  more 
or  less  markedly  shorter  than  the  pelvic.    The  manus  is  provided 
with  five  subequal  digits;  but  in  the  pes  (fig.  1157)  the  hallux  is 
generally  absent,  the  second  and  third  digits  being 
very  minute  and  enclosed  in  a  common  integument 
{syndactyious),  while  the  fourth  is  greatly  enlarged,  and 
forms  the  main  base  of  support.    The  majority  of 
forms  progress  by  making  enormous  leaps  by  means 
of  their  powerful  hind-limbs ;  but  a  few,  like  Dendro- 
lagus  of  New  Guinea,  are  arboreal.    This  family  may 
be  divided  into  three  subfamilies.    In  the  first,  or 
HypsiprymnodontincE,  there  is  a  distinct  hallux,  and 
the  dentition  closely  resembles  that  of  the  Phalan- 
geridce ;  the  fourth  premolar  being  small,  obliquely 
grooved,  and  directed  inwardly  at  its  anterior  border. 
In  the  small  existing  Bypsiprymnodon  there  is  no  tooth 
between  the  lower  incisor  and  the  fourth  premolar; 
but  in  a  large  extinct  form  from  the  Pleistocene  of 
New  South  Wales,  described  under  the  name  of  Tri- 
clis,  there  is  a  minute  tooth  behind  the  lower  incisor 
corresponding  to  the  tooth  in  the  Phalangerida  com- 
monly reckoned  as  the  representative  of  the  canine. 
This  genus,  therefore,  forms  an  important  link  between 
the  last-named  and  the  present  family.    In  the  second 
subfamily,  or  Fotorotnce,  the  hallux  is  absent  ;  the 
first  upper  incisor  is  narrower  and  longer  than  either  of 
the  others  (fig.  1158);  there  is  always  an  upper  can- 
ine ;  the  fourth  upper  premolar  is  elongated  and  secant,  and  usually 
with  the  grooves  strongly  marked  ;  while  the  true  molars  are  tuber- 
culate,  with  the  fourth  smaller  than  the  third.    The  Kangaroo-rats 
are  divided  into  the  genera  Potorous  {Hypsiprymmis),  Bettongia^ 
and  ^pyprymnus ;  the  latter  being  represented  in  the  Pleistocene 
of  New  South  Wales  by  remains  of  the  existing  species. 

The  third  subfamily,  or  Macropina,  is  distinguished  from  the  last 
by  the  following  characters  :  The  cutting-edges  of  the  upper  incisors 
form  nearly  a  straight  line  (fig.  11 59);  the  upper  canine  is  usually 
either  absent  or  very  small ;  and  the  fourth  premolar,  which  may  be 
shorter  or  longer  than  the  first  true  molar,  has  either  an  inner  basal 
ridge  or  lobe.  In  the  existing  genus  Macropus  (Kangaroos)  the 
fourth  upper  premolar  has  a  sharp  cutting  outer  edge,  and  an  inner 
ridge  or  tubercle ;  and  this  tooth  in  both  jaws  may  be  either  longer 
or  shorter  than  the  first  true  molar.    The  two  rami  of  the  mandible 


IV, 

Fig.  1 157.  — 
Dorsal  aspect  of 
the  right  pes  of 
Macropus  Ben- 
netti.  Reduced. 
(After  Flower.) 
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are  not  anchylosed  together,  and  the  hind-Hmbs  are  much  longer 
than  the  front  ones.  A  large  number  of  fossil  species  occur  m  the 
Australian  Pleistocene,  among  which  may  be  mentioned  several 
very  large  forms  like  M.  brehus,  which  have  the  fourth  premolar 
longer  than  the  first  true  molar,  and  are  allied  to  the  small  existing 
^V'allaby,  M.  iialabatus  (which  also  occurs  in  the  Pleistocene). 


Fig.  1158.— Dentition  o[ Potorous.   i,  Incisors;  c,  Canine;  pii,  Premolar;  in.  Molars. 

Then,  again,  we  have  in  the  same  deposits  remains  of  the  existing 
Rock-Kangaroo,  M.  {Fetrogale)  penicillatus,  and  also  of  the  larger 
M.  robustus,  and  some  allied  extinct  forms.  Another  group,  in 
which  the  fourth  premolar  is  very  small  and  soon  falls  out,  is  repre- 
sented by  the  existing  M.  giganteus,  and  the  larger  extinct  M.  titan 
and  M.  ferragus.  Sthenurus  is  an  entirely  extinct  genus  character- 
ised by  the  presence  of  a  distinct  inner  lobe  to  the  fourth  upper 
premolar,  and  is  represented  by  a  single  species  of  considerable 
size.    In  Frocoptodon,  again,  which  is  likewise  extinct,  the  fourth 


Fig.  1159. — Macropus  Bennctti.    Lateral  view  of  skull ;  from  Australia.  Reduced. 

upper  premolar  is  like  that  of  Sthenurus,  but  the  rami  of  the  man- 
dible become  anchylosed  together  in  the  adult ;  more  than  one 
species  are  known.  Finally,  the  extinct  Falorchestes,  comprising 
the  largest  known  member  of  the  family,  is  distinguished  from  the 
last-named  genus  by  the  longer  mandibular  symphysis,  and  the 
absence  of  an  anterior  talon  in  the  upper  true  molars.  The  length 
VOL.  n.  2  c 


^-^^  CLASS  MAMMALIA. 

of  the  skull  of  the  one  known  species  is  estimated  at  as  much  as 
sixteen  inches. 

Of  Uncertain  Ordinal  Fosiiion.~ntrt  may  be  conveniently  noticed 
some  minute  Mammals,  mostly  known  by  teeth  or  fragments  of 
jaws,  from  the  Lowest  Eocene  of  Rheims,  of  which  it  is  difficult  to 
say  whether  they  are  Marsupial  or  Placental,  although  it  is  highly 
probable  that  some  of  them  belong  to  the  former  division.  Among 
these  may  be  mentioned  Tricuspodon,  with  teeth  resembling  those 
ot  Spalacothertum ;  the  allied  Orthaspidotherium  and  Pleuraspido- 
therium  ;  and  Procyiiictis,  in  which  the  true  molars  approximate  to 
those  of  Amblotheriuvi. 
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CLASS  MAMMALIA— continued. 

Orders  Edentata,  Cetacea,  and  Sirenia. 

Subclass  II.  Eutheria. — The  whole  of  the  remaining  orders  of 
MammaHa  are  grouped  together  in  a  single  subclass,^  which  is 
characterised  by  the  foetus  being  nourished  ht  utero  by  means  of  the 
maternal  blood  passing  through  an  allantoic  placenta.  This  sub- 
class is  sometimes  termed  the  Placentalia,  but  more  generally  the 
Eutheria.  Throughout  this  subclass  the  urinogenital  organs  are 
provided  with  an  external  aperture  quite  distinct  from  that  of  the 
alimentary  tube  ;  the  corpus  callosum  of  the  brain  is  well  developed  ; 
there  is  never  any  marked  inflection  of  the  angle  of  the  mandible  3 
and  distinct  epipubic  bones  are  absent  in  the  pelvis.  With  the  ex- 
ception of  the  three  orders  forming  the  subject  of  the  present  chap- 
ter, the  dental  formula  can  always  be  reduced  to  some  modification 
of  that  given  on  page  1249.  At  the  present  day  the  various  orders 
have  become  so  well  differentiated  as  to  render  their  definition  com- 
paratively easy ;  but  fossil  forms  indicate  such  a  close  connection 
between  the  majority  of  them,  that  such  definition  becomes  fre- 
quently a  matter  of  extreme  difficulty,  if  not  an  absolute  impossi- 
bility ;  and  it  is  to  be  remembered  that  it  is  entirely  due  to  our  non- 
acquaintance  with  forms  which  must  have  once  existed  that  renders 
even  these  imperfect  definitions  practicable. 

There  is  at  present  no  conclusive  evidence  of  the  existence  of  any 
member  of  this  subclass  previous  to  the  Eocene. 

Order  III.  Edentata. — The  Edentata  are  widely  different  from 
all  other  existing  Mammals,  although  there  are  indications  of  affinity 
to  certain  extinct  forms  mentioned  in  the  sequel  under  the  heading 
of  the  Tillodontia.  Almost  the  only  common  character  presented 
by  the  various  existing  members  of  this  order  is  that  the  teeth,  when 

^  It  has,  indeed,  been  proposed  to  form  a  separate  subclass — Paratlieria — for 
the  reception  of  the  Edentates. 
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present,  are  devoid  of  enamel,  are  never  developed  at  the  extremi- 
ties of  the  jaws  in  the  situation  of  the  incisors  of  other  Mammals, 
and  are  always  homoeodont  and  grow  from  persistent  pulps  ;  while^ 
with  the  exception  of  one  genus  of  the  Dasypodidce,  they  are  like- 
wise monophyodont.  It  has,  however,  been  recently  observed  by 
Dr  Ameghino  that  enamel  was  present  in  the  teeth  of  certain  South 
American  fossil  forms ;  while  in  the  genus  Diadoinus,  from  those 
deposits,  a  pair  of  canine-like  teeth  occur  in  the  symphysis  of  the 
mandible.  In  many  of  the  genera  the  teeth  are  simply  cylindrical, 
but  they  may  be  transversely  ridged,  and  occasionally  they  have  a  very 
complex  internal  structure.  Not  unfrequently  the  maxillary  bone 
sends  down  a  large  descending  process  in  the  zygomatic  arch  (fig. 
1 163  bis);  and  certain  members  of  the  order  are  remarkable  as  being 
the  only  known  Mammals  which  develop  a  bony  exoskeleton.  The 
cervical  vertebra  are  short  and  wide,  with  nearly  flat  terminal  faces 
to  their  centra. 

The  distribution  of  the  Edentates  is  very  restricted.  In  Europe 
neither  at  the  present  day  nor  in  past  times  is  there  any  known  re- 
presentative of  the  order;  the  so-called  Macrotherium  being  now 
known  to  be  identical  with  the  Ungulate  genus  Chalicothermm,  while 
A7icylotherium  is  also  allied  to  the  latter.  In  tropical  Asia  we  find 
the  Pangolins  or  MatiidcB  ;  and  in  Africa  the  Orycteropodida.  South 
America  is,  however,  the  headquarters  of  the  order,  which  is  there 
represented  at  the  present  day  by  the  Anteaters,  the  Sloths,  and  the 
Armadillos,  and  in  past  epochs  by  the  huge  Ground-Sloths  and  the 
Glyptodonts.  The  gigantic  size  of  these  fossil  forms  as  compared 
with  their  existing  allies  of  the  same  area  is  paralleled  by  the  in- 
stance of  the  fossil  Diprotodont  Marsupials  of  Australia. 

It  is  evident  that  the  Edentates  are  widely  separated  from  all 
other  existing  Eutherians ;  and  Professor  W.  K.  Parker,  in  view  of 
the  tendency  to  a  variation  in  the  number  of  cervical  vertebrae  and 
other  features,  has  suggested  a  separate  origin  from  a  Prototherian 
stock.  Professor  Cope,  however,  looks  upon  the  order  as  allied  to 
the  Tillodonts,  and  the  occurrence  of  enamel  in  the  teeth  of  some 
fossil  forms  may  support  this  view. 

Family  OrycteropodidjE.  —  The  Ant-Bears  {Orycteropus)  of 
Africa  are  characterised  by  the  body  being  covered  merely  with  a 
few  hairs ;  and  by  the  numerous  teeth,  which  are  of  a  remarkably 
complex  structure,  owing  to  the  presence  of  a  number  of  vertical 
pulp-canals.  In  the  fore-limb  the  pollex  is  absent,  but  the  hind- 
limb  has  five  digits.  The  femur  has  a  third  trochanter,  and  the 
terminal  digits  are  provided  with  moderate-sized  claws,  suitable  for 
digging  the  burrows  in  which  these  creatures  dwell.  At  the  present 
day  Orycteropus  is  mainly  characteristic  of  the  Ethiopian  region, 
although  one  of  the  two  species  ranges  into  Egypt.    Till  very  re- 
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cently  nothing  was  known  of  the  palfeontological  history  of  the 
family  but  Dr  Forsyth-Major  has  recorded  a  species  from  the  Lower 
Pliocene  of  the  isle  of  Samos,  in  the  Turkish  Archipelago,  distin- 
guished from  the  existing  species  by  the  larger  size  of  the  lateral 


Fig.  1160.— Lateral  view  of  the  skull  of  Orycteropus  capetisis.    Africa.  Reduced. 

metatarsals.  The  occurrence  of  this  species  seems  to  point  to  the 
conclusion  that  Asia  was  the  original  home  of  the  family. 

Family  Manid^. — The  Pangolins  {Manis)  of  India  and  Africa 
are  distinguished  from  all  other  Mammals  by  the  body  being  covered 
superiorly  with  a  coat  of  imbricated,  horny,  epidermal  scales. 
Teeth  are  absent ;  the  limbs  are  short  and  furnished  with  five  digits, 
of  which  the  terminal  claws  are  long,  curved,  and  bifid  at  the  extre- 
mities. The  humerus  has  an  entepicondylar  foramen,  but  there  is 
no  third  femoral  trochanter,  and  clavicles  are  wanting.  The  large 
Manis  gigantea  of  Western  Africa  is  found  in  a  fossil  state  in  the 
Pleistocene  cave-deposits  of  Southern  India ;  while  in  the  Lower 
Pliocene  of  the  isle  of  Samos  we  have  a  species  three  times  the  size 
of  the  latter,  which  has  been  made  the  type  of  the  genus  Palceomanis. 
A  phalangeal  from  the  Indian  Siwaliks  described  as  Ma?i{s  appears 
to  belong  to  Chalicotherium. 

Family  Dasypodid^e. — The  Armadillos  (fig.  1161)  of  South 
America  are  characterised  by  the  presence  of  a  bony  dorsal  carapace, 
composed  of  a  series  of  dermal  scutes,  of  which  a  certain  number 
are  always  arranged  in  movable  bands,  while  the  others  may  be 
articulated  together  into  solid  scapular  and  pelvic  bucklers,  as  in  fig. 
1 161.  The  frontal  region  of  the  skull  also  has  a  buckler ;  while 
the  tail  is  defended  by  .rings  or  tubercles  of  bone.  In  the  existing 
genera  the  teeth  are  simply  conical ;  and  in  Tatusia  all  except  the 
last  have  milk  predecessors.  Many  of  the  cervical  vertebrae  are 
anchylosed  together and  the  stout  humerus  has  an  entepicondylar 
foramen,  and  the  femur  a  third  trochanter.  The  fore-feet  are  pro- 
vided with  very  strong  curved  claws ;  and,  like  the  Ma?iidce,  the 
existing  forms  are  of  burrowing  habits.  The  Pleistocene  cave- 
deposits  of  Brazil  yield  remains  of  some  existing  and  some  extinct 
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species  of  the  gtner^  Dasyfius,  Tatusia,  Tolypeutes  {^g.  1161)  and 

^twTt      I  of  Argentina  we  meet^vith  /la^e 

extinct  type  known  as  Eutatus,  which  is  characterised  by  the  who^e 
of  the  carapace  consisting  of  movable  bands,  which  are  thirty-three 

much  H    •   7''  °'       ^^"^^  have  also  yielded  a 

much  larger  form  known  as  Dasypotherium,  which  appears  to  con- 
nect the  Inang  forms  with  the  next  genus.  There  were  eight  lower 
teeth,  of  which  the  second  appears  to  have  been  enlarged  as  in 
some  species  of  Mylodon.    The  most  remarkable  genus  is,  however 


Fig.  ii6i.— The  three-banded  Armadillo  {Tolyfieuies  conurus).    South  America. 
One-third  natural  size.    (After  Murie.) 

Chlamydotheriian,  of  the  South  American  Pleistocene,  in  which  the 
teeth  approximate  in  structure  to  those  of  the  next  family.  The 
carapace  has  several  movable  bands ;  and  the  largest  species  is  con- 
sidered to  have  equalled  the  bulk  of  a  Rhinoceros.  The  existing 
Armadillos  are  therefore  dwarfs  by  the  side  of  these  huge  allies  of 
an  earlier  epoch. 

Family  Glyptodontid^. — In  this  extinct  American  family  the 
body  was  covered  by  a  carapace  as  in  the  Armadillos;  but  this 
carapace  (fig.  1162)  has  no  movable  bands,  so  that  the  animal 
could  not  roll  itself  up ;  and  since  the  fore-feet  have  short  thick 
toes,  it  is  evident  that  the  habits  of  this  group  were  not  fossorial. 
The  carapace  usually  has  its  component  scutes  united  by  suture, 
but  in  one  genus  they  were  separate ;  the  scutes  are,  moreover, 
usually  ornamented  with  a  sculpture,  which  varies  in  the  different 
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genera  and  species ;  but  they  may  be  either  plain  or  tuberculated. 
There  is  usually  a  ventral  buckler  (never  found  in  the  Armadillos), 


Fig.  ..(^^.-Glyptodon  clavipes;  Pleistocene,  South  America.    Reduced  S^^^'i'V-  J.^^'f ' 
inco^ectly  restored,  and  it  is  probable  that  the  figured  portion  belongs  to  Hoplofihorus. 

and   the   tail   is   enclosed  in  a  complete  bony  sheath.  The 

teeth  are  -  in  number,  and  have  two  deep  grooves  on  either  side 
8 

dividing  them  into  three  nearly 
distinct  lobes  (fig.  1163);  the 
generic  name  being  derived  from 
this  grooving  or  fluting.  The 
facial  part  of  the  cranium  is  char- 
acterised bv  its  extreme  shortness  Fig.  nes.-Grinding  surface  of  two  teeth  of 
ai.,iciiscu  uy  lua  ^  GlyptodoH  reticulatus  :  from  the  Pleistocene  of 

(fig.  1162,  bis);  and  there  is  a    south  America, 
long  descending  maxillary  pro- 
cess in  the  zygomatic  arch.    Nearly  the  whole  of  the  vertebral 
column  is  anchylosed  into  a  long  tube,  but  there  is  a  complex 
joint  at  the  base  of  the  neck.  This 
family  is   mainly  characteristic  of 
South    America;    but   species  of 
Glyptodon  ranged  as  far  as  Mexico 
and   Texas   into   North  America. 
Great  confusion  has  arisen  in  re- 
spect to  the  classification  of  the 
Glyptodonts,  owing    to    the  diffi- 
culty of  referring  isolated  caudal 
sheaths  to  their  proper  carapaces. 
The  forms  with  a  solid  carapace 
may,  however,  be  arranged  as  fol- 
lows.    In  Hoplophoriis  the  scutes 
of  the  carapace  are  sculptured,  and 
often  comparatively  thin,  the  peripheral  series  being  flat ;  while  the 
caudal  sheath  has  several  movable  rings,  and  terminates  in  a  long 


Fig.  wbibis. — Left  lateral  view  of  the 
skull  of  Glyptodon ;  from  the  Pleistocene 
of  South  America.  One-tenth  natural 
size.    (After  Burmeister). 
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subcyhndncal  tube  (fig.  1164),  ornamented  with  a  number  of  lar^e 
disks,  surrounded  by  a  series  of  much  smaller  ones.    It  i  con 
idered  probable  that  the  caudal  tube  represented  in  fiV  116. 

and  Xr^       f         '^^f  ^""^'^"^  entepicondylar  foramen 

frof.  i     T  ^°  ^'^^h  foot.    An  allied  form 

from  the  infra-Pampean  of  Patagonia,  has  received  the  name  of 
J^a/ce/zo/Zo^/iorus;  while  the  terminal  tube  of  a  caudal  sheath  from 
Uruguay  has  been  made  the  type  of  the  genus  £/eu^/,erocercus 
Ihe  latter  specmien  is  characterised  by  its  loose  attachment  to  the 
enclosed  vertebr^,  and  by  the  great  number  of  perforations  for 
bristles,  so  that  the  tail  of  the  living  animal  must  have  resembled 
a  huge  bottle-brush.    The  genus  Pmiochthus  is  characterised  by  the 


Fig.  ii64.-The  Incomplete  terminal  tube  of  the  caudal  sheath  o{  HoMopliorm  ;  from  the 
Pleistocene  of  South  America.    One-third  natural  size. 


excessive  thickness  of  its  carapace,  the  scutes  of  which  are  tubercu- 
lated,  and  by  a  caudal  sheath  composed  proximally  of  several 
movable  rings,  but  terminating  in  a  long  compressed  tube  orna- 
mented with  tubercles,  of  which  some  were  of  very  large  dimensions, 
and  marked  with  a  radiate  sculpture.    In  Euryuries  the  caudal 
sheath  is  of  somewhat  similar  type,  but  the  scutes  of  the  carapace 
are  simply  rugose.    Dcediairus,  again,  also  has  the  scutes  of  the 
carapace  rugose,  but  the  terminal  tube  of  the  caudal  sheath  is 
enlarged  into  a  flattened  club-like  expansion,  covered  with  coarse 
tubercles,  interspersed  with  a  few  larger  rough  disks  having  a  radiate 
sculpture;  these  disks  having  probably  been  surmounted,  as  in 
Fa?iochthus,  with  horny  epidermal  spines.    The  type  species  at- 
tained a  length  of  about  12  feet.    Finally,  in  Glyptodon  (fig.  1162), 
with  which  Schistopleiirum  is  probably  identical,  the  scutes  of  the 
carapace  had  a  rosette-like  sculpture,  the  peripheral  ones  being 
raised  into  conical  prominences,  and  the  caudal  sheath,  at  least 
in  several  species,  was  entirely  composed  of  a  series  of  movable 
rings,  ornamented  with  large  conical  tubercles.    The  humerus  was 
devoid  of  an  entepicondylar  foramen ;  and  while  there  were  five 
complete  digits  in  the  manus,  those  of  the  pes  were  reduced  to  four. 
Thoracophorus  differs  from  all  the  foregoing  in  having  the  scutes  of 
the  carapace  separated  from  one  another,  and  thereby  approximates 
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to  some  of  the  Megatheriidce,  in  which  there  were  a  number  of  small 
ossicles  embedded  in  the  dermis  of  the  dorsal  region.  A  similar  con- 
dition prevails  in  Carioderma,  of  the  Loup-Fork  beds  of  Texas. 

F\MiLY  Myrmecophagid^.— This  family  comprises  the  true 
Ant-eaters  of  South  America,  represented  by  the  genera  Myrmeco- 
phi^a,  Tamandua,  and  Cycloturus ;  but  appears  to  be  unknown  m  a 
fosstl  state.  The  jaws  are  entirely  destitute  of  teeth ;  the  body  is 
clothed  with  hair ;  the  tail  is  long ;  there  are  either  four  or  five  digits 
in  the  pes  ;  and  the  third  digit  of  the  manus  is  the  longest. 

Family  Megatheriid^. — The  members  of  this  family  are  en- 
tirely extinct,  and  are  confined  to  the  New  World.  They  comprise 
a  number  of  very  large  forms  adapted  solely  for  walking  on  the 
ground,  and  showing  in  their  skeletal  organisation  characters  inter- 
mediate between  the  preceding  and  the  following  families.  Thus, 
while  their  vertebrae  and  limbs  are  constructed  like  those  of  the 
Myrmecophagida,  their  crania  and  dentition  resemble  those  of  the 


Fig.  xx6$.—Megatkerimn  americanum ;  from  the  Pleistocene  of  South  .America. 

Much  reduced. 


BradypodidcE.  One  species  of  the  genus  Scelidotherium  approxi- 
mates, however,  in  cranial  characters  to  the  former  family ;  and  it 
is  probable  that  the  whole  three  families  have  originated  from  a 

single  stock.    The  number  of  the  teeth  is  usually  - :  and  the  first 

,  4 
and  second  teeth  may  be  either  in  apposition  or  separated  by  an 
mterval.  The  femur  has  no  third  trochanter ;  and  the  under  sur- 
face of  the  odontoid  process  of  the  axis  vertebra  presents  a  peculiar 
flattened  surface  for  articulation  with  the  atlas.  The  type  genus 
Megatherium  1  is  found  in  the  Pleistocene  of  both  South  and  North 

^  This  name  should  properly  be  Megalotheriiim,  but  its  antiquity  renders  it 
somewhat  sacred. 
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America  ;  the  typical  M.  aviericanum        1 160  of  the  fnrm.  • 

.n.e,ca,a.ed  between  softer  dentine  and       en'.'  '  .L^^^li,  X 


Fig.  ii66.-^/.^«//,,„v„„  «„,,„v«««,«.^        surface  of  the  mandible  ;  from  the 
i'leiatocene  of  Buenos  Ayres.  Reduced. 


Structure,  and  are  all  in  contact.    The  feet  are  provided  with  power- 

fnd'the^"  '^'"J  ^^^h         ^-"g  the  long  St  ; 

and  the  humerus  has  no  foramen.  ^  ' 

flPvlh?f  a^-e  indications  that  the  snout  was  prolonged,  and  more  or  less 
flexible  ;  and  the  tongue  was  probably  prehensile.  From  the  chaiac  ers 
t  ts\Tbt/-' anJ  '/  "    H  ^^^^^\-..r.  was  pu^i?Lrbiv"?u 

Suallv  cert;;irth/r>  ^^J""™?"'  s,ze  and  weight  of  the  body  it  is 
■        ?   M  It  could  not  have  imitated  its  modern  aUies  the 
k  °f  chmbing,  back  downwards,  amongst  the  trees'  \i 

1.  n''  that  It  sought  its  sustenance  upon  the  ground,  and 

See  of  deiLr''"''^  *°  l^^-.l'^^^d  upon  roo^s  ;  but  by  a  masterly 
piece  of  deductive  reasoning,  Sir  R.  Owen  showed  that  this  great 

but  wifht*.^-;'^  "P°"i  °f  like  the  existing  Sloths- 

but  with  this  difference,  that  instead  of  climbing  amongst  the  branches 

unon  if      "PT^^^       '''I  ^"  the  animal  3 

,n^cr  tl.  .  T  ^.^r^'''^'  ^""1  ^"'^I'^y  t^il'  °^  a  tripod,  and  then  grasp- 
mg  the  tmnk  with  its  powerful  arms,  either  wrenched  it  up  by  the  roots 
or  broke  It  short  off  above  the  ground.  Marvellous  as  this  may  seem,  it 
can  be  shown  that  every  detail  in  the  skeleton  of  the  Megathere  accords 
with  the  supposition  that  it  obtained  its  food  in  this  way. 

A  smaller  but  allied  form  from  the  Pleistocene  of  South  America 
has  been  named  Oraca7ithus,  but  since  this  term  is  preoccupied  by 
a  genus  of  Palaeozoic  Fishes,  it  should  be  changed.  The  genus 
Scelidotherium  (fig.  1167),  which  may  be  taken  to  include  Platy- 
onyx,  and  likewise  occurs  in  the  South  American  Pleistocene,  com- 
prises a  number  of  species,  and  has  characters  in  some  respects 
intermediate  between  the  preceding  and  the  following  genera.  The 
teeth  in  the  upper  jaw  have  an  irregularly  oval  section,  while  those 
of  the  mandible  are  usually  subtriangular ;  the  whole  of  the  series 
are  in  contact,  and  their  crowns  do  not  wear  into  ridges.  The 
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^^P^^-'-^lly      the  type  species 
length  of  the  nasals  is  subject  to  great  variation  in  the  diJem 


Fig.  ii68.-Frontal  aspect  of  the  cranium  o(  Sce/ZdMe^zum  Uptocephalu,,, ;  from  the 
Pleistocene  of  South  America.    One-sixth  natural  size. 

J^^  f fucture  Of  the  feet  shows  a  marked  deviation  from 
that  of  Megatherium  ;  and  the  humerus  was  usually  provided  with 
a  foramen.  The  figure  of  the  skeleton  is  taken  from  a  specimen 
m  the  museum  at  Bologna.    The  genus  Mylodon  (fig.  1169)  com- 


Fig.  Mylodon  robustus  ;  from  the  Pleistocene  of  South  America.    Much  reduced. 

prises  another  group  of  large  Ground-Sloths,  which  has  been  split 
up  by  some  writers  into  the  genera  Lestodon,  Pseudolesiodon,  Grypo- 
theriutn,  &c.,  according  to  certain  not  very  important  differences  in 
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the  structure  and  mode  of  arrangement  of  the  teeth.  In  the  upper 
jaw  the  teeth  are  usually  subtriangular  or  oval  in  transverse  section, 
and  in  typical  species  there  is  only  a  short  interval  between  the  first 
and  second  tooth  in  each  jaw,  and  the  former  is  worn  horizontally; 
but  in  other  species  there  is  a  considerable  interval  between  the 
two,  and  the  first  is  worn  obliquely,  as  in  certain  Sloths.  The 
humerus  has  no  entepicondylar  foramen ;  and  in  the  shortness  of 
the  skull  and  the  characters  of  the  teeth  this  genus  approaches 
nearer  to  the  modern  Sloths  than  any  other  member  of  the  family. 
The  best  known  species  is  the  South  American  Mylodon  robustus 
(fig.  1 1 69),  which  was  smaller  than  Megatherium  americanum,  its 
length  being  about  1 1  feet ;  but  M.  armatus  (the  type  of  the  so- 
called  Lestodon),  from  the  same  country,  is  considerably  larger.  The 
type  species  is  M.  Harlani,  from  the  Pleistocene  of  "Big-bone 
Lick,"  in  Kentucky,  North  America;  while  the  Patagonian  M. 
Danvini  is  a  very  aberrant  form,  regarded  by  some  writers  as 
generically  distinct,  and  named  Grypotherium.  There  are  numer- 
ous small  dermal  scutes,  which  do  not  articulate  with  one  another. 
Megalonyx,  from  the  Pleistocene  of  North  America,  is  an  allied 
genus,  characterised  by  the  long  interval  between  the  large  first  and 
the  smaller  second  tooth,  and  also  by  the  presence  of  an  entepi- 
condylar foramen  to  the  humerus.  The  type  species  is  M.  Jeffer- 
soni,  from  Kentucky  and  Tennessee  ;  while  M.  cubensis,  from  the 
Pleistocene  of  Cuba,  has  been  separated  by  some  writers  under 
the  name  of  Megalochnus  {Myomorphus).  Another  form  hitherto 
known  as  Ccelodon,  but  which  may  be  named  JVothrotherium,  on 
account  of  the  preoccupation  of  the  former  term,  occurs  in  the  Pleis- 
tocene cave-deposits  of  Brazil,  and  agrees  with  Megalonyx  in  the 
structure  of  its  limbs,  but  has  teeth  of  the  type  of  those  of  Mega- 
therium, although  their  number  is  reduced  to  -  ;  the  type  species 

3 

considerably  exceeded  in  size  the  largest  Ant-eater  of  the  present 
day. 

The  Mammals  from  the  Lower  Pliocene  and  Miocene  of  North 
America  which  have  received  the  names  Moropus  and  Morotherium, 
and  are  regarded  by  Professor  Marsh  as  forming  the  type  of  a 
distinct  family  of  Edentates — the  Moropodida — probably  belong  to 
the  Ungulate  family  Chalicotheriidce. 

Family  Bradypodid^. — This  family  is  entirely  confined  to  South 
America,  and  now  comprises  two  genera  of  comparatively  small 
animals  which  are  of  exclusively  arboreal  habits.    The  body  is 

clothed  with  coarse  hair ;  the  teeth  are  -  in  number  in  each  jaw, 

4 

and  are  of  subcylindrical  form,  with  a  central  axis  of  soft  dentine, 
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surrounded  by  a  coat  of  a  harder  kind  of  the  same  substance.  The 
fore-hmbs  are  enormously  elongated ;  and  both  the  manus  and  pes 
are  furnished  with  long,  curved  claws ;  the  number  of  digits  never 
exceedmg  three  in  each  foot.  The  skull  (fig.  1 1 70)  is  short,  with  a 
descending  maxillary  process  to  the  zygoma ;  and  the  tail  is  rudi- 
mentary. In  Bradypus  (fig.  1 170)  the  first  tooth  is  equal  in  size  to 
the  second,  and  is  worn  horizontally ;  while  the  digits  are  reduced 
to  two.  In  Chol(spus,  however,  the  first  tooth  is  considerably  larger 
than  the  second,  from  which  it  is  separated  by  a  much  longer 
interval  than  in  Bradypus,  and  wears  obliquely;  while  there  are 
three  digits  to  each  foot.    The  only  known  fossil  form  is  from  the 


xz.jo.~^Vw\\  ot  Bradyptis g^tlaris.    Recent.    South  America.  Reduced. 

Pleistocene  of  Argentina,  and  has  been  named  Nothropus  prisms  ; 
it  appears  to  have  been  about  twice  the  bulk  of  Bradypus  didactylus, 
and  has  the  first  lower  tooth  separated  by  a  very  long  interval  from 
the  second,  although  it  is  of  smaller  size  'y  the  cranium,  upper 
dentition,  and  feet  are  unknown. 

Order  IV.  Cetacea. — The  Cetacea  form,  perhaps,  the  most 
readily  defined  and  sharply  differentiated  order  in  the  whole  class. 
Their  contour  is  fish-like,  the  body  being  fusiform,  and  passing  im- 
perceptibly into  the  head  without  any  distinct  external  neck,  and 
posteriorly  gradually  tapering  to  the  extremity  of  the  tail,  which  is 
furnished  with  a  pair  of  horizontally-expanded  "flukes,"  formed  of 
dense  fibrous  tissue  covered  with  skin  (fig.  11 78).  The  head  is 
frequently  very  large,  and  may  be  as  much  as  one-third  the  total 
length  of  the  animal.  The  pectoral  limbs  are  reduced  to  ovoid, 
paddle-like,  organs ;  and  there  are  no  external  traces  of  pelvic  limbs. 
The  skin  is  smooth  and  without  hair;  although  bristles  may  be 
present  in  the  neighbourhood  of  the  mouth,  more  especially  in 
young  individuals.  Frequently  there  is  a  median  dorsal  fin  (fig. 
1 1 78),  which  however  has  no  bony  supports.  Both  the  eye  and  the 
external  auditory  aperture  are  small ;  the  former  having  no  nictitating 
membrane,  and  the  latter  no  pinna.    The  nostrils  open  by  a  single 
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or  double  aperture  usually  near  the  vertex  of  the  skull.  The  bones 
are  usually  of  a  spongy  nature,  and  contain  a  large  amount  of  oil. 
The  cervical  region  of  the  vertebral  column  is  always  very  short ; 
and  the  seven  component  elements  may  be  partially  or  completely 
fused  together,  while  the  odontoid  process  of  the  axis  when  present 
is  short  and  blunt,  and  may  be  entirely  want- 
ing. None  of  the  vertebras  unite  to  form  a 
sacrum.  The  lumbar  and  caudal  vertebrae 
are  large  and  numerous,  and  from  the  ab- 
sence of  zygapophysial  articulations  allow  of 
a  large  amount  of  motion  in  the  hinder  part 
of  the  body ;  the  presence  of  chevron-bones 
distinguishes  the  caudals  from  the  lumbars. 
The  terminal  epiphyses  of  the  vertebrae  do 
not  unite  with  the  centra  till  the  animal  is  1 
fully  adult.  The  cranium  presents  peculiar 
features  which  it  will  not  be  necessary  to 
describe  here ;  although  it  may  be  mentioned 
that  the  usually  small  nasals  are  generally 
brought  up  near  to  the  vertex,  and  that  there 
is  a  more  or  less  elongated  rostrum  in  ad- 
vance of  the  external  nares,  formed  by  the 
premaxilla,  maxilla,  mesethmoid,  and  vomer. 
Clavicles  are  absent ;  the  scapula  and  hu- 
merus are  well  developed  and  freely  mov- 
able upon  one  another,  but  the  anterior 
bones  of  the  limb  admit  of  only  a  very 
slight  amount  of  movement.  There  are 
usually  five  digits  in  the  manus  (fig.  1171), 
but  these  may  be  reduced  to  four ;  the 
phalangeals  are  unique  among  Mammals  in 
exceeding  the  number  of  three  to  a  single 
digit,  and  also  in  being  furnished  with  epi- 

„i  rr*!  1    ■     •  ,11  •         Fiff.  1171. — Dorsal  aspect  of 

physes.  The  pelvis  is  represented  by  a  pair  the  left  pectoral  limb  of  the 
of  styliform  bones,  which  are  regarded  as  E',^)?'''teduc?d!'"^''' R^dius^ 
the  ischia ;  and  there  are  occasionally  small     uina;  c,  Carpus  (the  letter 

■r      .■  •,  •  ,        placed   on   the    scaphoid  or 

OSSincatlOnS    or    cartilages     representing    the    radiale);)«i-;«5,  Metacarpus; 

aborted  bones  of  the  proximal  part  of  the  Fi'ow^r.f'"''''^"^'''''' 
hind  limb.    Teeth  are  usually  present,  but 

are  very  variable  in  number  and  size.  The  dentition  in  existing 
forms  is  homceodont  and  monophyodont,  but  it  was  heterodont 
in  the  extinct  Zeuglodontida  of  the  Eocene. 

The  Cetacea  are  not  known  with  certainty  before  the  Eocene, 
and  are  most  abundant  in  the  later  Tertiary  periods.  The  denti- 
tion of  the  Eocene  Zeuglodontidce  indicates  that  the  order  has  been 
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probably  derived  from  Mammals  with  a  heterodont  dentition ;  and 
Professor  Flower  comes  to  the  conclusion  that  it  is  most  probable 
that  their  ancestors  were  allied  to  the  Ungulata ;  while  from  the 
absence  of  Cetacean  remains  in  the  Cretaceous  the  same  authority 
thinks  that  the  earlier  members  of  the  order  were  inhabitants 
of  freshwater.  With  the  exception  of  the  Platanistidce  and  some 
Delphinida:,  all  existing  Cetaceans  are  of  marine  or  estuarine 
habits. 

In  their  increased  number  of  phalangeals  (hyperphalangism)  the 
Cetacea  resemble  the  Reptilian  IchthyosauridcE  and  Plesiosaiirida;,  and 
from  this  circumstance,  coupled  with  their  simple  tvpe  of  teeth,  it  has 
been  argued  that  they  represent  the  most  archaic  type  of  Mammals,  and 
even  that  they  are  direcdy  descended  from  the  Ichthyosaurs.  As  already 
mentioned  there  are,  however,  many  practically  decisive  objections  to 
these  views. 

For  the  determination  of  fossil  Cetaceans  the  soHd  tympanic  and 
petrosal  bones  of  the  internal  ear,  and  less  frequendy  the  cranial 
rostrum,  are  of  especial  importance,  since  these  parts  are  generally 
well  preserved. 

Suborder  i.  Mystacoceti. — In  this  suborder,  commonly  known 
as  the  Whalebone  Whales,  functional  teeth  are  never  present,  al- 
though germs  may  be  developed 
in  the  gums;  "  baleen"  or  whale- 
bone is  always  attached  to  the 
palate  ;  the  tympanic  bone  (fig. 
1 1 72)  is  anchylosed  to  the  peri- 
otic  and  involuted  upon  itself ; 
the  nasal  passages  are  roofed  in 
by  the  nasals,  the  lachrymal  is 
small  and  distinct  from  the 
jugal ;  and  the  rami  of  the  man- 
dible are  laterally  curved,  and 
do  not  meet  in  a  symphysis. 

Family  BAL^ENiDiE.  —  The 
only  family  of  this  suborder 
may  be  divided  into  the  Balcc- 
nine  and  Balanopterine  sec- 
tions. In  the  first  of  these  there 
is  often  no  dorsal  fin,  the  tympanic  (fig.  11 72)  has  a  characteristic 
flattened  and  angulated  shape,  and  some  or  all  of  the  cervical  ver- 
tebrje  are  at  least  usually  fused  together.  Remains  of  the  genus 
BalcBfia  (including  Balanotus  and  Balcunida)  occur  abundantly  in 
the  Pliocene,  and  especially  in  the  English  and  Belgian  Crags.  One 
of  these  fossil  species  {B.  affinis)  is  closely  allied  to  the  Greenland 
Whale  (fig.  1 1 73);  while  B.  priiiiigenia  is  more  nearly  related  to 


Fig.  1 172. — Inner  view  of  the  right  tympanic 
of  the  Greenland  Whale  {Baltena  7iiystacetus). 
One-third  natural  size.   (After  Gray.) 
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the  Right  Whales  of  the  Southern  Seas.  Palaocetus,  which  has  been 
regarded  by  its  describer  as  of  Mesozoic  age,  may  be  provisionally 
referred  to  this  section  ;  the  type  was  probably  obtained  from  the 
Red  Crag.  In  the  BalcB7iopterine  section  a  dorsal  fin  is  very  gene- 
rally present  (whence  the  name  "  Finners  "  applied  to  many  of  these 


Fig.  1173. — Left  lateral  view  of  the  skull  of  the  Greenland  Whale  (Balana  mystacetus). 
Greatly  reduced.    (After  Owen.) 

■\Vhales) ;  the  cervical  vertebrae  are  free,  and  thicker  than  in  the 
Balcenine  section;  and  the  tympanic  (fig.  11 74)  is  longer,  more  in- 
flated, and  more  rounded  than  in  the  latter.  The  existing  genus 
Megaptera  (in  which  may  be  included  the  fossil  Burti7iopsis)  is 
abundantly  represented  in  the  Pliocene  Crags  of  both  England  and 
Belgium.  Balcenoptera  also  occurs  commonly  in  the  same  deposits  ; 
B.  definita  being  apparently  nearly  allied  to  the  existing  B.  sibbald', 


Fig.  1174.— Inner  view  of  the  right  tympanic  of  a  Rorqual  {Bakenoptera  musculus). 
Recent.   One-half  natural  size.    (After  Gray.) 

which  attains  a  length  of  80  feet ;  while  B.  emarginata  comes  nearer 
to  the  living  B.  rostrata,  which  is  seldom  more  than  30  feet  in  length, 
Cetotherium  (including  Cetotheriophanes,  Plesiocetus,  and  Plesiocet- 
opsis)  is  characterised  by  the  narrowing  of  the  anterior  extremity  of 
the  tympanic,  and  is  likewise  found  in  the  Crags  and  other  Pliocene 

VOL.  II.  2  jj 
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beds ;  while  Herpetocetus  from  the  same  deposits  is  an  allied  genus 
with  an  egg-shaped  tympanic,  and  a  talon  to  the  mandibular  condyle, 
which  recalls  that  of  Physeter.  The  names  Af?iphicetus,  Idioceius, 
Isoceius,  Heterocetus,  and  Mesocetus,  have  been  applied  to  Cetaceans 
from  the  Belgian  Crag,  most  or  all  which  may  apparently  be  in- 
cluded in  Cetotheriiim.  Lastly,  a  vertebra  from  the  Upper  Eocene 
of  Hampshire  has  been  referred  to  Balanoptera,  but  this  reference 
requires  confirmation. 

Suborder  2.  Arch^oceti. — This  suborder  is  confined  to  the 
Eocene  and  Lower  Miocene,  and  may  be  characterised  by  the  long 
nasals,  and  the  presence  of  teeth  differentiated  into  groups  in  both 
jaws. 

Family  Zeuglodontid^. — In  the  one  genus  of  the  only  known 

family  the  dental  formula  is  I.  ^,  C.  -,    Pin.  +  M.  ^.     The  cut- 

3        I  5 
ting-teeth  are  simple  and  pointed;  but  the  cheek-teeth  (fig.  11 75) 


Fig.  1175. — Zcuglodon  cetoides ;  from  the  Middle  Eocene  of  North 
America.  A,  Left  lateral  aspect  of  cranium,  much  reduced;  B,  An  upper 
molar  tooth  less  reduced.    (After  Gaudry.) 

have  two  distinct  roots,  and  compressed,  pointed 
crowns  with  denticulated  cutting-edges.  The  cra- 
nium is  elongated  and  depressed ;  the  brain-cavity 
is  small ;  the  temporal  fossae  and  the  sagittal  crest 
are  large ;  the  cranial  rostrum  is  long,  and  on  the 
sides  largely  composed  of  the  premaxillse ;  the  nasals  are  long,  flat, 
and  narrow ;  and  the  external  nares  are  placed  more  anteriorly  than 
in  living  Cetaceans.  All  the  cervical  vertebrae  are  free,  while  those 
of  the  lumbar  region  are  unusually  elongated ;  but  the  nature  of  the 
limbs  is  not  known.  In  their  dentition,  as  well  as  in  the  characters 
of  the  skull — especially  the  long  nasals  and  the  forward  position  of 
the  nares — the  Zeuglodonts  depart  less  markedly  from  the  general 
plan  of  Mammalian  structure  than  any  existing  members  of  the 
order  ;  and  it  is  remarkable  that  the  Mystacoceti  show  a  nearer  re- 
semblance in  cranial  structure  to  these  fossils  than  is  made  by  the 
Odontoceti.  The  one  genus  Zeuglodon  is  known  from  the  lower 
Tertiaries  of  Egypt,  England,  and  North  America ;  the  remains  of 
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the  typical  Z.  cetoides  being  extraordinarily  abundant  in  parts  of  the 
latter  country,  where  they  have  been  weathered  out  of  a  deposit  of 

Middle  Eocene  age.  .    ,   ,  ,  . 

Suborder  3.  Odontoceti.— All  living  Cetaceans  not  included  in 
the  Mystacoceti  belong  to  this  suborder,  which  is  characterised  by 
the  presence  of  calcified  teeth  after  birth ;  the  functional  ones  being 
generally  numerous,  but  sometimes  reduced  to  a  single  pair  (occa- 
sionally wanting).  Baleen,  or  whalebone,  is  invariably  absent ;  the 
cranium  is  more  or  less  unsymmetrical ;  the  nasals  are  reduced  to 
mere  bony  nodules  which  do  not  roof  over  the  narial  passages ;  the 
lachrymal  is  either  united  to  the  jugal,  or  of  very  large  size ;  and 
the  mandibular  rami  are  nearly  straight,  and  meet  in  a  median  sym- 
physis. The  tympanic  is  not  anchylosed  to  the  periotic,  and  has 
not  the  completely  involuted  structure  found  in  the  Mystacoceti. 

Family  PHYSEXERiCiE. — In  this  family  there  are  no  functional 
teeth  in  the  upper  jaw ;  and  the  anterior  facet  of  the  periotic  for 
articulation  with  the  tympanic  is  smooth  (fig.  11 76),  while  the  pos- 
terior tympanic  surface  of  the  former  bone  is  broad,  with  a  distinct 
median  ridge.  In  recent  genera  some  or  all  of  the  cervical  vertebrae 
are  fused  together.  This  family  is  divided  into  the  two  subfamilies 
PhyseterincR  and  Ziphiina.  In  the  former,  which  comprises  the 
existing  Cachalot,  or  Sperm  Whale  {Pkyseter),  and  the  Short-nosed 
Cachalot  {Cogia),  the  mandibular  teeth  are  numerous  and  implanted 
in  a  long  groove  partly  divided  by  imperfect  septa.  Remains  of  the 
gigantic  Sperm  Whale  {P.  macrocephalus)  are  found  in  the  English 
Forest-bed,  and  also  in  the  Pleistocene  of  South  America ;  the  large 
teeth  have  no  enamel  at  their  summit.  Allied  to  this  genus  are 
Eucetus  from  the  English  and  Belgian  Crags,  and  Physetodon  from 
the  Pliocene  of  Australia ;  while  Physetericla  is  a  genus  founded  on 
a  whale  from  the  former  deposits,  which  does  not  exceed  some  20 
feet  in  length.  A  number  of  Pliocene  and  Miocene  forms  appa- 
rently allied  to  the  Cachalot, 
but  with  the  crowns  of  the 
teeth  tipped  with  enamel,  have 
been  described  as  Balanodon, 
Scaldicetus,  Hoplocetus^  Physodon, 
and  Ziphioides ;  Hoplocetus  and 
Physodon  comprise  comparatively 
small  species  from  the  English 
and  Belgian  Crags  and  the  French 

TV/r-  !_•]     ry-.i-  -J     ■    r  Fie.  II76. — The  left  periotic  of /V/fio/Zfrffs 

Miocene  ;  while  ZlphlOtdeS  is  from  longirostris ;  from  the  Suffolk  Crag. 

the  Middle  Miocene  of  Baltringen 

in  Wiirtemberg.  In  the  Ziphiine  subfamily,  comprising  the  existing 
Bottle-nosed  {Hyperdodoii)  and  Beaked-Whales  {Ziphius  and  Meso- 
plodon),  all  the  mandibular  teeth,  with  the  exception  of  one  or 
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occasionally  two  pairs,  are  rudimentary.  Hyperdodon  is  represented 
in  the  Crags  of  England  and  Belgium.  These  beds  also  yield  the 
extinct  genus  Chonezipkins,  as  well  as  several  species  belonging  to 
the  Hving  genus  Mesoplodon,  which  is  distinguished  from  Chone- 
ziphius  by  the  complete  ossification  in  the  adult  of  all  the  elements 
comprising  the  cranial  rostrum.  The  Crag  species  of  Mesoplodon 
are  mainly  known  by  these  solid  rostra,  which  in  the  living  species 
are  composed  of  dense  ivory-like  bone,  and  are  the  most  solid  bones 
found  in  the  whole  of  the  Vertebrata.  The  periotics  (fig.  11 76)  are 
more  rarely  found,  but  are  equally  characteristic. 

Family  Platanistid^. — This  family,  which  is  now  represented 
by  Platanista  of  the  Ganges,  and  Inia  and  Pontoporia  of  the  great 
rivers  of  South  America,  is  characterised  by  the  large  number  of 
simple  teeth  in  the  elongated  jaws,  and  by  the  length  of  the  man- 
dibular symphysis  exceeding  half  that  of  the  entire  mandible.  None 
of  the  cervical  vertebrae  are  anchylosed  together.  Remains  allied 
to  Po7itoporia  were  found  by  Bravard  in  the  Pleistocene  of  South 
America,  but  these  are  referred  by  some  authorities  to  a  distinct 
genus  under  the  name  of  Pontistes  or  Palaopo7itoporia.  The  extinct 
genera  Champsodelphis  and  Schizodelphis,  of  the  European  Pliocene, 
are  usually  referred  to  this  family,  but  the  latter  approximates  to  the 
Delphinidce. 

Family  Squalodontid.^:.  —  The  extinct  Squalodonts  were  for- 
merly classed  with  the  Zeuglodotitidce,  but  the  characters  of  the 
cranium  are  essentially  Delphinoid,  although  the  teeth  are  differenti- 


Fig.  1177. — Three  lower  molars  of  Squalodon;  from  the  Miocene  of  Europe. 

ated  into  groups  as  in  the  former.  The  type  genus  Squalodo?t  ranges 
from  the  Middle  Miocene  to  the  Pleistocene  of  Europe,  and  is  also 
found  in  the  Tertiaries  of  North  America,  New  Zealand,  and  Aus- 
tralia.    The  teeth  may  be  arranged  as  Z      C.  -,  Pin.     M.^  ; 
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the  premolars  are  simple,  but  the  true  molars  (fig.  11 77)  have 
double  roots,  and  crowns  very  like  those  of  Zeuglodon,  although 
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distinguished  by  the  denticulations  being  more  developed  on  the 
posterior  than  on  the  anterior  border.  The  so-called  Rhizopnon  is 
merely  a  species  of  this  genus.  ^  u    ^  . 

Family  Delphinid^.— In  this,  the  last  family  of  the-  Cetacea, 
the  teeth  are  simple,  and  usually  numerous  in  both  jaws ;  and  the 
length  of  the  mandibular  symphysis  may  be  very  small,  and  never 
exceeds  one-third  of  that  of  the  entire  ramus.  The  periotics  (fig. 
1 1 79),  which  are  frequently  found  in  a  fossil  condition,  are 
readily  distinguished  from  those  of  the  Physeterida,  by  having  the 
anterior  facet  which  articulates  with  the  tympanic  marked  by  a 


Fig.  1178. — I'he  common  Dolphin  {Delfhinus  delphis).  Reduced. 


number  of  grooves,  as  well  as  by  the  narrowness  of  the  posterior 
half  of  their  tympanic  aspect.  This  family  comprises  all  the  Ceta- 
ceans commonly  known  as  Porpoises,  Grampuses,  Killers,  and  Dol- 
phins. Remains  of  the  Narwhal  {Monodon  monoceros)  are  found 
in  the  Norfolk  Forest-bed  and  the  Pleistocene  of  Alaska.  The 
genus  Delphinapterus,  now  represented  by  the  "White  Whale," 
occurs  in  the  Lower  Pliocene  of  Tuscany,  as  well  as  in  the  Pliocene 
and  Miocene  of  other  parts  of  Europe.  An  extinct  species  of 
"Killer-Whale"  {Orca)  is  found  in  both  the  Italian  and  English 
Pliocene.  The  existing  Globicephalus 
melas,  or  "  Black-fish,"  has  left  its  re- 
mains in  the  superficial  deposits  of 
Essex ;  while  the  extinct  G.  uncidens 
occurs  in  the  Suffolk  Crags.  A  left 
periotic  of  the  latter  species  is  repre- 
sented in  fig.  1 179,  in  order  to  show 
the  features  characteristic  of  this  family. 
The  existing  Pseudorca  crassidens  was 
originally  described  from  a  subfossil 
cranium  found  in  the  fens  of  Lincoln- 
shire. Of  the  smaller  Dolphins  it  is  probable  that  the  genera 
Tursiops,  Lagenorhynchiis,  and  Delphinus  (as  now  restricted)  are  all 
represented  in  the  Pliocene  of  Europe.  Eurhinodelphis  is  a  long- 
snouted  genus  from  the  Pliocene  of  Belgium  and  Italy,  which  is 


Fig.  1179.—  IIh:  li^ft  periotic  of 
Globiceplialus  nncidens :  from  the 
Coralline  Crag  of  Suffolk. 
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probably  nearly  related  to  the  existing  Stem.  Delphinoid  remains 
trom  the  Miocene  of  North  America  have  been  described  by  Pro- 
fessors Leidy  and  Cope  under  the  names  of  Priscodelphinus,  Tetro- 
spkys,  Zarhachis,  Lophocetus,  Rhabdosteus,  Ixacanthus,  Anoplonassa 


Fig.  I  i8o.— Skeleton  of  the  Manatee  {Manaius  australis).    Greatly  reduced. 

and  Orycterocetus ;  but  further  information  is  required  as  to  the 
affinity  of  these  forms  and  their  right  to  generic  distinction. 

Order  V.  Sirenia. — The  Sirenia,  now  represented  only  by  the 
Manatees  and  Dugongs,  agree  with  the  Cetacea  in  their  adaptation 
for  a  purely  aquatic  life,  and  accordingly  present  a  strong  general 
resemblance  in  their  external  contour  to  the  members  of  that  order. 
The  head  is,  however,  of  normal  relative  size ;  the  tail  has  a  hori- 


I 

P 

Fig.  1181. — Dorsal  view  of  the  right  pectoral  limb  oi  Mattatits  ausiraiis.    Much  reduced. 
s,  Scapula ;  /i,  Humerus ;  r,  Radius ;  «,  Ulna ;  /,  PoUex. 

zontal  membranous  expansion  ;  the  pectoral  limbs,  although  modified 
into  paddles  (fig.  1181),  retain  the  normal  number  of  phalangeals; 
all  external  traces  of  the  pelvic  limbs  are  wanting ;  and  the  surface 
of  the  body  is  either  naked  or  covered  with  sparse  bristles.  The 
lips  are  fleshy ;  the  nostrils  placed  near  the  extremity  of  the  muzzle 
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(fig  ii8o)-  the  eyes  minute;  and  the  small  ear  has  no  external 
pinna  The  bones  of  the  skeleton  are  extremely  dense  and  solid  ; 
the  cervical  vertebrse  may  be  reduced  to  six,  but  are  never  anchy- 
losed  together ;  and  the  axis  has  a  well-developed  odontoid  process. 
The  vertebrEB  have  no  epiphyses ;  and  none  of  them  unite  to  form 
a  sacrum.  Large  chevron-bones  are  present.  Clavicles  are  want- 
ing •  and  no  recent  forms  show  any  trace  of  the  femur,  although  a 
styliform  rudiment  of  this  bone  is  found  in  the  extinct  Halitherium. 
The  two  bones  of  the  forearm  in  the  existing  genera  (fig.  1181)  are 
subequal  in  size,  and  frequently  anchylosed  together.  In  recent 
forms  the  skull  (fig.  1182)  is  remarkable  for  the  upward  direction 


Fig.  1 182.— Right  lateral  view  of  the  skulls  of  Halicore  (a)  and  Manatus  (b).    Much  reduced. 

of  the  narial  aperture,  and  for  the  absence  or  rudimental  condition 
of  the  nasals.  The  teeth  can  only  be  differentiated  in  the  living 
genera  into  incisors  and  cheek-teeth,  which  are  separated  from  one 
another  by  a  long  interval ;  but  in  one  fossil  genus  there  is  a  more 
complete  dental  series ;  while  in  Rhytina  these  organs  were  totally 
wanting.  In  the  existing  genera  the  dentition  is  monophyodont, 
but  milk-molars  occur  in  Halitherium.  This  order  is  known  from 
the  Eocene  upwards,  but  appears  to  have  been  steadily  dying  out 
to  the  present  period.  The  fossil  forms,  although  decidedly  more 
generalised  than  their  hving  representatives,  do  not  at  present  afford 
any  clear  indication  as  to  the  origin  of  the  order. 

Family  Halicorid^. — In  this  family  the  one  existing  genus 
Halicore  (Dugongs)  has  the  deflected  premaxillge  (fig.  1182,  a)  fur- 
nished with  a  pair  of  large  tusk-like  incisors ;  and  there  are  also 
four  pairs  of  functionless  germs  of  cutting-teeth  in  the  similarly  de- 
flected mandibular  symphysis.  Five  or  six  cheek-teeth  are  devel- 
oped in  each  jaw,  which  are  usually  cylindrical,  and  all  grow  from 
persistent  pulps,  and  are  not  coated  with  enamel.  The  Dugongs 
inhabit  the  coasts  of  the  Red  Sea  and  the  Indian  Ocean.  Prohali- 
core,  from  the  Pliocene  of  France,  is  regarded  as  nearly  allied  to  the 
existing  genus.  The  only  other  form  which  has  been  referred  to 
this  family  is  known  by  a  molar  from  the  Tertiary  of  California, 
which  has  been  described  by  Professor  Marsh  under  the  name  of 
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nesmoiylns.  Further  information  is,  however,  required  before  this 
reference  can  be  definitely  accepted. 

Family  HALixHERim^.-The  fossil  forms  constituting  the  Jfali- 
thentdce  are  characterised  by  the  presence  of  upper  incisors ;  by  the 
on?  K  bemg  coated  with  enamel,  like  those  of  the  ManatidcB  ; 
and  by  the  retention,  in  at  least  some  cases,  of  a  milk  dentition 


Fig.  xx83.-Grinding  surface  of  the  penultimate  and  last  right  lower  molars  oi Halitlurium 
Jossile;  from  the  European  Miocene.  natiinertutn 

In  the  type  genus  Halitherium  (which  may  be  taken  to  include 
Malianassa,  Pugmeodon,  and  Felsinotherium)  there  is  a  pair  of  tusk- 
hke  upper  incisors,  and  either  five  or  six  cheek-teeth  in  each  jaw  • 
smal  nasals  are  present  in  at  least  some  of  the  species ;  the  pre- 
maxillas  and  mandibular  symphysis  are  bent  downwards:  there  is  a 
descending  plate  at  the  angle  of  the  mandible ;  and  a  small  rod-like 
ossification  represents  the  femur.  The  molars  (fig.  1183)  have  a 
pattern  on  their  grinding  surface  resembling  that  of  Hippopotamus. 


Fig.  1 184.— Skeleton  o{  Halitlierium  Sckinzi ;  from  the  Lower  Miocene  of  Hessen- Darmstadt. 

Much  reduced. 1 

This  genus  ranges  from  the  Lower  Miocene  (Middle  Oligocene) 
to  the  Lower  Pliocene  of  Europe;  and  remains  of  JET.  Schinzi 
(fig.  1 1 84)  are  especially  abundant  in  the  Lower  Miocene  sands 
of  certain  districts  of  Hessen  -  Darmstadt.  Frorastomus,  from 
Tertiary  strata  in  the  West  Indies,  is  a  generalised  form  apparently 

In  this  figure  the  deflection  of  the  premaxillfe  is  omitted. 
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allied  to  Halitherium,  but  with  a  fuller  dentition,  and  without  the 
marked  deflection  of  the  extremities  of  the  jaws.    The  dentition 

is/.     C.  -,  Pm.-^M.  ;  the  upper  incisors  are  not  tusk-like; 

and  the  cheek-teeth  have  simple  transverse  ridges  somewhat  like 
those  of  the  Ungulate  genera  Dinotherium  and  Listriodon.  Eo- 
theriuvi  is  definitely  known  by  a  cast  of  the  brain-cavity  from  the 
Eocene  of  Egypt,  but  teeth  from  the  same  deposits  described  under 
the  name  oi  Manatus  may  perhaps  belong  to  it;  its  affinities  cannot 
yet  be  properly  determined.  Probably  allied  to  Halitherium  is 
Crassitherium  from  the  Pliocene  of  Belgium ;  while  Dioplotherium 
from  the  Miocene  of  South  Carolina  is  regarded  as  intermediate 
between  Halicore  and  Halitheiium. 

Family  RHYTiNiDiE.  —  The  Rhytinida  are  known  only  by  the 
huge  Rhytina  gigas,  or  Steller's  Sea-Cow,  which  was  formerly  very 
abundant  on  Behring  and  Copper  Islands  in  the  North  Pacific, 
but  is  commonly  supposed  to  have  been  exterminated  about  1768, 
although  a  few  individuals  may  have  lingered  on  to  a  considerably 
later  date.  The  Rhytina  attained  a  length  of  from  20  to  25  feet, 
and  is  characterised  by  the  entire  absence  of  teeth,  their  function 
being  supplied  by  horny  plates  (cornules)  on  the  palate.  The  head 
is  very  small  in  proportion  to  the  length  of  the  body ;  and  has  the 
premaxillse  and  mandibular  symphysis  moderately  deflected.  The 
skin  was  naked,  and  covered  with  a  rugged  epidermis  resembling 
the  bark  of  a  tree.  Nearly  entire  skeletons  have  been  obtained 
from  the  peat  of  Behring  Island. 

Family  Manatid^. — In  Manatus,  the  only  known  representative 
of  this  family,  the  premaxillse  and  mandibular  symphysis  (fig.  1 1 8  2,  b) 
are  not  deflected,  and  there  are  no  functional  incisors.  The  cervical 
vertebrse  are  reduced  to  six ;  the  cheek-teeth,  which  are  coated  with 
enamel  and  carry  two  transverse  ridges,  may  be  as  many  as  eleven 
in  each  jaw,  although  it  is  seldom  that  more  than  six  are  present 
at  any  one  time.  The  Manatees  are  inhabitants  of  the  mouths 
and  estuaries  of  the  great  rivers  discharging  into  the  two  sides  of 
the  Atlantic.  No  fossil  forms  are  known  which  can  be  referred 
with  certainty  to  this  family,  although  the  type  generic  name  has 
been  applied  to  certain  teeth  from  the  Eocene  of  Egypt  already 
mentioned. 

As  Sirenians  of  uncertain  affinity  may  be  mentioned  Chronozotwi 
from  the  later  Tertiary  of  New  South  Wales ;  Hefnicaulodon  from 
the  Eocene  of  Shark  River;  Pachyacanthus  from  the  Miocene  of 
Vienna ;  and  Trachytherium  (with  which  Rhytiodus  may  perhaps  be 
identical)  from  that  of  France. 
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CLASS  MAMMALIA— continued. 

Order  Ungulata. 

Order  VI.  Ungulata.— The  Ungulata,  or  Hoofed  Mammals,  con- 
stitute the  largest  and  one  of  the  most  important  orders  into  which 
the  class  is  divided ;  all  the  included  groups  being  so  connected 
together  as  to  preclude  their  division  into  well-defined  separate 
orders.  This  order  comprises  at  least  seven  suborders,  of  which 
three  are  totally  extinct,  while  all  the  others,  with  the  exception  of 
the  Hyracoidea,  have  lost  a  large  number  of  family  types  at  the 
present  day.  The  two  first  suborders — Artiodactyla  and  Perisso- 
dactyla — present  several  features  in  common,  and  are  accordingly 
brigaded  together  by  some  authorities  under  the  names  of  Ungulata 
Vera,  Clinodactyla,  or  Diplarthra ;  while  all  the  others  are  included 
in  a  second  division  under  the  name  of  Subungulata. 

All  the  members  of  this  order  are  adapted  for  a  terrestrial  life, 
and  in  the  main  for  a  vegetable  diet,  although  a  few  are  more  or 
less  omnivorous.  Their  dentition  is  heterodont  and  diphyodont, 
and  the  milk-set  is  well  developed,  and  not  changed  till  late  in 
life ;  and  in  the  Perissodactyla  alone  among  Mammals  do  we  find 
certain  instances  where  the  whole  four  premolars  are  preceded  by 
milk-teeth.  The  cheek-teeth  of  the  more  typical  forms  have  broad 
crowns,  with  either  tuberculated  or  ridged  surfaces ;  and  their  crowns 
are  very  frequently  interpenetrated  by  deep  folds  of  enamel,  which 
produce  a  complicated  pattern  on  their  worn  surfaces.  Except  in 
Typoiheriutu,  clavicles  are  always  wanting.  The  toes,  with  the  ex- 
ception of  Chalicotherium,  are  provided  either  with  blunt,  broad 
nails,  or  with  hoofs  more  or  less  completely  encasing  the  terminal 
phalangeals.  The  feet  of  existing  types  are  digitigrade,  and  the 
number  of  the  toes  varies  from  five  to  one.  In  all  existing  forms 
the  humerus  has  no  entepicondylar  foramen.    The  scaphoid  and 
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lunar  bones  of  the  carpus  are  always  distinct ;  but  the  radius  and 

ulna  may  unite.  ,      ,    ,       ,  .  j  ^ 

In  the  great  majority  of  instances  the  cheek-teeth  are  rooted,  and 
in  the  suborders  Artiodactyla,  Perissodactyla,  and  Proboscidea,  which 
comprise  the  most  specialised  members  of  the  order,  a  gradual  m- 
crease  in  the  height  of  the  crowns  of  these  teeth  may  be  traced 
from  the  generalised  to  the  specialised  genera.  Those  teeth  in 
which  the  crowns  are  low,  and  their  whole  structure  is  visible  from 
the  grinding  surface,  being  known  as  brachydont  (compare  fig.  1 195); 
while  those  with  high  crowns,  in  which  the  bases  of  the  enamel-folds 
are  invisible  from  the  grinding  surface,  are  termed  hypsodont  (fig. 
1220).  The  change  from  a  brachydont  to  a  hypsodont  dentition 
is  accompanied  by  the  production  of  a  nearly  flat  and  horizontal 
grinding  surface  in  the  cheek-teeth,  in  place  of  a  more  or  less 
strongly  ridged  one ;  the  more  specialised  type  being  adapted  for  a 
perfect  grinding  action  of  the  upper  against  the  lower  teeth,  while 
in  the  more  generalised  type  the  action  is  to  a  great  extent  a  snap- 
ping one.  Examples  of  the  former  type  are  shown  by  the  Horse 
and  Ox,  and  of  the  latter  by  the  Pig  and  Hyrax.  Hypsodontism 
is  not  confined  to  this  order,  as  will  be  noticed  in  the  sequel. 

Some  remarks  on  the  probable  origin  of  the  order  are  made 
below  under  the  head  of  the  Condylarthra.  In  the  specialised 
forms  there  is  very  often  a  tendency  to  a  suppression  of  the  anterior 
teeth,  more  especially  in  the  lower  jaw. 

Suborder  i.  Artiodactyla. — This  and  the  next  suborder 
present  certain  structural  modifications  of  the  extremities,  by  which 
they  are  distinguished  from  the  remaining  five  suborders,  and  on 
which  account,  as  already  mentioned,  they  are  grouped  together  by 
some  writers  under  the  name  of  Ungulata  Vera,  or  Diplarthra. 
Thus  the  feet  are  never  plantigrade,  and  the  number  of  functional 
digits  does  not  exceed  four.  In  the  carpus  (fig.  11 85)  the  scaphoid 
is  supported  by  and  largely  articulates  with  the  magnum ;  while  the 
latter  (together  with  the  unciform)  supports  the  lunar,  and  has  no 
connection  with  the  cuneiform.  In  the  tarsus  the  cuboid  extends 
inwardly  to  articulate  with  the  astragalus,  which  is  deeply  grooved 
(fig.  1 1 86).  All  the  component  bones  of  both  the  carpus  and 
tarsus  strongly  interlock,  which  makes  the  structure  of  these  joints 
more  complex  than  in  the  other  suborders.  Finally,  the  jugal  forms 
the  anterior  part  of  the  zygomatic  arch  (fig.  1187),  and  the  brain  is 
of  relatively  large  size  and  complex  structure. 

This  suborder,  so  far  as  at  present  known,  is  distinguished 
from  the  Perissodactyla  by  the  distal  surface  of  the  astragalus  (fig. 
1 186)  being  ginglymoid,  by  the  third  and  fourth  digits  (fig.  1185) 
being  equal  in  size,  and  arranged  symmetrically  on  either  side  of 
a  line  drawn  between  them ;  by  the  absence  of  a  third  trochanter 
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Fig.  1185.— Left  manus  of  (i)  Pig  (.Sus),  (2)  Hyomoschus,  (3)  Chevrotain  {Tragvlus),  (4)  Roe- 
buck (Capreolus),  (5)  Sheep  {Ovis),  and  (6)  Camel  {Camclus).  In  the  carpus  the  middle  bone  in 
the  upper  row  is  the  lunar,  the  left  the  scaphoid,  and  the  right  the  cuneiform  ;  in  the  second  row 
the  left  bone  is  the  magnum,  and  the  right  the  unciform.  Reduced.  (After  Dawkins  and 
Oakley.) 


vertebrae  is  nineteen ;  and  the  nasals  are  not  expanded  posteriorly. 
In  the  dentition  the  first  tooth  of  the  cheek  series  never  has  a 
deciduous  predecessor.    The  upper  premolars  are  very  generally 
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more  simple  in  structure  than  the  true  molars ;  while  the  last  lower 
true  molar  nearly  always  has  a  third  lobe,  the  same  feature  bemg 
repeated  in  the  last  lower  tooth  of  the  milk  series. 

In  the  Pecora  the  pelvis  (fig.  1 128  to)  is  characterised  by  the 
great  length  of  the  iha,  which  are  not  much  expanded ;  but  in  the 
Hippopotamus  these  bones  are  shorter  and  more  expanded,  and  thus 
approximate  to  those  of  the  Perissodactyla.  The  symphysis  of  the 
ischia  and  pubes  is  much  elongated. 
The  true  molars  in  the  upper  jaw 
carry  either  four  or  five  main  columns  ; 
in  the  less  specialised  forms  such  as 
the  Pigs  (figs.  1 194,  1 195).  such 
columns  in  both  upper  and  lower 
molars  form  low  subconical  tubercles, 
when  the  dentition  is  termed  buno- 
dont ;  but  in  others,  such  as  Eporeo- 
doti  (fig.  1 201)  and  the  Ruminants 
(fig.  1220),  the  outer  pair  of  columns 
becomes  transversely  flattened,  and 
the  inner  pair  crescent-shaped,  and 
the  dentition  is  then  termed  seleno- 
dont.  In  the  lower  molars  of  the 
latter  type  of  dentition  it  is  the  inner 
columns  that  become  flattened,  while 
the  outer  ones  assume   a  crescent 

shape.  There  is,  however,  a  complete  passage  from  the  one  type 
to  the  other ;  the  most  specialised  forms  with  a  hypso-selenodont 
dentition  being  of  comparatively  recent  origin.  The  existing  mem- 
bers of  this  suborder  are  divided  into  the  sections  Suina  (Pigs 
and  Hippopotamus),  Tylopoda  (Camels),  Tragulina  (Chevrotains), 
and  Pecora  (typical  Ruminants)  ;  but  since  such  divisions  will  not 
hold  good  for  the  fossil  forms,  it  will  be  convenient  merely  to 
divide  the  suborder  into  families. 

It  should,  moreover,  be  observed  that  it  is  by  no  means  certain 
that  all  the  above-mentioned  characters  will  apply  to  some  of  the 
less  known  earlier  members  of  the  suborder,  since  some  of  these 
included  in  the  AnoplotheriidcB  present  certain  remote  indications  of 
affinity  with  the  Perissodactyla. 

The  advance  from  a  bunodont  to  a  hypso-selenodont  dentition  is 
accompanied  in  this  suborder  by  a  tendency  in  the  second  and  third 
metapodials  to  coalesce  into  a  cannon-bone,  and  also  by  a  change  in 
the  form  of  the  odontoid  process  of  the  axis  vertebra  from  a  peg-like 
projection  to  a  spout-like  demicylinder.  The  earliest  form  which 
has  been  referred  to  this  suborder  is  the  small  Fantolestes,  from  the 
Lower  Eocene  of  the  United  States.    This  genus  is  still  very  imper- 


Fig.  1186.— Left  astragalus  of  a  Rumi- 
nant Artiodactyle  (^Bos).  Reduced. 
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fectly  known ;  but  Professor  Cope,  who  makes  it  the  type  of  a  dis 
tine  fami  y,  states  that  it  has  tritubercular  upper  molars!  and  four' 
digits  m  the  pes  and  looks  upon  it  as  the  ancestral  t;pe  of  Z 
camels.    Dr  Schlosser  is,  however,  not  satisfied  that  the  teeth  are 


Fig.  i.87.-Left  aspect  of  the  Hippopotamus  (H.  amfhibius).   Much  reduced.   (After  Giebel.) 


really  tritubercular,  and  suggests  that  it  may  indicate  a  transitional 
type  between  the  Artiodactyla  and  the  Condylarthra 

Family  Hippopotamid^.— This  family  contains "  the  single  Old 
World  genus  Hippopotamus,  now  represented  by  two  species  of 


III. 


Fig.  1188. — Left  inanus  of  Hippopotamus 
ampkibius.   Reduced.  (After Cuvier.) 


Fig.  1189.  —  Left  upper  true 
molar  of  Hippopotamus  amphi- 
bitts.    Two-tnirds  natural  size. 


bulky  animals,  which  spend  a  large  proportion  of  their  time  in  the 
waters  of  lakes  and  rivers.  In  the  skull  (fig.  1187)  the  angle  of  the 
mandible  has  a  descending  flange ;  the  facial  portion  is  much  elon- 
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gated  ;  and  the  orbits  are  tubular  and  very  prominent.    The  dental 

formula  is  /.  C.       Pm.  \,  M.  \    The  cheek-teeth  are 

(1-3)         I  4  3 

bunodont  in  structure;  the  true  molars  (fig.  1189)  having  four 
columns,  which  present  trefoil-shaped  dentine  surfaces  when  worn ; 
the  premolars  are  simpler.  The  upper  incisors  are  short  and  ver- 
tical (fig.  1 187),  but  those  of  the  lower  jaw  are  procumbent,  and 
may  be  very  large  (fig.  1191).  The  canines  of  the  upper  jaw  are 
curved  upwards  like  those  of  pigs,  while  the  lower  ones  are  of 
enormous  size,  and  have  their  extremities  obliquely  worn  to  a  cutting- 


Fig.  iigo.  — Hippopotamtis  sivalensis ',  from  the  Pliocene  of  the  Siwalik  hills.    «,  Palatal 
view  of  cranium;  b,  Third  right  upper  true  molar;  c,  Symphysis  of  mandible.  Reduced. 

edge  by  biting  against  the  outer  surfaces  of  those  of  the  upper  jaw. 
The  feet  (fig.  11 88)  are  short  and  massive,  and  furnished  with  four 
digits,  of  which  the  terminal  phalangeals  bear  nail-like  hoofs.  The 
skin  is  nearly  naked  and  of  great  thickness ;  while  the  ears  and 
eyes  are  very  small,  and  the  tail  is  short. 

In  the  more  generalised  forms  like  H.  sivalensis  (fig.  1190),  of  the 
Pliocene  of  the  Siwalik  Hills  of  India,  there  are  three  pairs  of  incisors  in 
both  jaws,  all  of  which  are  of  subequal  size.  This  hexaprotodont  group 
is  represented  in  the  Pliocene  of  Burma  by  H.  iravaiicus,  and  in  that  of 
Algiers  by  H.  bonariensis ;  while  its  latest  member  is  H.  namadicus,  of 
the  Pleistocene  of  the  Narbada  Valley,  in  India.    In  the  latter  deposits 


VI 


I3i8 


CLASS  MAMMALIA. 


also  occurs  H.  palcemdicus,  in  which  the  second  lower  incisor  is  very 
minute  and  perhaps  disappears  in  the  adult;  while  in  the  existincr // 
of  Afnca  which  is  found  fossil  in  Europe  from  the  Uppe; 
Pliocene  of  the  Val  d'Arno  to  the  late  Pleistocene,  there  are  only'^two 
pairs  of  incisors  in  each  jaw,  the  innermost  pair  in  the  mandible  beins^ 
of  enormous  dimensions  (fig.  1191).  It  is  evident  from  the  condition 
prevailing  m  H.  palaindicits  that  it  is  the  second  pair  of  incisors  which 
is  missing  in  the  existing  species.  Allied  to,  but  smaller  than  the  latter 
are  H.  Fentlandi  and  H.  7?iinutus,  whose  remains  are  found  in  enormous 
quantities  in  the  caves  of  Italy  and  the  Mediterranean  islands.  Finally 


Fig.  1191.— Mandible  of  Hifi/>opotamns  amphibius.  Reduced. 


in  the  small  H.  libcriensis,  now  living  in  West  Africa,  the  number  of 
lower  incisors  is  reduced  to  a  single  pair.  The  resemblance  of  the  man- 
dible of  Hippopotamus  to  that  of  the  Anihracotheriidcs  suggests  that 
both  are  derived  from  a  common  ancestor. 

Family  Suid^. — This  family  may  be  taken  to  include  both  the 
existing  Dicotylid(e  and  Fhacochceridce  and  the  extinct  Listriodoiitidce, 
since  fossil  forms  indicate  a  close  connection  between  all  these  types. 
The  cheek-teeth  are  typically  bunodont  and  brachydont,  the  upper 
true  molars  carrying  four  main  columns,  which  may  be  either  simple 
(fig.  1 195)  or  of  extreme  complexity  {Hippohyus\  but  which  do  not 
wear  into  distinct  trefoils.  Their  outer  and  inner  columns  may, 
however,  coalesce  into  transverse  ridges  (fig.  1193).  The  skull 
(fig.  1 192)  has  a  more  or  less  elevated  supraoccipital  region,  from 
which  the  profile  slopes  away  to  the  muzzle,  the  nasals  being  fre- 
quently much  elongated ;  while  the  mandible  has  no  descending 
flange  at  the  angle.  The  canines  are  frequently  large  and  tusk-like 
(fig.  1 192),  the  superior  ones  being  curved  upwards,  and  the  lower 
ones  biting  against  a  facet  on  the  outer  surface  of  the  upper  ones ; 
but  in  many  of  the  earlier  forms,  and  in  the  recent  Peccaries,  the 
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development  of  these  teeth  is  much  less  marked.  The  digits  are 
usually  four  in  number,  but  in  the  existing  forms  (fig.  1185)  only 


Fig.  1 192.— Right  lateral  aspect  of  the  skull  of  the  Wild-boar  (Sits  scro/a).  Reduced. 

(After  Gray.) 


the  two  middle  ones  touch  the  ground.  The  dental  formula  is  very 
generally  the  typical  one. 

The  extinct  genus  Listriodon  differs  from  all  the  other  members 
of  the  family  in  that  the  true  molars  (fig.  11 93)  carry  a  pair  of 
simple  transverse  ridges.    The  dental  formula  is 

/.  -,  C.      Pm.      M.  -  ;  the  canines  form  large 

31  3  3 

tusks ;  the  last  upper  premolar  is  simpler  than 

the  true  molars ;  and  the  anterior  premolars  are 

relatively  wide.    The  skull  is  essentially  that  of 

a  Pig.     Remains  of  Listriodon  occur  in  the 

Middle  Miocene  of  the  Continent  (where  they 

fig.  1 193.  —  1  lie  sec- 
have  been  described  under  the  names  of  Lophio-  ond  left  upper  true  mo- 

chcertts  and  1  apirotnerium.),  and  also  m  the  rno-   dens;  from  the  Middle 
cene  Siwaliks  of  the  Punjab  and  Sind.     The   Miocene  of  France, 
molars  present  the  same  relation  to  those  of  Sus 
as  is  borne  by  the  molars  of  Dinotherium  to  those  of  many  species 
of  Mastodon. 

Leaving  this  aberrant  type,  we  may  turn  to  the  typical  genus  Sus, 

^        I  43 
in  which  the  normal  dental  formula  is  /.      C.      Pm.  -,  M. 

31  4  3 

although  the  first  premolar  is  absent  in  some  fossil  species,  and  also 
in  the  African  Potamochosrus,  which  cannot  be  palseontologically 
separated.  The  canines  are  developed  into  tusks  (fig.  1192), 
although  they  are  small  in  the  earlier  species.  The  crowns  of 
the  upper  true  molars  are  oblong,  and  both  the  upper  and  lower 
last  true  molars  (fig.  1194)  have  a  third  lobe,  although  its  degree 
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Fig.  1194.— The  third  right  lower  true  molar 
ofSus  crtstatus;  India,  a,  d,  Middle  columns 
of  talon. 


Of  development  vanes  greatly;  and  these  teeth  do  not  come  into 
use  until  the  first  molar  has  been  well  worn.  The  anterior  pre- 
molars are  compressed,  and  there  is  no  diastema  between  the  first 

and  the  second.  The  upper 
premolars  are  simpler  than  the 
true  molars,  and  there  is  con- 
siderable difference  in  the  num- 
ber of  accessory  tubercles  de- 
veloped in  the  latter;  those 
species  in  which  these  are  most 
numerous  showing  a  more  com- 
plex pattern  on  the  worn 
crowns.  The  molars  of  some 
of  the  earlier  forms  approximate  to  those  of  Hyotherium. 

The  species  with  the  most  complicated  molar  structure  are  ^.  Falconeri 
of  the  Phocene  of  the  Siwalik  Hills,  S.  phacochwroides  of  the  Pliocene  of 
Algeria,  5.  karmihensis  of  the  Pleistocene  caves  of  Madras  and  the 
hvmg  Indian  ^.  cristatns  (fig.  1194),  which  is  also  found  fossil  in  the 
same  caves  ;  the  last  lower  true  molar  of  the  first-named  species  making 
a  decided  approach  to  that  of  Phacochcerus.  In  the  European  Wild- 
boar,  which  is  found  fossil  as  low  down  as  the  Norfolk  Forest-bed,  the 
hind  lobe  of  the  last  molar  is  of  moderate  complexity.  S.  titan  and  J> 
gigattteiis  of  the  Siwalik  Hills  of  India,  together  with  S.  antiqiius,  S 
eryvimttlnus,  and  S.  major  of  the  Lower  Pliocene  of  Europe,  are  large 
species  with  comparatively  simple  molars  ;  the  first  being  the  largest 
known  species,  and  fully  equal  in  size  to  a  Tapir.  S.  hysudriciis  of  the 
Siwalik  Hills,  palaochwrus  of  the  Lower  Pliocene  of  Eppelsheim,  and 
S.  ckcEroides,  which  has  been  recorded  from  France  and  the  Middle 
Miocene  of  Tuscany,  are  small  species  with  simple  molars  like  those  of 
the  living  5.  andamancitsis,  to  which  they  maybe  allied.  6".  arverncnsis 
of  the  Upper  PHocene  of  France  is  closely  related  to  the  living  African  S. 
{Potamocharns)  africanus ;  while  in  the  small  .9.  pimjabiensis  of  the 
Pliocene  of  north-western  India  we  probably  have  the  direct  ancestor  of 
the  Pigmy-hog  (.5".  salvaniiis)  of  the  terai-lands  of  Nipal.  No  represen- 
tatives of  the  genus  occur  in  America  ;  and  6".  chceroides  seems  to  be  the 
earhest  species. 

Here  it  will  be  convenient  to  notice  the  African  Wart-hogs 
{Phacochcerus)  which  appear  to  be  related  to  some  of  the  specialised 

(2-3)       I  3 


fossil  species  of  Sus.     The  dental  formula  is  I. 


•2 

M.  -,  but  the  whole  of  the  teeth  with  the  exception  of  the  canines 
3 

and  the  last  true  molars  may  be  lost  in  the  adult,  thus  presenting  a 
very  remarkable  instance  of  extreme  specialisation.  The  last  true 
molar  is  a  very  peculiar  tooth,  consisting  of  a  great  number  of  tall 
agglomerated  columns,  or  denticules ;  but  a  marked  approach  to 
this  structure  is  presented  in  some  of  the  species  of  Sus  from  the 
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Pliocene  of  Algeria  and  India.  Remains  of  Fhacochmrus  occur  in 
superficial  deposits  in  Africa.  The  last  molar  of  this  genus  com- 
pared with  that  of  Hyotherium  presents  a  difference  analogous  to 
that  between  the  corresponding  teeth  of  Mastodon  and  the  Mam- 
moth. 

We  may  now  revert  to  the  consideration  of  more  generalised 
types.  The  most  important  is  Hyotherium  (in  which  may  be  included 
Falceocharus  and  CJmromorus)  which  presents  characters  connect- 
ing it  with  Dicotyles,  Sus,  and  Choeropotamus,  and  may  have  been 
the  ancestor  of  the  first 
two  of  these  genera.  The 
upper  true  molars  (fig. 
1 195)  have  low,  square 
crowns,  with  a  rudimentary 
fifth  column,  which  is  fully 
developed  in  Charopota- 
mus ;  and  the  last  true 
molar  comes  into  use  be- 
fore the  first  is  worn.    In  m.  i.        m.  2.         m.  3. 

the  third  upper  true  molar        Y\z.  1195.— The  left  upper  true  molars  of  Hyothc- 
there  is  no  third  lobe,  and  rium  ^erimense ;  from  the  Pliocene  of  India. 

this  lobe  is  small  in  the 

corresponding  lower  tooth ;  while  occasionally  the  last  upper  pre- 
molar has  only  a  single  outer  column,  as  in  Charopotamus.  The 
canines  are  scarcely  larger  than  the  incisors ;  are  oval  in  section, 
and  the  lower  one  is  not  received  into  a  notch  in  the  upper  jaw. 
The  lateral  metapodials  are  stouter  than  in  modern  pigs.  In  Europe 
this  genus  ranges  from  the  Quercy  Phosphorites  to  the  Middle 
Miocene  of  the  Continent ;  while  in  India  it  occurs  in  the  Lower 
Siwaliks  of  Sind,  and  also  in  Perim  Island  (fig.  1 195) ;  the  American 
forms  which  have  been  referred  to  this  genus  are  regarded  by  Pro- 
fessor Cope  as  distinct.  Hippohyus,  of  the  Indian  Siwaliks,  appears 
to  be  an  allied  but  specialised  form,  in  which  the  crowns  of  the 
molars  are  much  taller,  and  have  lateral  infoldings  of  the  enamel, 
whereby  an  extremely  complex  pattern  is  produced  on  their  worn 
surfaces.  Sanitherium  of  the  Siwaliks  must  be  placed  with  this 
group ;  while  Doliochcerus  of  the  Quercy  Phosphorites  is  apparently 
allied  to  Hyotherium,  although  it  may  also  have  affinity  with  Cebo- 
chcerus.  The  genus  Babirusa,  of  Celebes,  is  unknown  in  a  fossil 
state. 

In  the  John  Day  Miocene  of  the  United  States  there  occur  pig- 
like animals  apparently  connecting  Hyotherium  with  the  existing 
Peccaries,  most  of  which  may  be  included  in  the  genus  Chanohyus. 
These  forms  agree  with  Hyotherium  in  having  the  fourth  upper  pre- 
molar simpler  than  the  true  molars,  but  have  the  lower  canine  with 
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a  triangular  section,  and  received  into  a  notch  in  the  upper  jaw  as 
in  the  Peccaries.  The  typical  forms  have  only  three  premolars  but 
in  others  which  it  has  been  proposed  to  separate  generically  as 
Bothrolabis,  there  are  four  of  these  teeth.  Allied,  or  probably  iden- 
tical forms  have  been  described  as  Thinohyus  and  Perchcerus  the 
former  having  four  premolars.  The  existing  South  American  genus 
nicotyles  mcludes  the  well-known  Peccaries,  and  has  the  dental 
formula  I.  1,  C.  I,  Pin.  1,  M.  |.     The  structure  of  the  small 

canines  has  been  already  mentioned ;  the  last  upper  premolar  has 
four  columns  like  the  true  molars  (fig.  1196) ;  while  the  third  upper 


Fig.  1 196. —Grinding  surface  of  the  right  upper  cheek-teeth  of  a  Peccary  (Dicotvles 
labiatus).    (After  Giebel.) 

true  molar,  which  comes  into  use  before  the  first  is  worn,  has  no 
distinct  third  lobe.  In  the  pes  the  phalangeals  of  the  fifth  digit  are 
aborted.  Remains  of  two  existing  and  one  much  larger  extinct 
species  of  this  specialised  genus  are  found  in  the  Pleistocene  de- 
posits of  the  Brazilian  caves ;  while  large  Peccaries  also  occur  in 
the  Pliocene  of  the  United  States  and  the  Pleistocene  of  Mexico, 
which  have  been  described  as  P/atygonus,  but  may  be  included 
in  the  type  genus,  although  they  have  rather  simpler  premolars. 

Family  Chceropotamid^. — The  true  molars  of  this  extinct 
family  are  intermediate  in  structure  between  those  of  the  Stiidcc  and 
Anthracotheriidce ;  having  in  the  upper  jaw  very  broad  and  short 
crowns,  which  carry  five  columns  arranged  as  in  the  latter  family. 
The  premolars,  although  somewhat  compressed,  are  not  secant,  and 
may  be  of  very  large  size.  In  the  two  best  known  European  genera 
there  is  a  diastema  between  the  first  and  second  upper  premolars. 
The  mandible  has  no  descending  flange  at  the  angle. 

One  of  the  most  pig-like  members  of  this  family  is  the  genus 
Cebochoerus,  comprising  animals  of  the  size  of  Hyotherium,  which 
have  been  considered  by  some  as  allied  to  the  Lejiiuridcs,  although 
there  is  little  doubt  that  their  true  relationships  are  with  the  present 
group.  They  apparently  possessed  the  full  typical  number  of  teeth, 
which  (especially  in  the  lower  jaw)  present  a  great  resemblance  to 
those  of  Hyotheriuin  ;  and  it  is  highly  probable  that  they  are  closely 
related  to  the  ancestor  of  that  genus.  Cebochcsrus  is  represented  by 
several  species  in  the  Upper  Eocene  of  France ;  but  the  form  re- 
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corded  from  the  Middle  Miocene  of  Bavaria  may  be  generically  dis- 
tinct. Allied  to  this  genus  are  ifemicharus  of  the  Quercy  Phos- 
phorites, and  Leptocharus  of  the  North  American  Miocene,  in  which 
the  premolars  have  a  very  simple  structure.  All  these  forms,  to- 
gether with  the  following  genus,  are  placed  by  some  writers  with  the 
SuidcE.  The  type  genus  Charopotamus  occurs  in  the  Upper  Eocene 
of  France  and  England,  and  has  been  erroneously  stated  also  to 
occur  in  the  Miocene  of  Bavaria.  The  upper  true  molars  resemble 
those  of  certain  species  of  Anthracotherium,  but  have  shorter  crowns, 
with  a  less  approach  to  a  selenodont  structure.  There  is  a  third 
lobe  to  the  last  lower  true  molar,  and  the  dental  formula  is 

/.  ^    C  -  Pm.  -,  M.        The  feet  are  unknown,  but  it  is  probable 
'  3'     '  i'        3'       3  .  ^ 

that  they  were  furnished  with  four  digits.    The  type  species  C. 
gypsorum  of  the  Paris  gypsum,  was  an  animal  of  the  size  of  a  large 
Pig ;  and  it  is  probable  that  this  genus  is  a  survivor  of  a  form  which 
was  the  common  ancestor  of  both  the  Suidce  and  the  Anthracothe- 
riida.    Elotherium,  which  has  been  also  described  under  the  names 
of  Entelodon,  Archceothermni,  Oltinotherium,  and  Felonax,  is  a  larger 
form  allied  in  many  dental  characters  to  ChcEropotamus  ;  and  is  one 
of  the  very  few  members  of  this  suborder  in  which  the  last  lower 
true  molar  has  no  third  lobe.    The  premolars  are  relatively  large 
and  simple  ;  the  canines  recall  those  of  some  of  the  Carnivora;  and 
the  functional  digits  of  the  feet  are  reduced  to  two.    The  dental 
formula  is  the  typical  one ;  and  the  genus  is  placed  by  some  writers 
in  the  Anthracotheriida.     Its  remains  are  found  in  the  Upper 
Eocene  Phosphorites  of  Quercy,  in  the  Lower  Miocene  of  Ronzon, 
in  France,  and  of  Hempstead  in  the  Isle  of  Wight,  and  also  in  the 
Miocene  of  North  America.    Apparently  allied  to  this  genus  is 
Tetraconodon  of  the  Pliocene  of  the  Indian  Siwalik  Hills,  in  which 
the  last  lower  molar  has  a  third  lobe,  and  the  conical  premolars  are 
of  enormous  size.    In  this  neighbourhood  must  probably  also  be 
classed  the  remarkable  North  American  Eocene  genus  Achcznodon 
(probably  identical  with  Parahyus)  which  has,  however,  been  con- 
sidered by  Professor  Cope  as  allied  to  the  Lemuroidea  and  Insecti- 
vora.    The  structure  of  the  teeth  is  like  that  obtaining  in  the  pre- 
sent family,  and  the  last  lower  molar  has  a  third  lobe,  but  the  first 
premolar  is  wanting  in  both  jaws.    The  skull  presents,  however, 
several  Carnivorous  features,  and  it  is  possible  that  this  genus  should 
rather  be  placed  among  the  bunodont  Condylarthra  in  the  neigh- 
bourhood of  Periptychus.    The  resemblance  presented  by  the  teeth 
of  the  latter  to  those  oi  Elotheriu??i  and  Achanodoii  is,  indeed,  so  re- 
markable as  to  suggest  that  those  two  genera  may  be  descendants 
of  some  unknown  member  of  the  Condylarthra  very  closely  allied  to 
the  PeriptychidcR. 
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Family  Anthracotheriid^.— In  this  family  the  dental  formula 
is,  with  one  exception,  /  C.  \,  F,„.  4  j/;  | .  the  upper  true 
molars  (fig.  1199)  have  broad,  low  crowns,  with  five  columns  three 
of  which  are  situated  on  the  anterior  and  two  on  the  posterior  lobe- 
the  columns  in  both  upper  and  lower  molars  have  a  more  or  less 
distinctly  selenodont  structure;  and  the  mandible  has  a  descend- 
ing flange  at  the  angle.  The  Anthracotheres  were  probably  in 
appearance  somewhat  between  a  Pig  and  a  Hippopotamus,  and 
doubtless  dwelt  in  swamps  and  marshes.  In  the  type  genus  An- 
thracothermm  (fig.  1197)  the  selenodont  structure  of  the  teeth  is 
less  marked  than  in  the  next  genus,  with  which  it  agrees  in  having 
four  digits  to  each  foot.  ^ 

The  species  which  approaches  nearest  to  Chceropotamus  in  the  structure 
of  Its  molars  is  the  small  A.  siUstrense  of  the  lower  Siwaliks  of  India  : 
but  the  still  smal  er  A  Uresslyi  (fig.  1197)  from  the  Upper  Eocene  of 
Switzerland  and  Hampshire,  agrees  with  that  genus  in  having  a  diastema 


Fig.  1197. — Anthracotherium  Gresslyi.    The  left  half  of  the  palate  and  the  upper  cheek- 
dentition  ;  from  the  Upper  Eocene  of  Hordwell,  Hampshire. 


between  the  first  and  second  upper  premolars,  and  in  the  absence  of  the 
first  lower  premolar.  In  most  of  the  other  species  all  the  cheek-teeth  were 
in  contact.  This  genus  commenced  in  the  Middle  Eocene  of  Promina 
in  Dalmatia,  where  it  is  represented  by  A.  dalmatimwi ,  which  has  been 
made  the  type  of  the  genus  Proininatheriiim ;  it  was  abundant  in  the 
Quercy  Phosphorites  and  Lower  Miocene  of  Europe,  where  it  was  re- 
presented by  species  like  A.  mag>ne/n,  A.  valdetise  of  Lausanne,  and  A. 

of  Tuscany,  which  attained  the  size  of  a  Rhinoceros.  It  was 
represented  in  the  Middle  Miocene  of  France  by  A.  Cuvieri,  after  which 
it  died  out  in  Europe,  although  it  survived  in  India  till  the  Upper  Mio- 
cene, where  it  is  known  by  the  large  A.  hyopotainoides  and  the  small  A. 
silisireftse.    It  is  unknown  in  America. 
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The  genus  ITyoptamus  generally  has  a  more  completely  seleno- 
dont  dentition  than  Anthracotherium,  but  in  some  species  (fig.  1198) 
these  characters  are  less  marked,  and  thus  indicate  a  complete 
transition  between  the  two  genera.  In  those  species  (fig.  1199) 
which  have  the  most  perfectly  selenodont  dentition  the  columns  of 


Fig.  1198. — The  third  left  upper  true 
molar  of  Hyopotamus  giganteus.  Up- 
per Miocene,  India. 


Fig.  1 199  — The  third  right 
upper  true  molar  o(  Hyopotamus 
bovinus.  Lower  Miocene,  Isle  of 
Wight. 


the  true  molars  are  taller  than  in  the  others.  The  first  upper  pre- 
molar is  separated  by  .an  interval  both  from  the  canine  and  the 
second  premolar.  This  genus  apparently  commenced  in  the  Upper 
Eocene  of  Europe,  and  is  especially  characteristic  of  the  Hempstead 
beds  of  the  Isle  of  Wight,  and  of  the  Ronzon  beds  of  France,  where 
it  is  represented  by  the  large  H.  bovinus  (fig.  1199))  H.  velaunus, 
and  the  brachydont  H.  porcinus.  In  India  it  survived  till  the 
Upper  Miocene,  where  it  is  represented  by  two  species,  one  of 
which  (fig.  1 198)  is  the  largest  known  form  ;  it 
also  occurs  in  the  Miocene  of  North  America. 
The  name  Diplopus  has  been  applied  to 
a  form  from  the  Upper  Eocene  of  Hamp- 


shire, with  only  two  digits  to  each  foot,  which 
has  been  referred  to  this  family ;  since,  how- 
ever, its  dentition  is  unknown  this  determina- 
tion is  only  provisional,  and  it  has  been  sug- 
gested that  it  may  be  a  Dichodo7i,  although  it 
appears  too  large  for  the  type  species. 

Family  MERVCOPOTAMiDiE.  —  This  family 
may  be  regarded  as  an  offshoot  from  the  Att- 
thracotheriida  in  which  the  upper  true  molars  (fig.  1200)  have  only 
four  columns  on  their  crowns ;  the  dental  formula  being  the  same. 
It  is  probable  that  the  feet  were  tetradactylate ;  and  the  mandible 


'  Fig.  iioo. — A  right  up- 
per true  molar  of  Mcryco- 
fotamus  dissimilis ;  from 
the  Pliocene  of  India. 
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and  two  smaller  species.    An  imperfectly  known  but  closely  allied 
form  from  the  Upper  Miocene  of  Sind  has  been  descS 
the  name  of  Ifemmery^.    In  this  and  all  the  preceding  families  the 
odontoid  process  of  the  axis  vertebra  is  peg-shaped  ^ 

Family  Cotylopid^.— This  extinct  North  American  family 
usual  y  known  as  the  Oreodon^^^^^  is  regarded  by  Professor  Cope 
as  related  to  the  Ano^M/^eru^^,  but  with  more  completely  efeno 
dont  teeth  and  less  specialised  feet,  which  are  more'hS'thte  of 
he  Hippopotamus  than  those  of  the  Ruminants ;  but  their  affinities 
are  probably  widely  spread.  Upper  incisors  are  present;  the  true 
molars  (fig.  1 201)  are  selenodont,  and  those  of  the  upper  jaw 
usually  haye  only  four  columns  on  their  crowns ;  and  the  pre 


Fig.  i2oi.-Oral  surface  of  the  right  upper  cheek-teeth  o{  Eporeodon  major 
Miocene,  North  America. 

molars  are  simpler  than  the  true  molars,  but  are  not  secant.  The 
lower  canine  is  approximated  to  the  incisors,  and  its  function  is 
taken  by  the  first  premolar,  which  has  a  tall  crown  biting  behind 
the  upper  canine.  The  ulna,  radius,  tibia,  fibula,  metapodials, 
nayicular,  and  cuboid  are  all  distinct ;  and  each  foot  carries  four 
digits.  The  odontoid  process  of  the  axis  vertebra  is  intermediate 
in  shape  between  the  peg  of  the  Bunodonts  and  the  half-cylinder  of 
the  Ruminants ;  the  lachrymal  bone  frequently  has  a  deep  larmial 
depression  ;  but  the  angle  of  the  mandible  has  no  descending  flange. 

In  the  type  genus  Cotylops  {Oreodoti)  the  dentition  is  I.  ^,  C.  -, 

3  I 

Fm.  -,  J/:  ^  ;  the  orbits  are  completely  surrounded  by  bone,  the 

premaxillae  are  separate,  the  auditory  bullae  not  inflated ;  there  are 
no  vacuities  in  the  bones  of  the  face  ;  and  there  is  a  small  pollex  in 

^  The  name  Oreodon  being  preoccupied  by  Orodns  {supra,  p.  940),  involves 
the  change  of  the  family  name.  Cotylops  was  originally  applied  by  Leidy  to  one 
species  of  the  type  genus. 
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the  manus  In  Eporeodon,  or  Eucrotaphus,  the  above  characters 
are  the  same,  with  the  exception  that  the  tympanic  bulte  are  m- 
flated  •  while  Merycocharus  differs  from  the  latter  by  the  anchylosis 
of  thJ  premaxillse.  There  are  seven  species  in  the  latter  genus. 
Merychyus  is  distinguished  from  Merycocharus  by  the  presence 
of  vacuities  in  the  lachrymal  region.  In  Leptauchema,  which  has 
been  placed  by  some  writers  in  the  Camelidcz,  such  vacuities  occur 


Fig.  t202. — Frontal  (i)  and  left  lateral  (2)  aspects  of  the  cranium  of  Cyclopidhis  emidinus; 
from  the  Miocene  of  the  United  States.    Reduced.    (After  Cope.) 


close  to  the  frontals,  and  the  nasals  become  very  small.  Still  more 
remarkable  is  the  enormous  development  of  these  vacuities  in  Cydo- 
pidhis  (fig.  1 202),  in  which  the  upper  incisors  are  wanting.  Fithecistes, 
again,  differs  from  all  the  preceding  by  the  absence  of  the  first  pre- 
molar, and  has  but  one  pair  of  lower  incisors.  In  the  second  divi- 
sion of  this  family,  which  includes  the  genera  Agriocharus  and 
Coloreodon,  the  orbit  is  incompletely  surrounded  by  bone,  and  the 
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Z  o^Z  r  '"^^  ^"  Pl-^^e  of  the  single 

TJ;         FT^  ^^S-  I20I).  differs  S 

by  having  only  three  premolars,  but  it  may  be  QueT 

genelt:Lnction^  '^^''y  f^^'^  -^-nt  Xds  Sr" 

fhrwv.    I  ""'^^"''^y  °f  the  genera  are  confined  to 

the  White  River  Miocene  of  North  America,  but  AferycocTJ^s 
extends  into  the  Loup-Fork  beds,  which  may  be  eithTrUpn 
Miocene  or  Lower  Pliocene  Tap     A  f^^*-i,  >•  -^l  ui  upper 

The  organisation  is  said  to  be  of  the  Cotylopine  type,  but  the 

This  genus  probably  indicates  an  ancestral  type  of 
the  CotyloptdcB,  which  should  perhaps  be  referred  to  a  distinct  family 
it  IS,  however,  placed  by  Professor  Cope  near  the  Xiphodonts 
_   Family  Anoplotheriid^.— In  this  family  the  cheek-teeth  are 
imperfectly  selenodont ;  the  crowns  of  the  upper  true  molars  (fig 
1204)  carrying  five  columns,  three  of  which  are  placed  on  the 
anterior,  and  two  on  the  posterior  lobe,  or  half,  of  the  crown  All 
the  bones  of  the  Hmbs  and  feet  remain  distinct  from  one  another- 
and  there  is  no  descending  flange  at  the  angle  of  the  mandible! 
I  he  functional  digits  may  be  either  two  or  three  in  number  ■  and 
the  carpus  and  tarsus  of  the  original  genus  are  of  that  type  to  which 
the  name  inadaptive  has  been  applied.  1    The  anterior  premolars 
are  more  or  less  perfectly  secant ;  there  is  generally  no  diastema  in 
the  dental  series ;  and  the  canines  are  short  and  compressed,  and 
depart  very  widely  from  those  of  the  Anthracotheriidce  and  their 
allies,  in  which  they  resemble  the  corresponding  teeth  of  the 
Carnivora.    In  the  type  genus  Anoplotherium  (in  which  may  be 
included  Eurytherium  and  Diplohme)  the  dentition  (fig.  1204)  is 

usually  I.  ^   C.  ^  Pm.  ^,  M.  ^ ;  but  occasionally  the  first  lower 

3143 
premolar  is  wanting.    The  tail  (fig.  1203)  is  long;  the  functional 
digits  may  be  either  three  or  two ;  ^  and  the  third  upper  premolar  has 
a  well-developed  inner  tubercle.    In  the  typical  A.  conwtiine,  of  the 

1  In  the  inadaptive  modification  {Anoplotherium)  the  carpals  of  the  aborted 
digits  remain  as  useless  lateral  bones ;  while  in  the  adaptive  modification 
{Hyot/ieriu»i)  they  shift  their  position,  and  take  a  share  in  the  support  of  the 
large  persistent  digits. 

^  Prof.  Cope  has  suggested  that  the  forms  with  two  digits  should  be  excluded 
from  this  family,  but  it  is  the  type  species  which  presents  this  feature.  The  form 
with  three  functional  digits  is  indistinguishable  by  dental  characters  from  the 
typical  A.  commune  with  only  two. 
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Paris  gypsum,  the  columns  of  the  cheek-teeth  are  comparatively 
tall,  but  in  other  species,  like  A.  cayluxense  of  the  Quercy  Phos- 
phorites (fig.  1204),  they  are  shorter,  and  the  teeth  thus  approxi- 
mate to  those  of  the  brachydont  species  of  Hyopotanms.  This 
genus  is  confined  to  Europe,  and  is  characteristic  of  the  Upper 
Eocene  (Lower  Oligocene)  and  the  Miocene  of  Ronzon  in  Puy-en- 


Fig.  1Z03.— Skeleton  o{ Aiwplotheriutn  commune;  Upper  Eocene,  Europe.    Much  reduced 

Velay.  The  species  from  the  South  American  Tertiaries  originally 
referred  to  this  genus  is  now  known  as  Proterotherium,  and  is 
noticed  under  the  Perissodactyla.  The  largest  species  was  about 
the  size  of  a  Tapir.  Here  may  be  noticed  five  genera  from  the 
Quercy  Phosphorites,  some  of  which  appear,  on  the  whole,  to  be 
most  nearly  allied  to  Anoplotherium,  although  their  teeth  present 
certain  resemblances  to  those  of  the  Perissodactyla,  in  which  sub- 
order the  last  of  the  group  is  placed  by  some  writers.    Of  these 


Fig.  1204. — The  last  five  right  upper  cheek-teeth  of  Anoplotherium  cayluxense ; 
from  the  Upper  Eocene  of  France. 


genera  Adeotherium  is  characterised  by  the  extreme  complexity  of 
the  last  upper  premolar,  which  resembles  the  first  true  molar ; 
Metriotherium  is  only  known  by  the  mandible,  in  which  the  pre- 
molars are  simpler  than  in  the  type  genus ;  and  the  true  molars 
show  some  resemblance  to  those  of  Lophiomeryx ;  Mixtotherium, 
which  is  described  from  the  palate,  and  is  probably  identical  with 
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comnwf '™P^'  P''^'^^^^^^  ^  ^J'^..W  shows  less 
0  h  n'fol'fofthrr  while  those  of  approxiJat 
CO  me  molars  of  the  Tapmdce.  In  another  direction  we  have 
nacryi/^rnon  and  PksMacryikeruon,  from  the  Upper  Eocene  of 
France  and  England,  in  the  former  of  which  the  first'upper  incisors 
of  either  side  are  separated  from  one  another  by  a  wide  interval 
while  the  first  three  premolars  are  more  completely  secant  Than  m 

o  that'o?"^";.  J''  ^"k^  I^acrytkllun.l.A.  on  closely 

to  th^t  oi  Xiphodon,  which,  in  accordance  with  the  views  of  Pro- 
fessor Rutimeyer,  is  therefore  placed  in  the  same  family,  although 
some  writers  make  it  the  type  of  another  family,  which ''s  takenio 

include  either  Ccenotherium  (Flower),  or 
Dichodofi  (Schlosser).  The  true  molars 
are  hke  those  of  the  type  genus  A?ioplo- 
therium,  although  more  completely  seleno- 
dontj  but  the  first  three  premolars  (fig. 
.  1205. -The  last  two  left  ^^°s)  ^rc  much  elongated  and  com- 
=  ori-XX.^;-LI::.rr  ^"^         functional  digits  were 

the  Upper  Eocene  of  Hampshire.       redUCcd    tO    tWO    in    each    foOt.       In  the 

,      ,      .     ,  typical  forms  there  was  no  diastema  in 

the  dental  series  (which  comprises  the  full  typical  number),  but  in 
certain  smaller  forms,  separated  by  some  writers  under  the  name  of 
Xiphodontotheriwti,  a  distinct  diastema  was  developed.  The  Xipho- 
donts  were  animals  of  slender  build,  with  limb-bones  partly  re- 
sembling those  of  A7ioplotherium,  and  pardy  those  of  the  more 
specialised  Selenodonts  ;  they  are  characteristic  of  the  Upper 
Eocene  of  England  and  the  Continent,  the  largest  species  being 
X.  magnus,  and  the  smallest  X.  {XiphodonMherium)  seamdarius, 
of  the  Quercy  Phosphorites.  This  genus,  although  not  in  the  direct 
line,  shows  how  a  transition  can  be  effected  from  the  higher  Attthra- 
cothertidce  to  the  DichodontidcB.  Rhagatherium,  from  the  Upper 
Eocene  of  Switzerland,  is  an  allied  genus.  Finally,  Dr  Ameghino 
refers  to  this  family  the  genus  Brachytherium,  from  the  Tertiary  of 
South  America ;  while  Dr  Schlosser  would  include  in  it  the  genus 
Tetraseloftodon,  founded  on  teeth  from  the  Quercy  Phosphorites, 
which  have  only  four  columns  on  the  crown. 

Family  C^notheriid^. — Following  the  classification  of  Pro- 
fessor Riitimeyer  the  next  family  we  have  to  consider  is  that  of 
which  the  type  genus  is  Canotheritim.  All  the  genera  have  the  full 
complement  of  teeth,  and  there  are  usually  five  columns,  or  cusps, 
on  the  crowns  of  the  upper  true  molars  (which  may  be  either  seleno- 
dont  or  bunodont) ;  two  of  these  columns  being  placed  on  the 
anterior  and  three  on  the  posterior  lobe  of  the  teeth,  thus  reversing 
the  arrangement  obtaining  in  the  Anoplotheriidce.  The  type  genus 
Ccenotherium  comprises  a  number  of  species  of  small  animals  not 
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larger  than  a  Rabbit,  in  which  the  teeth  are  selenodont ;  the  ante- 
rior premolars  more  or  less  secant ;  the  auditory  bulte  inflated  (fig. 
1006)  and  the  feet  furnished  with  four  complete  digits.  These 
small  animals  probably  approximated  in  outward  appearance  to  the 
livin-  Chevrotains  {Tragulus)  of  the  Oriental  region.  In  the  typical 
forms  there  is  no  diastema  in  the  dental  series  ;  but  this  is  present 
in  other  species  to  which  the  name  Flesiomeryx  has  been  assigned 


Fig.  i'iO&.—  Cienotlterium  Filholi.    Upper  and  lower  views  of  the  cranium; 
from  the  Upper  Eocene  of  Caylux. 


by  some  writers.  The  limb-bones  show  characters  connecting  them 
both  with  the  Suida  and  the  Ruminants.  In  the  figured  cranium 
the  nasals  are  peculiar  for  terminating  in  a  point.  This  genus,  of 
which  the  names  ZooUgus  and  Microtheriuin  are  also  synonyms, 
ranges  from  the  Upper  Eocene  (Lower  Oligocene)  of  Vaucluse  to 
the  Lower  Miocene  (Upper  Oligocene)  of  Allien  An  allied  genus 
is  Mouillactherium,  of  the  Quercy  Phosphorites,  in  which  the  third 
upper  true  molar  has  but  four  columns ;  while  yet  another  allied 
form  from  the  same  deposits  has  received  the  name  Oxacron.  The 
European  Upper  Eocene  genus  Dichobunus  {Didymodon)  is  regarded 
by  Professor  Riitimeyer  as  a  bunodont  form  closely  allied  to  Cceno- 
therium ;  Dilotherium  and  Spaniotherium  being  kindred  genera 
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from  the  Quercy  Phosphorites.  The  limb-bones,  although  all  the 
four  digits  are  developed,  show  considerable  resemblances  to  those  of 
the  Ruminants,  and  it  has  been  thought  that  Dichobunus  may  have 
been  the  direct  ancestor  of  Gelocus.  Here  also  may  be  mentioned 
the  peculiar  Upper  Eocene  European  genus  Acothendum,  in  which 
the  general  form  of  the  skull  and  teeth  of  the  one  known  species 
seems  to  indicate  affinity  with  Dichobunus,  while  the  absence  of  the 
third  cusp  on  the  hinder  lobe  of  the  upper  true  molars,  and  the  more 
completely  bunodont  structure  of  these  teeth  apparently  indicates 
affinity  with  Cebochoerus  and  its  allies,  among  which  some  writers 
prefer  to  place  this  genus. 

Family  Dichodontid^.— According  to  the  views  of  Professor 
Rutimeyer  this  family  is  taken  to  include  several  genera  with  a  seleno- 
dont  dentition  in  which  the  upper  true  molars  have  four  columns  • 
the  type  genus  Dichodon  presenting  affinities  with  Xiphodoii,  while 
Gelocus  and  its  allies  are  closely  related  to  the  TragulidcE  and  the 
Cervida.  Other  writers,  however,  who  do  not  attach  such  import- 
ance to  the  structure  of  the  molars,  place  Dichodo7t  with  Xiphodon 
and  make  Gelocus  the  type  of  a  distinct  family.^    In  Dichodon  the 

dental  formula  is  I.  ^,  C.  ^,  Pm.  \  M.^;  the  upper  true  molars 

3        I  4  3 

having  concave  outer  surfaces  somewhat  like  those  of  Hyopotamiis, 
while  the  earlier  premolars  are  elongated  and  secant,  and  thus  ap- 
proach those  of  Xiphodon  ;  there  is  no  diastema.  The  limb-bones 
are  unknown,  but  it  is  probable  that  there  were  only  two  functional 

digits.  This  genus  occurs  in 
the  Upper  Eocene  of  Hamp- 
shire. In  Lophiomeryx  (fig. 
1207)  from  the  Upper  Eocene 
and  Lower  Miocene  of  the 
Continent,  the  hinder  inner 
crescent  of  the  upper  true 
Fig.  1207.— The  last  four  right  upper  cheek-teeth    molars  is  imperfectly  devcloD- 

of  Lophiomeryx  CliaUiniati ;  from  the  Quercy         ,  1     ,     ^        ,   ,  ^ 

Phosphorites.  cd,  and  the  first  lobe  of  the 

lower  true  molars  resembles 
that  of  Anoplotherium,  while  the  second  is  Ruminant-like.  The 
lower  molars  also  resemble  those  of  Metriotherium  (p.  1329),  and 
the  family  position  of  this  genus,  which  is  referred  by  Prof.  Cope 
to  the  Tragulidce,  is  still  doubtful.  Z.  Gaudryi  from  the  Quercy 
Phosphorites  has  been  made  the  type  of  the  genus  Cryfitomeryx. 
In  Gelocus,  from  the  Quercy  Phosphorites  and  Lower  Miocene  of 
Puy-en-Velay,  it  is  not  known  whether  upper  incisors  were  present ; 


^  Prof.  Cope  would  include  in  this  family  the  type  genus  and  the  American 
Agriochxrus  and  Colorcodon. 
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but  the  upper  molars  have  low  columns,  with  wide  and  open 
valleys  the  external  surface  of  each  lobe  resemblmg  that  of  Dich- 
odon  '  The  navicular  and  cuboid  bones  of  the  tarsus  were  united, 
and  the  metatarsals  fused  into  a  cannon-bone,  although  the  meta- 
carpals were  distinct.  Allied  to  this  genus  are  Fhaneromeryx 
and  Protomeryx  of  the  Upper  Eocene  of  France ;  while  Chi^ro- 
meryx  of  the  Siwaliks  of  India  may  be  provisionally  referred  to  this 

AMiLY  Tragulid^.— The  fossil  forms  included  in  this  family 
indicate  a  transition  from  the  typical  genus  on  the  one  hand  to  the 
DichodontidcE,  and  on  the  other  to  the  Cervidcz.  The  upper  true 
molars  have  four  columns,  and  the  earlier  premolars  are  more  or  less 
completely  secant.  None  of  the  genera  were  furnished  with  antlers, 
and  it  is  probable  that  upper  incisors  were  likewise  always  absent. 
In  the  existing  forms 
the  upper  canines  of  the 
males  (fig.  1208)  are  in 
the  shape  of  tusks ;  there 
is  a  long  diastema  in 
both  jaws;  the  third 
stomach,  or  'psalterium,' 
is  wanting  ;  and  the  pla- 
centa is  diffuse.  The 
feet  have  supplementary 
toes,  and  the  metacar- 
pals of  the  third  and 

fourth  digits  either  unite  late  in  life  to  form  a  cannon-bone,  or  re- 
main (as  in  Hyomoschus)  permanently  separate.  Bachitherium  of 
the  Quercy  Phosphorites,  in  which  there  are  three  premolars  in  each 
jaw,  shows  resemblances  both  with  Gelocus,  Hyoiiioschus,  and  Pro- 
dremotherium  ;  the  upper  teeth  being  very  similar  to  those  of  the 
latter.     In  Dorcatherium,  with  which  the  existing  Hyo?noschus  of 


Fig. 


1208. — Reduced  side  view  of  the  skull  of 
Traguhis  javanicus. 


Africa  appears  generically  identical,  the  premolars  are 


(3-4)' 


and  are 


of  a  secant  type,  and  thus  indicate  affinity  with  the  Dichodontida. ; 
this  genus  is  found  in  the  Middle  Miocene  and  Lower  Pliocene  of 
the  Continent,  and  also  in  the  Pliocene  of  India.  Tragulus,  which 
differs  by  the  fusion  of  its  metapodials  into  cannon-bones,  and  by 
never  having  more  than  three  lower  premolars,  is  now  confined  to 
the  Oriental  region,  and  is  represented  by  one  species  in  the  Plio- 
cene of  India.  Leptomeryx,  from  the  Miocene  of  North  America, 
has  four  premolars,  of  which  the  first  three  are  simply  secant  as  in 
Tragulus,  while  the  fourth  has  an  inner  tubercle ;  there  are  four 
separate  metacarpals,  but  the  third  and  fourth  metatarsals  form  a 
cannon-bone,  as  in  Gelocus.    In  Prodremotherium,  of  the  Quercy 
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Phosphorites,  the  dentition  is  almost,  if  not  quite,  indistinguisliable 
irom  that  of  Leptomeryx,  but  cannon-bones  are  found  in  both  limbs 
although  the  union  of  the  factors  in  the  anterior  ones  is  less  complete 
than  in  the  others.  These  two  genera  apparently  connect  Gelocus  so 
completely  with  the  cervine  Palceomeryx,  that  we  can  have  no  hesi- 
tation in  regarding  them  as  representing  the  direct  line  of  the 
descent  of  the  Cennda  from  the  Dichodontidce  ;  while  we  must  con- 
sider the  existing  Tragulidm  as  lateral  offshoots  from  some  nearly 
allied  primitive  stock.  Hypertragulus,  from  the  Miocene  of  North 
America,  appears  to  be  a  form  closely  allied  to  Leptomeryx,  but  with 
the  metatarsals  separate. 

Family  Poebrotheriid^. — We  must  here  leave  for  a  short  time 
the  connection  between  the  Tragultdce  and  the  Cervidce,  to  consider 
the  Camels  and  their  allies,  whose  nearest  existing  relations  are  to 
be  found  in  the  former  family.  The  Poebrotheriidcz  are  represented 
typically  by  the  genus  Poebrotherium,  of  the  North  American  Mio- 
cene, in  which  the  dental  formula  is  /      C.      Pm.^  M.  ^  The 

3143' 
structure  of  the  cheek-teeth  is  selenodont ;  in  the  feet  the  third  and 

fourth  metacarpals  remain  distinct,  the  second  and  third  being  rudi- 
mentary; the  carpus  has  a  trapezium ;  and  the  navicular  and  cuboid 
are  not  fused  together.  The  structure  of  the  cervical  vertebra  is 
the  same  as  in  the  Camelidcz,  of  which  this  family  may  be  regarded 
as  the  ancestral  type;  but  in  other  respects  there  are  signs  of 
affinity  with  the  Tragulidce.  The  type  species  of  Poebrotherium  was 
scarcely  larger  than  a  Fox.  In  the  John  Day  Miocene  of  Oregon 
an  allied  form  has  received  the  name  of  Gomphothermm ;  while 
Leptotragulus  of  the  Upper  Eocene  of  the  United  States  may  be 
the  ancestral  form  of  both  the  Miocene  genera. 

Family  Camelid^. — In  the  Camels  the  cheek-teeth  are  seleno- 
dont and  quadricolumnar,  but  of  somewhat  simpler  structure  than 
those  of  the  following  families.  The  navicular  and  cuboid  remain 
distinct,  but  the  metapodials  unite  to  form  a  cannon-bone.  At 
least  one  pair  of  upper  incisors  is  present;  and  in  the  cervical  verte- 
brae the  arterial  canal  passes  obliquely  through  the  anterior  part  of 
the  pedicle  of  the  neural  arch,  and  is  thus  confluent  posteriorly  with 
the  neural  canal ;  a  similar  condition  prevailing  in  Macrauchenia 
among  the  Perissodactyla.  At  the  present  day  this  family  is  repre- 
sented by  Camelus  of  the  Old,  and  Auchenia  of  the  New  World  ; 
but  it  appears  to  have  originated  in  the  latter,  where  a  large  number 
of  forms  have  been  found.  The  most  generalised  member  is 
Protolabis,  of  the  Miocene  of  the  United  States,  in  which  the  denti- 
tion is  numerically  the  same  as  in  Poebrotherium,  on  which  grounds 
Professor  Cope  makes  it  the  type  of  a  distinct  family.  In  Pro- 
camelus  (fig.  12 10,  b,  c)  of  the  Lower  Pliocene  or  Upper  Miocene 
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of  the  same  area,  the  incisors  were  reduced  (as  in  all  the  other  forms) 
to  -,  but  there  were  still  four  premolars,  although  the  first  is  isolated 

and  the  second  very  small.  Pliauchenia  (which  is  perhaps  identical 
with  Homocamelus)  has  only  three  lower  premolars,  and  occurs  in  the 


Fig.  1209. — Left  lateral  view  of  the  skull  of  the  Camel  (Camelus  bac/rianus).  Reduced. 
7,  Upper  incisor  ;  c,  c,  Canines  ;  ^m,  Isolated  premolar.  The  maxillo-premaxillary  suture  should 
have  been  placed  in  front  of  c  instead  of  in  front  of/itn. 

Loup-Fork-beds  of  North  America.     In  Camelus  again  (fig.  1209) 

2 

the  normal  adult  formula  of  the  cheek-teeth  is  Fm.      M.  -  ;  the 

3  3 

first  upper  premolar  being  canine-like,  and  separated  by  a  long 
interval  from  the  penultimate  tooth  of  that  series.  This  genus  is 
confined  to  the  Old  World;  the  earliest  known  species  occurring  in 
the  Pliocene  of  India,  and  another  form  (C.  Thomasi)  in  the  Pleisto- 
cene of  Algeria.  The  molars  of  the  Siwalik  species  show  characters 
now  only  found  in  Auchenia.    The  latter  generic  term  is  here  taken 


Fig.  1210. — A,  First  left  lower  true  molar  of  Auchenia  hesterna.  Pleistocene,  California;  b, 
Fourth  right  upper  premolar  and  first  true  molar  of  Pracaiiieliis  virginietisis,  Miocene,  North 
America ;  c.  Third  right  lower  true  molar  of  do. 

to  include  a  number  of  fossil  New  World  forms  some  of  which 
have  been  generically  separated  under  the  names  of  Hemiaiichenia. 
Palauchenia,  Frotauchenia,  Holomeniscus,  and  Eschatius.     In  the 
VOL.  IL  2  F 
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existing  species,  which  occur  fossil  in  the  caves  of  Brazil,  the  pre- 

molars  are  normally  -  in  number,  but  there  is  often  but  one  of 

2 

these  teeth  in  the  lower  jaw ;  in  A.  {Palauchenia)  magna  from  the 
Pleistocene  of  Mexico,  there  were  always  two  and  occasionally  three 
lower  premolars;  while  in  a  Pleistocene  South  American  species 
{Hemiauchenia)  there  were  three  premolars  in  both  jaws.  In  A. 
{Holo7neniscus)  hesterna  (fig.  12 10,  a),  from  the  Pleistocene  of  North 
America,  on  the  other  hand,  the  premolars  were  reduced  to  one  in 

each  jaw ;  while  A.  {Eschatius) 
vitakeriana  has  the  same  num- 
ber, but  is  distinguished  by  the 
simpler  nature  of  the  upper  one. 
The  majority  of  the  species  were 
of  comparatively  small  size,  but 
A.  magna  and  A.  hesterna  were 
equal  in  bulk  to  the  Camels  of 
the  present  day. 

Family  Cervid^e. — The  pres- 
ent and  three  following  families 
of  the  suborder  collectively 
constitute  the  Pecora  of  re- 
cent Zoology  ; — a  group  well 
defined  at  the  present  day, 
^  but,  as  already  mentioned, 
connected  in  past  epochs  most 
intimately  by  this  family  with 
the  Tragulidce.  The  dentition 
of  the  entire  group  is  usually 

/°    C.  Fn>.  -5,  M.  l; 

3  I  3.3 

upper  incisors  being  invariably 
absent.  The  true  molars  are 
perfectly  selenodont,  and  the 
upper  ones  carry  four  columns  ; 
the  second  premolar  is  always 
in  contact  with  the  third  ;  there 
is  a  long  interval,  or  diastema. 
Fig  i2n.— A,  Dorsal  aspect  of  the  right  manus  between  the  lowcr  premolars 
of  Ox(5aWa«rK^);,B,  Do.  ofright  pes  of  Red-       ,  ranine  •  and  the  latter  is 

T>eer  Cccrvus  elafihus).  Reduced.  <:«,  Carpus ;  anO  Caume ,  anu  UlC  uutci  o 
ia,  Tarsus ;  c,  Metapodium  (cannon-bone).  approximated    tO,     and  ClOSCly 

resembles  the  incisors.  The 
third  and  fourth  metapodials  (fig.  1211)  coalesce  into  a  cannon- 
bone  ;  the  navicular  and  cuboid  of  the  tarsus  are  likewise  united ; 
and  the  odontoid  process  of  the  axis  vertebra  forms  a  spout-like 
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half-cylinder.  Moreover,  in  all  existing  members  of  this  group 
the  lateral  metapodials  are  either  incomplete  or  totally  wanting 
(fig.  121 1);  the  stomach  is  composed  of  four  complete  cavities; 
and  the  placenta  develops  structures  known  as  cotyledons.  On  the 
skull  either  horns  or  antlers  are  very  generally  present,  at  least  in 
the  males  of  recent  forms. 

In  the  Cervidce  upper  canines  are  generally  present,  although 
with  a  few  exceptions  they  are  of  comparatively  small  size;  the 
cheek-teeth,  and  more  especially  in  the  earlier  forms,  are  very 
generally  of  a  more  or  less  brachydont  structure,  the  first  true 
molar  being  invariably  of  this  type;  and  the  upper  premolars 
always  have  both  an  inner  and  an  outer  column,  and  are 
never  simply  secant  like  those  of  the  existing  TragulidcB.  In 
the  skull  there  is  always  a  large  vacuity  in  front  of  the  lachry- 
mal, which  prevents  that  bone  from  articulating  with  the  nasal. 
In  a  large  number  of  forms  antlers  are  present  in  the  male, 
and  in  Rangifer  also  in  the  female.  Antlers,  it  may  be  ob- 
served, are  outgrowths  of  true  bone  arising  from   the  frontal 


Fig.  1212.— Reduced  left  lateral  aspect  of  the  skull  of  the  Roebuck  {Ca/ireolus  cafrea). 

region  of  the  skull  (fig.  12 12),  which  during  their  development 
are  invested  with  a  vascular,  hairy  skin.  On  the  completion  of 
their  growth  a  constriction  of  the  blood-vessels  near  their  base  is 
usually  brought  about  by  the  formation  of  a  burr,  and  above 
this  point  the  skin  peels  off  and  leaves  the  bone  bare  and  in- 
sensible ;  after  a  time  the  antler  is  shed,  leaving  a  more  or  less 
elongated  pedicle  attached  to  the  skull,  from  which  a  new  antler 
is  developed.  In  young  animals  the  antlers  are  simple,  and  in 
those  species  in  which  they  finally  attain  a  great  complexity,  this 
is  acquired  gradually  in  successive  annual  growths.  Each  antler 
always  consists  of  a  main  stem  or  beajtt,  and  usually  of  one  or  more 
branches  or  tines ;  of  which  the  one  immediately  above  the  burr 
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is  termed  the  3ro7v-tme.  The  lateral  digits  are  nearly  always 
present,  and  the  distal  extremities  of  the  metapodials  may  be  pre- 
served. The  existing  Deer  have  been  divided  into  the  Plesiometa- 
carpalia  {Cervus  and  Cervulus),  and  the  Telemetacarpalia  {Alces, 
Capreolus,  Cariacus,  and  Rangifer);  the  former,  which  mainly  in- 
habit the  Old  World,  characterised  by  the  retention  of  the  proximal, 
and  the  latter  of  the  distal  extremities  of  the  lateral  metacarpals. 
As  in  many  analogous  instances,  the  development  of  the  antlers  of 
the  individual  is  paralleled  by  their  development  in  the  family ; 
since  we  find  that  many  of  the  earlier  members  were  totally  un- 
provided with  these  appendages,  and  that  their  extreme  complexity 
in  the  more  specialised  forms  was  not  acquired  until  a  late  period 
in  the  geological  scale. 

The  least  specialised  members  of  this  family  form  the  closely 
allied  extinct  genera  Amphitragulus  and  Palaomeryx.  In  the  former 
there  are  four  lower  premolars,  and  antlers  were  entirely  absent ;  the 
crowns  of  the  molars  being  low.  The  largest  species  was  somewhat 
bigger  than  the  Musk-Deer,  and  the  genus  is  characteristic  of  the 
Lower  Miocene  of  the  Contment.  Palaomeryx  {Dretnotherhan, 
Dicroceros,  and  Micromeryx  being  included)  has  only  three  lower 
premolars,  except  in  one  species ;  and  the  upper  true  molars  (fig. 
1 2 13),  like  those  of  Amphitragulus,  were  brachydont,  and  had  no 
distinct  accessory  column  between  the  inner 
crescents.  In  one  species  Feignouxi)  the 
lateral  metacarpals  were  perfect,  although  very 
slender,  and  the  males  had  long  upper  canines 
like  those  of  the  Musk-Deer,  but  no  antlers  ; 
this  species  being  the  earliest,  and  occurring 
in  the  Lower  Miocene  of  France.  In  P.  fur- 
cahis  {Dicroceros  elegans),  of  the  Middle  Mio- 
^  ,  cene,  simple  antlers  were,  however,  present, 

Fig.  1213.  — Left  upper  j  V,  •  ^1  11  n 

true  molar  of  Paimomeryx  and  the  canmcs  werc  apparently  small.  P. 
sn^i-^nsis.    Pliocene,  In-  French  Middle  Miocene,  and 

P.  sivalensis  (fig.  12 13),  of  the  Pliocene  of 
India,  were  as  large  as  a  Red  Deer ;  and  the  latter  species,  together 
with  another  from  the  Pliocene  of  China,  were  the  last  representa- 
tives of  the  genus,  of  which  the  latest  appearance  in  Europe  is  in 
the  Middle  Miocene  of  Sansan,  in  France.  Platyprosopns,  from  the 
latter  beds,  is  distinguished  by  the  great  projection  of  the  angle  of 
the  mandible.  To  the  existing  Oriental  genus  Cervulus,  in  which 
the  molars  are  more  hypsodont,  and  simple  antlers  mounted  on  a 
long  pedicle  are  present,  may  be  provisionally  referred  C.  dicrano- 
ceros  (fig.  1 2 14,  a),  of  the  Pliocene  of  Eppelsheim.  There  is  some 
uncertainty  as  to  the  earliest  appearance  of  the  genus  Cervus,  but  it 
not  improbably  dates  from  the  Middle  Miocene,  and  was  abundant 
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in  the  Lower  Pliocene;  at  the  present  day  it  ranges  throughout  he 
Paleearctic  region,  but  is  unknown  in  the  Ethiopian  region  and  the 
heater  part  of  America.  This  genus,  as  we  have  aheady  observed 
belongs  to  the  Plesiometacarpalian  section;  the  antlers  may  be  of 


Fie  1214  —A,  Antler  of  Cenmlus  (?)  rf;cra«o«rw-Pliocene  ;  B,  Antler  of  Cenms  fiardinensis 
-Pliocene  ;  c,  Antler  of  the  Red  Deer  {Cervus  elaphus)  m  the  second  year  ;  d  Antler  of  the 
same  in  its  fully-grown  condition  ;  E,  Antler  and  bony  pedicle  of  the  frontal  bone  of  the  Muntjak 
(Cervultts  muntjak) ;  F,  Antler  of  the  Fallow  Deer  (Cotus  daina). 

extreme  complexity ;  and  the  hinder  molars  are  either  brachy-  or 
hypsodont,  there  being  frequently  an  inner  accessory  column  in  the 
upper  true  molars. 

The  genus  is  divided  into  a  number  of  groups,  of  which  the  distribution 
can  only  be  briefly  noticed.  The  most  aberrant  is  the  Tetracerotine 
group,  formed  by  Cervus  tetraceros  of  the  French  Pliocene,  in  which  the 
antlers  approximate  to  those  of  Cariacus.  The  Axine  group,  now  con- 
fined to  the  Oi-iental  region,  in  which  the  molars  are  more  hypsodont 
than  usual,  and  the  antlers  are  rounded  and  comparatively  simple,  is 
represented  by  several  species,  such  as  C.pardinensis  (fig.  1214,  b),  in  the 
Pliocene  of  Europe,  while  the  living  C.  axis  occurs  in  the  Pleistocene  of 
Madras.  The  Oriental  Rucervijie  group  has  a  representative  in  C.  siva- 
lensis,  of  the  Pliocene  of  India ;  while  the  allied  Rusine  group,  of  the 
same  region,  in  which  the  antlers  are  still  comparatively  simple,  and 
with  their  beam  often  strongly  grooved,  is  known  in  a  fossil  state  by  the 
remains  of  existing  species  from  the  Pleistocene  of  India.  In  the  Ela- 
phine  group,  which  includes  the  Canadian  Wapiti  (C.  canadetisis),  the  Red 
Deer  (C.  elaphus)  of  Europe  and  North  Africa,  together  with  some  large 
species  from  the  Palasarcdc  region,  the  antlers  (fig.  12 14,  C,  d),  although 
still  rounded,  are  often  cupped  at  their  summits,  and  carry  a  second, 
or  bez-tine,  immediately  above  the  brow-tine.  In  this  group  remains 
referable  to  the  existing  Red  Deer  (C.  elaphus)  are  of  common  occurrence 
in  the  Pleistocene  of  Europe.  Some  of  the  fossil  antlers  and  jaws  indi- 
cate, however,  much  larger  animals  than  any  Red  Deer  now  existing, 
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'/  ^^^J"^^?  suggested  that  these  remains  belong  either  to  Cervus 

Both  these  fornis  are,  however,  closely  allied  to  the  Red  Deer  and  k 
appears  preferable  to  regard  all  the  European  fossils  as  referaiDk  to  a 
ingle  species  from  which  the  three  existing  types  are  derived  il  ere 
IS,  however,  the  name  C.  s^elcBus  for  the  large  fossil  form  (which  is  of 
.rJf  "^^p  '^'^"^^^^  ^-  if  thaf  be  really  dist  net  from  C 

fhf  Unked  IS'es '  ^^'^"'^  PleistoceTe  of 

FnT?<ft  iST^'"^^^'.'L'''''Tf  gr°"P,.comprises  C.  Sedgwicki  of  the  Norfolk 
I-orest-bed  and  the  Upper  Pliocene  of  Italy,  in  which  the  antlers  are 


Ki(j.  1215.— Skeleton  of  the  Irish  D&eT  (Cervus  giganteus) ;  from  the  Pleistocene  of  Ireland. 
Greatly  reduced.    (After  Owen.) 


more  complex  than  in  any  other  species.  In  the  Damine  group  the 
antlers  (fig.  12 14,  f)  have  their  terminations  palmated,  and  the  brow-tine 
simple  ;  the  existing  Fallow-Deer  (C  dania)  occurs  in  the  bone-caves  of 
Gibraltar,  while  allied  forms  are  found  in  the  English  Forest-bed  and 
Crag  ;  the  most  noteworthy  being  C.  verticornis,  in  which  the  brow-tine 
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,3  bent  sharply  ^^^^^^'^^^^ 
mention  here  is  ^^^^fff'^'^^XarZ^^  by  its  enormous  palmated 
iCe>^"^.f^-fJ^^^^^  from  the  plane  of  the 

antlers  (^f  •  '^,'2e  a  disth  ct  Jr)  and  bez-  (B.)  tine,  and  a  small 

the  tips  of  the  antlers. 

Passing  to  the  Telemetacarpalian  genus  Jiangi/er,  which  is  at  once 
characteried  by  the  peculiar  form  of  the  antlers  and  their  presence 
L  both  sexes,  w'e  find  remains  of  the  existing  Reindeer  (i?.  farandus), 


Fig.  1216.— Skull  and  antlers     Cervus gigajtieus.    Reduced.    Br,  Brow,  Bz,  Bez-,  PT, 
Posterior  tine.    (After  Scott.) 

now  confined  to  the  higher  latitudes  of  the  Northern  Hemisphere, 
abundant  in  the  Pleistocene  of  a  large  portion  of  Europe.    In  Alces 
the  Elk,  or  Moose  {A.  machlis),  of  the  northern  parts  of  Europe  and 
America,  occurs  in  the  Pleistocene  of  the  same  regions  ;  while  an  ex- 
tinct species  has  been  described  from  the  Norfolk  Forest-bed.  The 
antlers  (fig.  12 17)  have  no  bez-,  and  apparently  no  brow-tine,  but 
are  divided  into  an  anterior  forked  branch  {A)  and  a  posterior  pal- 
mated one  {F).    A  very  remarkable  form  from  the  Pleistocene  of 
North  America,  described  under  the  name  of  Cervalces,  appears  to 
connect  Alces  with  Cervus,  although  it  belongs  clearly  to  the  Tele- 
metacarpalian section.    Thus  the  antlers  (fig.  12 18)  are  superiorly 
divided  into  an  anterior  {A)  and  posterior  {F)  branch ;  but  below 
the  latter  there  occur  two  tines  {Bz  and  FT),  which  Dr  Scott 
regards  as  probably  corresponding  to  the  bez-  and  posterior  tines 
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fLJ^  ."^"^        "^^y  'ikewise  trace  an  intermediate 

type  in  the  vertical  height  of  the  skull,  and  the  form  andTonnec 
tions  of  the  nasal  and  premaxillary  bones.  In  Ca/^../^rvvhere  the 
antlers  are  simple  and  rounded,  the  existing  Roe  (C  ^^^^ 

F  encte  "       ^""'TT  P'-^— ;  Ihile  cLZsoft 
rench  Pliocene,  is  regarded  as  the  ancestor  of  that  species  •  and 
the  pecuhar  C.  Matheroni,  of  the  Lower  Pliocene  of  both  Greece 
and  France  IS  provisionally  referred  to  the  same  genus.  Canals 
agam,  which  is  peculiar  to  the  New  World,  and  is  charact  rTed 


Fig.  1217.— Skull  and  antlers  of  the  Elk  {Alces  machlis.)   Reduced.    A,  Anterior; 
B,  Posterior  branch.    (After  .Scott.) 

either  by  very  simple  prong-like  antlers,  or  by  a  more  complex  form 
totally  unlike  those  of  any  existing  European  members  of  the  family, 
is  represented  by  several  existing,  and  perhaps  by  some  extinct, 
species  in  the  Pleistocene  of  South  America.  Lastly,  it  should  be 
observed  that  antlered  Deer  occur  in  the  Tertiaries  of  North 
America,  and  the  name  Blasto?neryx  has  been  applied  to  one  form 
which  is  regarded  as  the  ancestor  of  Cariacus. 

All  the  preceding  existing  genera  belong  to  the  subfamily  Ceroince, 
but  the  Musk-Deer  {Mosc/ms),  of  the  Himalaya  and  regions  to  the 
northward,  is  the  type  of  a  second  subfamily— the  Moschitia.  This 
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genus  in  which  there  are  no  antlers,  and  the  upper  canines  of  the 
male  'attain  an  excessive  development,  not  improbably  occurs  fossil 
in  the  Pliocene  of  the  Siwalik  Hills. 

Family  Giraffid^.— In  this  family,  which  is  taken  to  include 
the  SivatheriidcB  of  some  authors,  the  cranial  appendages,  when 
present,  appear  to  be  intermediate  in  character  between  those  of 
the  Bovida  and  Ceruidce.    The  teeth  are  more  or  less  brachydont, 

and  invested  with  a  rugose  enamel ;  their  number  being  I.      C.  -, 

Pm  -  M.  -.    The  type  genus  Giraffa  {Camelopardalis),  which  at 
3'  3 

the  present  day  is  represented  only  by  G.  camelopardalis  of  Africa, 
is  closely  allied  to  the  Cervidce,  in  which  family  it  is  included  by 
Professor  Riitimeyer;  the  frontal  appendages  consist  of  a  pair  of 


FT 


Fig.  1218.— Skull  and  antlers  oi  Cervalces  americanus ;  from  the  Pleistocene  of  North  America. 
Reduced.    Letters  as  in  figs.  1216  and  1217.    (After  Scott.) 

short,  erect,  bony  processes,  at  first  connected  by  suture,  but  subse- 
quently anchylosed  to  the  skull,  which  are  covered  with  hairy  skin, 
and  are  present  in  both  sexes.  Anteriorly  to  these  there  is  a  median 
process  on  the  frontals  and  nasals,  which  is  sometimes  termed  a 
third  horn.  There  are  no  traces  of  lateral  digits ;  the  humerus  has 
a  double  bicipital  groove  \  there  is  a  lachrymal  vacuity  in  the 
cranium ;  and  the  neck  and  limbs  are  enormously  elongated. 
Fossil  species  occur  in  the  Lower  Pliocene  of  Greece,  Persia, 
India,  and  China.  Vishnutherium,  of  the  Siwaliks  of  Burma  and 
India,  appears  to  be  an  allied  genus,  with  shorter  limbs,  but  the 
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cranium  is  unfortunately  unknown.  The  next  place  in  the  series 
IS  occupied  by  Helladotherium,  of  the  Lower  Pliocene  of  Greece 
India,  and  perhaps  Persia,  in  which  the  cranium  is  devoid  of  ap- 
pendages, and  the  molar  teeth  become  more  like  those  of  the  Elk 
The  hmbs  are  comparatively  short  and  stout;  the  cranium  has  no 
lachrymal  vacuity ;  and  the  one  known  species  was  of  considerably 
greater  bulk  than  the  Giraffe.  With  Hydaspitherium,  of  the  Pliocene 
of  North-western  India,  we  enter  the  group  in  which  the  cranium 
was  provided  with  large  branching  antler-like  appendages,  although 
the  exact  nature  of  their  covering  is  unknown.  These  appendages 
in  this  genus  rise  from  a  common  base  situated  immediately  in 
advance  of  the  occiput,  but  their  form  is  not  known ;  there  were 
lachrymal  vacuities  in  the  cranium.  An  apparently  allied  form, 
from  the  Pliocene  of  Persia,  has  been  named  Urtniatherium.  In 
Bramatherium,  of  the  Pliocene  of  Western  India,  there  were  two 


Fig.  \2x<j.—%'ka\\o{  Sivatherittm  giganteum;  reduced.    Pliocene,  India.    The  position  of 
the  hinder  antlers  should  probably  be  reversed. 


pairs  of  these  antler-like  appendages,  the  anterior  pair  arising  from 
a  common  base,  and  being  of  large  size.  Lastly,  we  have  Siva- 
theriiitn  (fig.  12 19),  of  the  Pliocene  Siwaliks  of  North-eastern  India, 
in  which  the  neck  and  limbs  were  not  developed  beyond  the  normal 
proportions.  There  are  two  pairs  of  cranial  appendages,  the  bases 
of  each  being  separate.    The  anterior  pair  are  conical,  like  those  of 
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the  Giraffe  •  while  the  posterior  ones  are  palmate,  and  resemble  the 
antlers  of  the  Elk.  The  latter  pair  are  marked  by  the  impressions 
of  large  blood-vessels,  as  in  the  Cervidce,  but  do  not  show  the  burr 
characteristic  of  that  family,  from  which  it  is  inferred  that  they  were 
not  shed  There  is  no  lachrymal  vacuity  in  the  cranium  ;  the  nasals 
are  short  and  arched;  and  the  bones  of  the  skeleton  approximate 
in  structure  to  those  of  the  Cervidce.  Some  authorities  regard  this 
genus  as  most  closely  aUied  to  brachydont  Antelopes  like  Strepsi- 
ceros  but  it  appears  to  be  so  intimately  connected  with  the  preced- 
ing forms  that  it  seems  imperative  to  place  it  in  the  same  family, 
although  it  may  indicate  an  approximation  to  the  Bovtda. 

The  remarkable  genus  Samotherimn,  of  the  Lower  Pliocene  of 
the  Isle  of  Samos,  is  referred  by  Dr  Forsyth-Major  to  the  present 
family,  although  its  skull  makes  a  remarkable  approximation  to  that 
of  the  antelopoid  genus  Falceotragus.  The  females  were  hornless, 
but  the  males  had  a  pair  of  small  horns  immediately  above  the 
orbit.  The  molars  are  described  as  being  very  like  those  of  the 
Giraffe. 

Family  Antilocaprid^. — This  family  is  now  represented  only 
by  the  American  Prong-buck  {Antilocapra),  in  which  the  horns  are 
of  the  same  nature  as  in  the  BovidcE,  but  differ  in  being  bifurcated, 
and  in  the  shedding  of  their  sheath.  Remains  of  Antilocapra  occur 
in  the  Pleistocene  of  North  America ;  and  it  is  thought  that  Cosoryx, 
of  the  Pliocene  of  the  same  country,  may  have  been  the  direct  an- 
cestor of  the  existing  genus. 

Family  Bovid^. — In  this,  the  last,  family  are  comprised  the 
most  specialised  members  of  the  whole  suborder,  such  as  the 
Antelopes,  Goats,  Sheep,  and  Oxen.  The  general  characters  of 
the  greater  part  of  the  skeleton  are  the  same  as  those  mentioned 
under  the  head  of  the  Cervidce;  but  a  remarkable  difference  is 
found  in  respect  of  the  frontal  appendages.  These  appendages 
(fig.  1222)  are  paired,  and  consist  of  persistent  bony  processes,  into 
which  the  air-cells  from  the  frontal  diploe  often  extend ;  they  are 
generally  subconical  or  triangular,  and  often  twisted,  but  never 
branched.  These  "  horn-cores,"  as  they  are  termed,  are  covered 
with  the  true  horns,  which  are  composed  of  an  epidermal  fibrous 
structure,  and  are  never  shed.  The  males  of  all  existing  genera  in 
the  wild  state  are  furnished  with  these  horns,  and  they  are  also 
present,  although  of  smaller  size,  in  the  females  of  the  great 
majority.  In  certain  domesticated  races  of  so-called  polled  Sheep 
(fig.  1220),  Goats,  and  Cattle,  the  horns  are,  however,  wanting  in 
both  sexes ;  and  this  peculiarity  is  with  great  probability  regarded 
as  an  instance  of  reversion,  since  these  appendages  are  also  wanting 
in  some  allied  Tertiary  forms  of  two  of  these  groups.  In  the 
cranium  there  is  generally  no  lachrymal  vacuity,  and  the  lachrymal 
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consequently  articulates  largely  with  the  nasal  (fig.  1220)-  but  in 
certain  Antelopes  this  vacuity  is  present,  when  the  relations  of  these 
bones  are  the  same  as  in  the  Cervidce.  Another  very  characteristic 
teature  of  the  Bovida,  as  a  whole,  is  the  hypsodont  character  of 
their  cheek-dentition.  In  many  of  the  Antelopes  (fig.  1221)  this 
feature  is  only  moderately  developed,  but  in  the  Sheep,  Goats  and 
Oxen  It  IS  carried  to  an  excessive  degree ;  and  in  the  latter  Jroup 
the  valleys  of  the  teeth  are  filled  up  by  a  coating  of  cement  This 
feature,  like  that  of  the  relations  of  the  lachrymal,  is,  however  not 
absolutely  distinctive  of  the  Bovidce,  since  we  find  many  Antelopes 


Fig.  i220.-SkuU  of  a  hornless  Sheep  (flvis)     Reduced.    /,  Incisors  ;  c,  Canines  ;  m,  Cheek- 
teeth  /;«^  Premaxilla;  ,nx.  Maxilla;  na,  Nasal;  /,  Lachrymal ;  y«,  Jugal;y>-,  Frontal; 
r'anetal.    (After  Owen.)  •  ^  o         ,  %  j-  < 


(and  especially  those  having  a  lachrymal  vacuity)  with  a  decidedly 
brachydont  dentition.  The  upper  true  molars  frequently  have  a 
large  accessory  inner  column  (fig.  1221).  Functional  canines  are 
wanting  in  all  existing  forms.  The  lateral  digits  may  or  may  not 
be  present,  but  in  no  living  form  is  there  a  distal  remnant  of  the 
lateral  metapodials. 

This  family  does  not  apparently  date  further  back  than  the 
Middle  Miocene,  where  it  is  represented  by  members  of  its  least 
specialised  group,  the  Antelopes;  the  Sheep  and  Oxen  not  ap- 
pearing till  the  Pliocene.  It  has  been  suggested  that  the  family 
originated  from  the  same  ancestral  forms  as  the  Cervida. 

Commencing  with  the  Antelopes,  and  confining  our  attention  to 
those  forms  in  which  the  genus  has  been  more  or  less  accurately 
determined,  we  find  in  the  Alcelaphine  section,  which  is  now  con- 
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fined  to  Africa  and  Syria,  the  existing  genus  Alcelaphus  represented 
fn  l  Lt  Terdaries'of  Algeria,  and  also  in  the  Phocene  S:wahks 

f  T  .it  the  snecies  from  the  latter  deposits  being  apparently 
^  lied  both  to%h  H?rtebeast  ^A.  caama)  and  the  Bontebock 
tlarzX  These  antelopes  have  recurved  or  lyre-shaped  horns ; 
S^kull  has  no  supraorbital  pits,  and  may  have  a  ve^y  lc,ng 
facT  while  the  molar  teeth  are  very  narrow.  In  the  Cephalopine 
section,  comprising  Indian  and  African  species  of  comparatively 

mall  Jize,  the  existing  Four-horned  Kr^^Ao^^ yetraceros  quadrt- 
Znis)  is  found  in  a  fossil  state  in  the  cave-deposits  of  Madras ; 


Fig  i22i.-Inner  and  outer  views  of  the  second  left  upper  true  molar  of  the  Nilghai 
{Boselaphus  tragocamelus).    Recent;  India. 

while  an  extinct  species  occurs  in  the  Siwaliks.  The  African  genus 
Cephalopus  may  perhaps  also  occur  in  the  latter  deposits.  The 
Cervicaprine  section  is  now  confined  to  Africa,  and  includes  some 
very  large  antelopes  in  which  the  females  are  hornless.  Cobus,  in 
which  the  skull  has  well-marked  supraorbital  pits,  appears  to  be 
represented  in  the  Indian  Siwaliks  by  species  as  large  as  some  of 
the  African  forms.  In  the  Pliocene  Pikermi  beds  of  Greece  an 
antelope  with  round  lyrate  horns,  described  as  Helicophora,^  appears 
to  be  allied  in  some  respects  with  Cobus,  although  it  has  lachrymal 
vacuities,  but  no  distinct  supraorbital  pits.  In  the  typical  Antelopine 
section,  which  is  allied  in  many  respects  to  the  preceding,  there  are 
always  well-developed  supraorbital  pits,  and  the  molar  teeth  are 
hypsodont,  and  resemble  those  of  the  sheep.  The  type  genus 
Antilope,  which  has  round  and  spirally  twisted  horns,  is  known  in 
the  Pleistocene  of  India  by  remains  of  the  one  existing  species  A. 
cervicapra  (Black-buck);  the  existing  Siberian  Saiga  tartarica  is 


'  Originally  described  under  the  preoccupied  name  of  Helkoceros. 
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found  fossil  in  the  cave-deposits  of  Europe;  while  the  Afro-Asiatic 
genus  Gazel  a,  in  which  the  lyrate  horns  are  laterally  compressed 

f"ii!  ^  ^"'■°P^'  I"dia  as  well  as  ir; 

the  Norfolk  Forest-bed.    The  Hippotragine  section  may  be  taken  to 
include  the  existing  African  genera  Oryx,  Addax,  and  Hippotra^us 
and  is  characterised  by  the  long  and  straight,  or  backwardly-curved 
horns  the  absence  of  supraorbital  pits  in  the  skull,  and  the  broad 
and  hypsodont  upper  molars,  which  resemble  those  of  the  oxen 
In  a  fossil  state  this  section  is  represented  by  Hippotragus  in  the 
Indian  Siwaliks ;  and  also  by  the  extinct  Palaoryx,  of  the  older 
Pliocene  of  Greece,  Italy,  Samos,  and  France,  which  appears  to 
have  been  closely  allied  to  Oryx,  although  showing  some  affinity  to 
Hippotragus.    The  last  section  into  which  the  true  existing  ante- 
lopes may  be  divided  is  the  Tragelaphim,  comprising  Boselaphus  in 
India,  and  Tragelaphus,  Strepsiceros,  and  Oreas  in  Africa.    In  the 
Indian  genus,  of  which  the  Nilghai  is  the  only  existing  representa- 
tive, the  horns  are  short  and  upright,  and  are  not  present  in  the 
females,  while  the  dentition  is  hypsodont  (fig.  1221);  fossil  forms 
occur  in  India  from  the  Siwaliks  upwards.    In  the  African  forms 
the  horns  are  spirally  twisted,  with  two  more  or  less  well-defined 
longitudinal  ridges,  the  skull  has  deep  supraorbital  pits  and  lachry- 
mal vacuities,  but  no  pit  in  the  lachrymal  itself,  and  the  molars  are 
broad  and  brachydont  like  those  of  the   Cervida.  Strepsiceros 
(Kudu),  in  which  the  anterior  ridge  on  the  horns  is  much  the 
stronger  of  the  two,  apparently  occurs  in  the  Indian  Siwaliks,  which 
may  also  contain  a  representative  of  the  allied  Oreas  (Eland).  The 
extinct  PalcBoreas  (fig.  1222),  of  the  Lower  PHocene  of  Europe  and 
Algeria,  appears  to  have  been  allied  to  both  the  preceding  genera ; 
while  the  so-called  A?itilope  torticor?iis,  of  the  Pliocene  of  France, 
has  the  posterior  ridge  of  the  horns  the  most  developed,  as  in  the 
existing  Tragelaphus,  to  which  genus  it  has,  indeed,  been  referred. 
The  remarkable  Frotragelaphus,  of  the  Lower  Pliocene  of  Greece, 
differs  from  all  the  preceding  genera  in  that  the  horns  have  only  a 
posterior  longitudinal  ridge,  in  the  absence  of  supraorbital  pits,  and 
in  the  development  of  lachrymal  depressions  like  those  of  the  Cer- 
vidcB.   With  the  Rupicaprine  section  of  this  family  we  come  to  genera 
showing  characters  connecting  the  true  antelopes  with  the  goats ; 
but  the  only  definitely  known  fossil  remains  belong  to  the  existing 
alpine  Chamois  {Rupicapra),  which  occurs  fossil  in  the  cave-deposits 
of  the  Continent.    Under  the  name  of  the  PalcBotragine  section 
may  be  included  three  extinct  Tertiary  genera  having  the  laterally 
compressed  horn-cores  of  the  goats,  but  the  upper  molars  more  or 
less  like  those  of  the  brachydont  antelopes.    The  earliest  of  these 
genera,  and  indeed  of  all  the  antelopes,  is  Protragoceros,  of  the 
Middle  Miocene  of  France,  one  of  the  species  having  been  long 
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since  described  as  Antibpe  clavata  {sansaniensis).  These  were 
man  forrs  with  short  horns,  and  the  crowns  of  the  molars  very 
hor  aX'oderately  wide.  Ir.  Fal^otrag..  and  Tragoceros,  of  the 
Lower  Pliocene  of  Greece  and  Samos,  the  horns  were  larger,  and 
^he  mola  3er.  The  former  genus  is  considered  to  be  allied  to 
SaZZium,  noticed  among  the  Giraffid..  The  true  Goats  and 
Sheep,  collectively  forming  the  section  are  ch^'-a^terised 

by  their  more  or  less  laterally  compressed  and  often  angulated  horn- 
cores  which  may  be  either  curved  backwards,  as  m  the  Ibex,  spir- 
ally twisted,  as  in  the  Markhoor,  or  with  a  peculiar  outward  curvature 
and  twist,  as  in  the  Sheep;  the  horns  themselves  bemg  frequently 


Fig.  i222.-Left  lateral  view  of  the  cranium  of  Palceoreas  Lindermaycri;  from  the  Lower 
Pliocene  Pikermi  beds  of  Greece.  Reduced.  The  lachrymal  vacuity  is  omitted.  (After 
Gaudry.) 

marked  on  the  anterior  surface  by  transverse  ridges.  In  all  the 
genera  the  dentition  is  markedly  hypsodont,  and  in  existing  forms 
the  accessory  inner  column  of  the  upper  true  molars  is  wanting. 
None  of  them  show  a  lachrymal  vacuity ;  but  in  the  Sheep  there  is 
generally  a  deep  depression  (larmier)  in  this  bone,  which  is  absent 
in  the  Goats.  Capra  may  perhaps  occur  in  the  Upper  Pliocene  of 
France ;  it  is  represented  in  the  Pliocene  of  the  Indian  Siwaliks  by 
one  species  (C.  sivalensis),  which  is  probably  the  ancestor  of  the 
Himalayan  Thar  (C.  jemlaica) ;  by  another  species  equally  closely 
allied  to  the  Markhoor  (C.  Falconeri),  of  the  same  region  ;  and  not 


V 
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improbably  by  a  third  allied  to  the  Himalayan  Ibex  (C.  stbirica) 
Remains  of  the  Pyrenean  Ibex  (C  pyrenaica)  are  found  in  the 
Pie  stocene  cave-deposits  of  Gibraltar;  and  those  of  the  common 

?Z  t  K,  r'V"  ^"^  f^"^  °f  England.    The  verj 

remarkable  hornless  genus  Bucapra,  from  the  Siwdiks  of  India  has 
a  skull  presentmg  a  great  resemblance  to  that  of  the  Goats'  bu 
cheek-teeth  hke  those  of  the  Oxen.  The  true  Sheep  {OvT^i^r 
to  be  a  group  of  very  late  origin,  and  are  scarcely  knoL  in  a  fossil 
condi  ,on ;  a  large  species  has,  however,  been  described  from  the 
Norfolk  Forest-bed  as  O.  {Caprovis)  Savlgni,  which  was  apparently 
allied  to  the  existing  Argali.  The  Musk-Qx  {Ovibo,)  of  the  Arctic 
regions,  which  forms  a  connecting  link  between  the  Caprine^  and 
BovtncB,  occurs  fossil  in  the  Pleistocene  of  Europe  and  Alaska  • 
while  two  closely  allied  forms,  from  the  Pleistocene  of  Kentucky' 
and  Arkansas,  have  been  respectively  named  O.  {Bodikerium)  bombi- 
jrons  and  O.  cavifrons. 

The  members  of  the  Bovi7ie  section,  comprising  about  thirteen 
recent  species  distributed  over  the  greater  part  of  Europe  Asia 
Africa,  and  North  America,  agree  with  the  Caprine  section  in  having 
no  lachrymal  vacuities,  but  differ  from  the  recent  members  of  that 
section  in  having  the  crowns  of  the  cheek-teeth  extremely  tall,  with 
large  accessory  columns  in  the  upper  true  molars,  and  their  valleys 
filled  up  by  a  large  quantity  of  cement.    The  horn-cores  may  be 
either  rounded,  flattened,  or  angulated,  and  are  frequently  directed 
more  or  less  outwardly,  but  are  never  curved  spirally  inwards,  or  of 
the  "  cork-screw "  shape  characteristic  of  many  Goats ;  while  the 
horns  themselves  are  not  marked  on  their  anterior  surface  by  promi- 
nent transverse  ridges.    The  most  aberrant  genus  is  Leptobos  from 
the  PHocene  and  Pleistocene  of  India  and  the  Upper  Pliocene  of 
Italy,  in  which  the  frontal  portion  is  broad,  with  widely  separated 
horn-cores  placed  far  below  the  level  of  the  occiput.    The  horn- 
cores  are  sometimes  absent ;  and  this  genus  is  regarded  as  allied  to 
Boselaphus.  Bubalus,  typically  represented  by  the  Buffaloes  of  India 
and  Africa,  but  which  may  also  be  taken  to  include  the  diminutive 
Anoa  {B.  depressicornis)  of  Celebes,  is  characterised  by  its  angulated 
horn-cores,  which  may  be  directed  either  outwards  or  upwards,  and 
by  the  great  convexity  of  the  forehead  in  the  more  typical  forms. 
Among  the  more  aberrant  species  may  be  reckoned  three  from  the 
Siwalik  Hills  of  India  {e.g.,  B.  occipitalis),  which  are  closely  allied 
to  the  Anoa,  and  (together  with  that  species)  by  some  writers  are 
termed  Probubalus ;  the  horn-cores  are  frequently  completely  trian- 
gular in  section,  and  the  forehead  is  not  decidedly  convex.  B. 
platyceros  from  the  same  deposits  is  intermediate  between  the  last- 
mentioned  group  and  the  existing  Buffaloes.    B.  aiitiquus  from  the 
Pleistocene  of  Algeria  is  regarded  by  Professor  Riitimeyer  as  closely 
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allied  to  the  existing  African  Buffaloes,  although  Dr  P.  Thomas 
thinks  it  is  more  nearly  related  to  the  living  Indian  species.  The 
latter  (B.  buffelus)  is  found  in  a  fossil  state  in  the  Pleistocene  of  the 
Narbada  Valley,  India ;  while  an  apparently  closely  allied  form  also 
occurs  in  the  Pliocene  of  the  Siwalik  Hills.  In  Bison,  now  repre- 
sented by  the  Aurochs  of  Lithuania  {B.  bonasus)  and  the  nearly 
exterminated  North  American  Bison  americanus,  the  skull  is  charac- 
terised by  its  great  relative  width  and  shortness,  the  tubular  orbits, 
the  moderately  convex  forehead,  and  the  curved,  round,  horn-cores, 
which  are  placed  considerably  below  the  level  of  the  occiput.  The 
existing  European  species  is  represented  by  a  variety  {priscus)  in 
the  Pleistocene  of  Europe  and  Arctic  America ;  while  the  gigantic 
B.  latifrotis  of  the  Pleistocene  of  Texas  may  probably  be  looked 
upon  as  the  progenitor  of  the  recent  species  of  that  country.  A 
cranium  from  the  Pliocene  of  the  Siwalik  Hills  has  been  referred  to 
this  genus  with  the  name  of  B.  sivalensis,  and  appears  to  be  allied  to 
existing  forms.  The  genus  Bos,  which  is  confined  to  the  Old  World, 
is  the  most  specialised  representative  of  this  section,  and  may  be 
divided  into  the  Bibovifie  and  Taurine  groups.  In  the  former  are  in- 
cluded the  wild  Oxen  of  India  and  Burma,  which  are  characterised  by 


Fig.  1223. — Cranium  of  the  Urus,  Bos  taunts,  var.  priinigenius,  Pleistocene. 
Much  reduced. 


the  more  or  less  flattened  horn-cores,  and  by  certain  peculiarities  in 
the  form  of  the  occipital  region.  The  earliest  representative  of  this 
group  is  Bos  etrusciis  from  the  Upper  Pliocene  of  the  Continent,  in 
which  the  horn-cores  are  placed  very  low  down  on  the  frontals  ;  this 
species  being  considered  to  be  nearly  related  to  B.  banting  of  Burma. 
A  more  imperfectly  known  member  of  this  group  is  B.  palcBogaurus 
of  the  Pleistocene  of  India,  which  may  turn  out  to  be  identical  with 
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B.  gaurus  now  living  in  the  same  regions.  In  the  Taurine  group 
the  frontals  (fig.  1223)  are  extremely  elongated,  and  the  horn-cores, 
which  in  the  type  species  are  rounded,  are  placed  immediately  over 
the  occiput.  To  this  group  may  be  referred  B.  planifrons  and  B. 
acutifrons  of  the  Pliocene  of  the  Siwalik  Hills ;  the  latter  being  re- 
markable for  its  sharply  angulated  frontals  and  its  enormous  horn- 
cores,  which  have  a  pyriform  section.  Another  member  is  B.  nama- 
dicus  of  the  Pleistocene  of  Central  India,  which  presents  some  ap- 
proximation to  the  Bibovine  group ;  but  the  best  known  fossil  Ox  is 
the  Urus  of  the  European  Pleistocene  (fig.  1223),  which  appears  to 
be  only  a  larger  form  of  the  existing  Ox  {Bos  imirus),  and  of  which 
the  descendants  of  wild  races  are  still  preserved  in  Chillingham  and 
some  other  British  parks.  A  still  smaller  race,  whose  remains  have 
been  found  in  the  turbaries  and  fens  of  England,  and  have  been 
described  under  the  names  of  B.  lofigifrons  and  B.  frontosus, 
seems  to  be  only  a  stunted  variety  of  the  same  species,  from  which  it 
is  probable  that  the  small  catde  of  Wales  and  Scotland  have  been 
derived. 

Suborder  2. — Perissodactyla. — The  characters  possessed  by 
this  suborder  in  common  with  the  Artiodactyla  are  noticed  under 
that  head.  The  distinctive  features  of  the  Perissodactyla  are  to  be 
found  in  the  truncated  distal  surface  of  the  astragalus  (fig.  1224); 


Fig.  1224.— Anterior  view  of  the  left   in  contact  with  One  another ;  that  the 


the  last  lower  true  molar  frequently  has  no  third  lobe,  and  that 
when  such  third  lobe  is  present,  it  is  absent  in  the  last  lower  milk- 
molar  ;  while  the  first  tooth  of  the  cheek  series  is  sometimes  pre- 
ceded by  a  milk-tooth.  In  all  existing  forms  the  number  of  the 
dorso-lumbar  vertebrae  is  never  less  than  twenty-two,  and  is  usually 
twenty-three ;  while  the  nasals  are  expanded  posteriorly.  The 
stomach  is  simple,  and  the  placenta  diffused.  In  existing  forms 
the  cervical  vertebrse  are  markedly  opisthocoelous.  The  upper  true 
molars  are  constructed  on  some  modification  of  what  is  known  as 


the  circumstance  that  the  third  digit 
in  both  the  fore  and  hind  feet  is  sym- 
metrical in  itself,  and  larger  than 
either  of  the  others  (fig.  1225);  the 
presence  (except  in  Chalicotherium) 
of  a  third  trochanter  to  the  femur 
(fig.  1226);  and  the  non-articulation 
of  the  fibula  with  the  calcaneum. 
Other  characters  very  generally  ob- 
servable in  this  suborder  are,  that  the 
whole  of  the  series  of  cheek-teeth  are 


astragalus  of  the  Yi.a'c%<t  {Equus  cabal- 
lus).    One-half  natural  size. 


upper  premolars  are  nearly  or  quite 
as  complex  as  the  true  molars ;  that 
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Lophodont  (fig.  1228);  that  is,  there  is  an  outer  longitu- 
dinal wall,  from  which  two  transverse  ridges  proceed  at  right  angles 
towards  the  inner  border  of  the  crown.  In  the  brachydont  forms 
this  structure  is  perfectly  simple,  but  in  those  genera  with  very 
hypsodont  teeth  it  is  so  complicated  by  foldings  and  involutions 
that  it  is  not  always  easy  to  trace  the  original  plan.  The  crowns 
of  the  lower  true  molars  consist  in  their  simplest  structure  of  two 
transverse  ridges  (as  in  the  Tapir),  but  these  ridges  may  be  curved 
into  crescents  (as  in  the  Rhinoceros),  or  complicated  by  foldings 


Fig.  1225. —  Right  manus  of  (a)  Tajiinis,  and  (b)  Fig.  1226.— Dorsal  or  anterior 

Rhinoceros.    Reduced.    (After  Klower.)  view  of  the  left  femur  of  Rhino- 

ceros. The  median  projection  on 
the  right  side  of  the  figure  is  the 
third  trochanter.  Reduced. 


and  convolutions  (as  in  the  Horse).  The  transition  from  the  sim- 
plest brachydont  to  the  most  specialised  hypsodont  dentition  is 
accompanied  by  a  reduction  of  the  number  of  the  digits  from  four 
or  three  to  one ;  that  one  being  the  third,  or  middle,  of  the  typical 
series  of  five. 

The  Perissodactyla  have  suffered  considerably  more  in  proportion 
to  their  numbers  than  the  Artiodactyla  by  the  extinction  of  generic 
and  family  types ;  the  existing  genera  being  at  the  present  day 
reduced  to  three,  which  are  the  types  of  as  many  different  families. 
Some  writers  have  suggested  that  this  extinction  of  types  is  owing 
to  the  Lophodont  plan  of  molar  structure  being  less  readily  suscep- 
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tible  of  modification  than  the  Bunodont  type  upon  which  the  Artio- 
dactylate  molar  is  constructed,  but  this  is  really  a  pure  assumption 
Family  Tapirid^.— This  family  is  represented  by  the  single 
existing  genus  Tapirus,  now  found  in  the  widely  separated  areas  of 
the  Malay  Peninsula  and  South  America,  and  thus  affording  an 
excellent  example  of  what  is  termed  discontinuous  distribution.  The 

dental  formula  is  /.  |  C.  \,  Pm.  \,  M.  ^  ■  the  cheek-teeth  are 

brachydont,  and  of  the  simple  Lophodont  type;  the  hinder  pre- 
molars being  as  complex  as  the  true  molars,'  and  the  last  lower 
molar  having  no  third  lobe.  The  first  upper  premolar  has  a  decid- 
uous predecessor ;  and  in  the  existing  forms  there  are  four  digits 
m  the  anterior  (fig.  1225,  a),  and  three  in  the  hind  foot.  The 
cranium  (fig.  1227)  has  its  cerebral  portion  much  vaulted,  and  the 


Fig.  1227.— Side  view  of  the  skull  of  Tapiriis  americanus.    Reduced.    (After  Giebel.) 


nasals  short  and  arched ;  in  one  American  species  (which  on  this 
account  is  regarded  by  some  authors  as  generically  distinct  under 
the  name  of  Elasitiognathtis)  the  narial  septum  is  largely  ossified ; 
and  there  is  a  short  proboscis.  In  Europe  this  genus  is  found  in 
the  Middle  Miocene  of  France  {T.  Foirrieri),  and  continues  to  the 
Upper  Pliocene  {T.  arvernensis) ;  if  also  occurs  in  the  Pliocene  of 
China  {T.  sinensis),  and  in  the  Pleistocene  cave-deposits  of  Brazil, 
one  of  the  forms  from  the  latter  being  indistinguishable  from  the 
living  T.  america7ms.  The  North  American  Miocene  forms  named 
Tapiravtis  are  probably  not  generically  distinct.  An  imperfectly 
known  form  from  the  Middle  Eocene  of  France,  described  as 
PalcEotapirus,  is  referred  by  Dr  Filhol  to  this  family. 

Family  Lophiodontid^. — This  Eocene  family  presents  char- 
acters allying  it  very  closely  with  the  Tapiridce,  Falceothcriidcp,  and 
Rhinocerotidce,  and  probably  contains  ancestral  forms  of  all  those 
families.  The  upper  true  molars  (fig.  1228)  are  brachydont,  and 
always  more  complex  than  the  premolars ;  the  last  lower  true  molar 
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generally  has  a  third  lobe;  and  there  are  usually  four  digits  in  the 
manus  and  three  in  the  pes.  The  type  genus  Lophwdon  (fig 
1228,  a)  comprises  some  species  which  attain  a  bulk  nvalhng  that  of 

the  Rhinoceroses,  and  has  the  dental  formula  1.  ^,  C.     Pm.  ^,  M. 

It  is  found  in  the  Middle  and  Upper  Eocene  of  Europe,  and  is 
generally  regarded  as  having  died  out  without  descendants.  In 
the  dentition  here  figured  the  inner  crescent  of  the  fourth  upper 
premolar  is  incomplete,  and  the  ridges  of  the  lower  molars  are 
simple ;  the  last  lower  true  molar  always  has  a  third  lobe.  Allied 
to  Lophwdon  is  Helaletes  {Desmatotherium),  of  the  Upper  Eocene 
of  North  America,  characterised  by  the  more  rounded  upper  true 
molars  and  the  absence  of  a  diastema  in  the  lower  jaw ;  it  is  re- 


Fig.  1228. — A,  The  last  five  right  upper  cheek-teeth  of  Lophiodon  isselensis,  from  the  Middle 
Eocene  of  France ;  D,  The  right  upper  cheek-teeth  of  Hyrachyus  agrarius,  from  the  Eocene  of 
North  America.  Reduced. 

garded  by  Professor  Cope  as  an  ancestral  stock  of  the  Rhinocerotida. 
With  forms  from  the  North  American  Eocene  described  as  Isectolo- 
phus  and  Frothyracodon,  in  the  first  of  which  the  last  lower  true 
molar  has  a  third  lobe,  we  come  to  the  consideration  of  Lophio- 
donts  showing  more  affinity  with  the  Tapirs,  but  it  does  not  appear 
quite  certain  that  both  these  forms  are  really  entitled  to  generic  dis- 
tinction from  the  next.  The  genus  Hyrachyus  (fig.  1228,  b),  which 
occurs  typically  in  the  Uinta  and  Bridger  Eocene  of  the  United 
States,  is  taken  by  Dr  Filhol  to  include  European  Lophiodonts 
ranging  from  the  Middle  Eocene  of  France  to  the  Lower  Miocene 
of  St  G6rand-le-Puy.  This  genus  has  four  premolars,  of  which  the 
last  is  somewhat  simpler  than  the  first  true  molar ;  while  there  is 
no  third  lobe  to  the  last  lower  true  molar.    In  the  type  species  the 
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Idee,  but  there  appears  to  be  a  gradual  transition  in  this  respect 

S  hnvf ''T?  S""^^  Phosphorites,  in  which  th'es 

teeth  have  rounded  angles,  and  approximate  to  those  of  the  Tapirs  • 
from  which,  however,  these  forms  are  distinguished  by  the  simple^ 
fourth  premolar.  This  transition  has  induced  Dr  Filhol  to  abolish 
tne  genus  Protapirus,  which  was  proposed  for  H.  iriscus  The 
ri"?-,tPf evidently  allied  to  the  American  Isectolophus ;  and 
Dr  Pilhol  suggests  a  transition  from  this  type  towards  the  Tapirs 
Ihe  typical  American  species  of  Hyrachyus  is  regarded  as  the 
ancestor  of  the  genus  Byracodon,  which  is  classed  in  the  Rhinocero- 
ttda^  An  American  species  which  may  be  provisionally  included 
in  Hyrachyus  is  said  to  have  an  attachment  for  a  dermal  horn  on 
each  nasal,  on  which  account  it  is  separated  by  Professor  Marsh  as 
Colonoceros.  The  American  Eocene  genus  Dilophodon  appears  to 
be  allied  to  this  group. 

The  imperfectly  known  genus  Ribodon,  from  the  infra-Pampean 
beds  of  Patagonia,  is  apparently  nearly  allied  to  Hyrachyus.  The 
genus  Triplopus,  of  the  Upper  Eocene  of  the  United  States,  is  dis- 
tinguished by  having  only  three  digits  in  the  manus,  on  which 
account  Professor  Cope  makes  it  the  type  of  the  family  Triplopod- 
idce.     In  Hyracotherium,  with  which  the  forms  described  under 
the  names  of  Pliolophus  and  Orohippus,  and  not  improbably  Eo- 
hippus,  are  identical,  the  upper  true  molars  resemble  those  of  Lophi- 
odon,  but  their  anterior  ridge  is  incomplete,  and  the  transverse  ridges 
of  the  lower  cheek-teeth  have  a  tendency  to  assume  a  crescent-shape. 
In  this  genus  there  is  a  diastema  behind  the  first  premolar,  but  in 
an  allied  form  from  the  Lower  Eocene  of  North  America,  which  has 
been  named  Syste?nodon,  all  the  teeth  are  in  contact.    The  numerous 
species  of  Hyracotherium  indicate  animals  not  larger  than  a  Fox ; 
the  dentition  is  of  the  full  typical  number,  and  the  structure  of  the 
fore-foot  is  shown  in  fig.  1236,  a.    This  genus  occurs  in  the  Lower 
Eocene  ^  both  of  Europe  and  North  America,  and,  as  will  be  more 
fully  noticed  below,  it  is  regarded  as  the  ancestral  stock  of  the 
Equtdce.    Heptodon,  from  the  Eocene  of  New  Mexico,  which  was 
originally  identified  with  Fachyjiolophus,  appears  to  connect  the 
latter  with  Hyracotherium,  although  it  is  placed  by  Professor  Cope 
next  to  Hyrachyus.    In  Pachy7iolophus  the  dental  formula  is  of  the 
full  typical  number ;  but  the  upper  true  molars  have  taller  ridges 
than  in  Hyracotherium,  and  are  intermediate  in  structure  between 
those  of  the  latter  and  of  Anchilophus ;  the  lower  molars  being 
subcrescentoid.     The  largest  species  is  P.  isselanus,  but  there  are 

^  It  has  recently  been  recorded  from  the  Middle  Eocene  and  the  Phosphorites 
of  France  ;  but  at  least  one  of  the  species  from  the  latter  deposits  indicates  a 
form  more  nearly  allied  to  Anchilophus. 
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.ml  Other  forms  from  the  Middle  and  Upper  Eocene  of  the 
Snent  (-  ^^^^  Lopkiotkeriun.  may  be  m- 

r\uc\ed\  does  not  appear  generically  separable. 

f!m  Lv  PALloTHERnpl-With  the  ^./../^.n.^.  we  enter 
upon  another  extinct  family  of  this  suborder,  the  type  genus  of  wh.ch 
his  Ion-  been  known  from  the  classic  labours  of  Cuvier.  In  this 
hmily  the  upper  premolars  may  be  either  simpler  or  quite  as  com- 
S^x  L  the  t^rue  molars  3  the  lower  molars  have  crescentoid  crowns 
and  in  the  last  tooth  of  this  series  the  third  lobe  may  be  either  we  1 
deveopedor  almost  wanting;  all  the  cheek-teeth  -e  brachydont 
and  when  cement  is  present  it  does  not  fill  their  vaUeys.  There 
are  always  three  digits  in  each  foot.   The  type  genus  FalMenum, 

wWch  may  be  included  Faloplotherium  (or  Flagiolophus)  r^ng.. 
from  the  Middle  Eocene  of  the  Paris  basin  to  the  Lower  Miocene 
of  Ronzon,  but  is  especially  characteristic  of  the  Parisian  stage. 

3    r  I  Pm  ^^I^,  M.  ^ ;  and  the  last 
■  (3-4)  3 


The  dental  formula  is  /.  ^,  C.  - 

3  I 


lower  molar  has  a  third  lobe.  In  the  more  typical  species  (fig.  1229) 
the  four  premolars  are  present  in  both  jaws,  the  fourth  upper  pre- 


FiK  1229  —The  right  upper  cheek-dentition  oi  Palceotherium  crassum;  from  the 
Upper  Eocene  of  Paris.  Reduced. 


molar  is  as  complex  as  the  first  true  molar,  and  the  third  lower  pre- 
molar as  the  fourth  lower  premolar ;  while  the  diastema  is  compara- 
tively short,  and  the  canines  are  not  large.    The  upper  true  molars 
of  all  the  species  exhibit  an  expansion  of  the  inner  extremities  of  the 
transverse  ridges,  foreshadowing  the  structure  of  the  teeth  of  some 
of  the  Equida.    The  cranium  is  Tapiroid  in  character,  especially  in 
the  prominence  of  the  nasal  bones ;  from  which  it  is  deduced  with 
great  probability  that  the  nose  possessed  a  short  movable  proboscis. 
The  general  form  may  also  be  supposed  to  have  been  like  that  of 
the  Tapirs,  and  the  restoration  of  P.  jnagnum  given  by  Cuvier  (fig. 
1230)  exhibits  to  us  an  animal  closely  similar  to  the  existing  Tapir. 
In  this  particular  instance,  however,  we  know  that  the  restoration  is 
incorrect,  since  the  discovery  of  a  complete  skeleton  of  this  species 
has  shown  that  it  was  a  more  slender  and  longer-necked  animal, 
resembling  in  its  general  figure  a  Llama. 

In  that  group,  which  is  considered  by  some  writers  as  generically  dis- 
tinct under  the  name  of  Paloplotherium,  the  last  upper  premolar  has  its 
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Fig,  1230.— Reduced  restoration  of  Pala^oiherinm  magman,  after  Cuvier 
Upper  Eocene,  France. 

of  the  genus  ;  while  P.  codicietise,ixom  the  Middle  Eocene  of  France  has 
Its  fourth  upper  premolar  as  simple  as  in  Lopiiiodon  and  Hyrachyul  and 
thus  shows  how  extremely  intimate  is  the  relation  between  all  these  early 
foi-ms  of  the  suborder,  and  how  very  difficult  it  is  to  give  any  good  dis- 
tmctive  characters  of  the  families  into  which  it  is  convenient  to  divide 
them. 

In  Anchilophus,  of  the  Upper  Eocene  of  the  Continent,  the  dental 

formula  is  I.  ^,  C.  i,  Pm.  — m.  ^  ■  and  the  cheek-teeth  are  nearly 
3133  ^ 
intermediate  in  structure  between  those  of  Packy- 
nolophus  and  Anchitherium.    The  last  upper  pre- 
molar is  as  complex  as  the  first  true  molar ;  there 
are  well-marked  ridges  on  the  outer  columns  of 
the  upper  true  molars  ;  the  last  lower  true  molar 
has  a  large  third  lobe ;  and  the  diastema  is  elon- 
gated.   The  genus  Epihippus  from  the  Upper 
Eocene  of  North  America,  which  is  reckoned 
by  some  writers  as  being  on  the  direct  ancestry 
of  the  Horse,  has  been  placed  here  by  Dr 
Schlosser.    The  genus  forming  a  step  in  advance 
of  Anchilophus  is  Anchitherium,  typically  from 
the  Middle  Miocene  of  Europe,  but  with  which  the  contemporary 
North  American  forms  described  under  the  names  of  Mesohippus 


1231.  —  A  left 
true  molar  of 


Fig 
upper 
y\ncluthcrhiin  aurcli- 
ancnse ;  from  the  Mid- 
dle Miocene  of  France. 
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and  Miohippus  may  be  united.  The  dental  formula  is  the  typical 
one  •  the  upper  premolars  are  as  complex  as  the  true  molars  (fig. 
1230,  the  external  surface  being  without  a  median  vertical  ridge; 
the  first  lower  premolar  is  comparatively  small ;  and  the  third  lobe 
of  the  last  lower  true  molar  is  reduced  to  a  small  talon ;  while  the 
incisors  have  no  infolding  of  the  enamel  at  their  summits.  Some 
species  show  a  "larmial"  depression  in  the 
lachrymal.  The  typical  A.  aurelianense  (fig. 
1 231),  of  the  Middle  Miocene  of  the  Con- 
tinent, is  the  largest  species,  and  shows  no 
trace  of  the  fifth  metacarpal;  while  the 
meso-  and  entocuneiform  of  the  tarsus  are 
united.  In  the  smaller  A.  Bairdi  of  the 
Miocene  of  North  America  the  lateral  digits 
are  relatively  larger,  the  fifth  metacarpal  is 
represented  by  a  splint,  and  the  meso-  and 
entocuneiform  are  separate.  Allied  to  this 
genus  are  Afichippus,  Parahippus,  and  Hyo- 
hippus  of  the  North  American  Miocene. 

Family  PROTEROXHERiiDiE. — In  this  place 
it  may  be  convenient  to  notice  the  genus  Pro- 
terotherium  from  the  Tertiary  of  Patagonia, 
which  was  at  first  regarded  by  Dr  Ameghino 
as  belonging  to  the  Artiodactyla,  but  was 
subsequendy  made  the  type  of  a  distinct 
family  of  this  suborder.  One  species  was 
referred  by  Bravard  to  Anoplotheriurn,  while 
a  second  was  subsequently  described  by  Dr 
Burmeister  first  as  Anchitheriiim,  and  then 
as  Anisolophus.  The  upper  premolars  are 
nearly  as  complex  as  the  true  molars.  The 
names  Thoaiherium,  Diadophorus,  and  Li- 
caphrium  have  been  applied  to  allied  forms 
from  the  same  deposits.  The  lower  molars 
have  four  distinct  roots.  It  may  be  ques- 
tioned whether  these  forms  are  really  en- 
titled to  form  a  distinct  family. 

Family  Equid^e. — The  division  between 
this  family  and  the  Palceoiheriidce  is  a  more 
or  less  arbitrary  one.  In  the  present  one  the 
upper  premolars  are  as  complex  as  the  true  molars,  and  all 
cheek-teeth  are  usually  of  an  extremely  hypsodont  type,  with  their 
valleys  filled  with  cement ;  the  crowns  of  the  lower  molars  are  cres- 
centoid,  with  complex  folds  of  enamel,  and  there  is  scarcely  any 
distinct  third  lobe  to  the  last  lower  molar.    The  digits  may  be 


Fi^.  1232. — Lateral  view  of 
the  right  inaniis  of  the  Horse 
{Eguiis  caballiis).  Reduced. 
ca,  Carpus  ;  w,  3d  Metacar- 
pal (cannon-bone)  ;  s.  Lateral 
do.  ;  I,  2,  3,  Phalangeals  of 
third  digit. 


the 
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either  one  (fig.  1232)  or  three  in  number ;  the  ulna  and  fibula  are 
^^^i  '""'^  ^"^  entocuneiform  of  the  tarsus  are 

united  The  plane  of  wear  of  the  cheek-teeth  becomes  nearly 
smooth,  mstead  of  being  raised  into  ridges  as  in  the  preceding 
families ;  and  the  summits  of  the  incisors  have  an  infolding  of  the 
enamel  extending  some  distance  into  the  crown.  One  of  the  most 
generalised  forms  is  Protohippus  or  Merychippus  of  the  Lower 
Pliocene  of  North  America,  in  which  the  permanent  molars  re- 
semble those  of  the  generalised  species  of  Equus,  but  have  shorter 
crowns,  while  the  milk-molars  approximate  more  nearly  to  the  true 
molars  of  Anchithermm.     The  next  genus  is  Hipparion  {Hippo- 

therium).    The  dentition  is  /.  3,  c.  \  Fm.  ^,  ■  but  the  first 

3        I  3  3 

upper  cheek-tooth,  which  has  no  predecessor  and  appears  with 
the  milk  series,  is  shed  before  the  animal  is  adult.  The  upper 
cheek-teeth  (fig.  1233)  at  first  sight  seem  to  differ  very  widely 


Fig.  1233.— Three  right  upper  cheek-teeth  of  Hipparion;  from  the  Pliocene  of  India,  a, 
r^or^'Tn°dV%'lH"rr,L°"'^^"^^""''  Anterior  inner  crescent;  Ante- 


rior,  andy;  Posterior  pillar. 

from  those  of  the  Palaotheriiim  type  (fig.  1229),  but  a  closer 
examination  will  show  that  the  outer  portions  marked  a  and  b  cor- 
respond to  the  outer  wall  of  the  more  generalised  tooth ;  while  the 
portions  c  and  e,  and  d  and  /  respectively  represent  the  first  and 
second  transverse  ridges  of  the  same.  These  ridges  have,  however, 
united  together  in  a  crescent-like  form,  and  enclose  between  them 
and  the  outer  wall  a  pair  of  islands  surrounded  by  a  plicated  wall  of 
enamel  and  filled  with  cement.  The  terms  which  it  is  convenient 
to  apply  to  the  Equine  molar  are  indicated  in  the  accompanying 
figure ;  and  the  distinctive  feature  of  the  upper  teeth  of  Hipparion 
is  that  the  anterior  pillar  (e)  is  disconnected  from  the  anterior  inner 
crescent  {c)  for  at  least  three-quarters  of  its  height,  so  that  it  nor- 
mally appears  on  the  worn  crown  as  an  isolated  oval  (fig.  1233). 
There  are.  normally  three  digits  to  each  foot,  but  in  the  Pliocene 
Indian  H.  aniilopinu?n  they  are  apparently  reduced  to  one ;  this 
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form  having  been  made  the  type  of  the  genus  Hippdadylus  The 
be  knoTn  species  is  H.  gracile  of  the  PHocene  of  Europe  Samos, 
Persia  and  Algeria;  but  the  genus  is  also  well  represented  in  the 
PHo  ene  of  India  (k  antilopinum,  If.  Theobaldi\  China  {H.  Ruht- 
klni\  and  North  America.  All  the  species  retain  the  primitive 
feLe  of  a  depression  in  the  lachrymal.    With  (-  -h-h 

may  be  included  the  American  Hippidium,  otherwise  Pliohippus) 
we  come  to  the  most  specialised  of  all  the  Perissodactyla.  The 
dentition  is  /.  \  C.  -J,  Pm.  1^^,  M.  ^  ;  but  the  first  upper  cheek- 
tooth is  usually^  absent  in  existing  forms,  and  the  corresponding 
lower  one  is  only  occasionally  developed  in  some  extinct  species 
The  crowns  of  the  cheek-teeth  are  higher  than  in  Hipparioji,  and 
the  anterior  inner  pillar  of  the  upper  ones,  except  in  a  very  early 
stage  of  wear,  is  connected  with  the  adjacent  inner  crescent  (fig. 
1234).   There  is  but  one  functional  digit  to  each  foot,  although  the 


Fig.  1234.— The  last  four  right  upper  cheek-teeth  of  the  Horse  (Eguus  cabalhis). 

Reduced. 


proximal  portions  of  the  lateral  metapodials  remain  (figs.  1232, 
1236,  d),  and  in  the  so-called  Hippidimn  the  terminal  phalangeals 
were  represented  by  claws.  A  maxillo-lachrymal  fossa  is  present  in 
the  extinct  E.  andium  and  E.  sivalensis,  but  is  wanting  in  all  exist- 
ing species.  At  the  present  day  this  genus  is  confined  to  the  Old 
World,  and  is  especially  characteristic  of  Africa,  but  in  the  Pliocene 
and  Pleistocene  it  was  spread  over  both  North  and  South  America. 

In  those  South  American  Pleistocene  forms  referred  by  some  writers 
to  Hippidinm,  the  molars  are  shorter  and  more  curved  than  in  existing 
species,  and  the  grinding  surface  of  the  anterior  pillar  of  the  upper  ones 
is  not  wider  than  in  Hipparion ;  E.  principalis  is  a  large  species 
of  this  type.  In  E.  Stenonis  of  the  Upper  Pliocene  of  Italy,  Kos,  and 
Algeria,  and  the  Norfolk  Forest-bed,  the  molars  are  taller,  but  they  still 
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^.  is  apparently  the  common  speHes  o^he  E^e.n  Pl"'?^ 

cene,  although  it  is  not  improbable  that  the  Asia tir  /T^  ^ 

are  found,  the  remams  of  the  existmg  African  £.  asmus  and  of  a  farger 


Fig.  1235.— Skull  of  the  Horse  {Egjtiis  cahallus).  Reduced. 


undetermmed  form  occur  in  the  Pleistocene  cave-deposits  of  Madras 
Fmally,  it  should  be  mentioned  that  some  of  the  South  American  Tertiary 
forms  have  been  separated  under  the  name  oi  Hap lo hippies. 

Genealogy  of  the  Horse.— Allusion  has  been  incidentally  made 
m  the  precedmg  paragraphs  to  the  genealogy  of  the  genus  Equiis,  but 
smce  this  is  one  of  the  best  instances  of  evolution  among  the  higher 
Mammals  yet  worked  out  it  is  advisable  that  it  should  be  noticed  rather 
more  fully.  The  top  of  the  series  is  the  Egiius  caballus  group,  in  which 
the  dentition  is  of  the  most  speciaHsed  type,  and  which  descends  in  India 
to  the  topmost  Pliocene  ;  then  we  have  the  E.  Sfetionis  and  E. priucipalis 
group,  m  which  the  molars  become  more  like  those  oiHippmion;  and 
finally  the  so-called  Hippidium.  The  structure  of  the  foot  is  shown  in 
fig.  1236,  D  ;  the  great  size  of  the  phalangeals  and  the  metapodial  of  the 
functional  digit  being  very  noticeable.  The  eariiest  occurrence  of  the  genus 
is  in  the  Pliocene  of  India.  From  the  E.  Sfeuonis  group  to  Hipparion 
is  but  a  step,  the  transitional  species  being  H.  a7itilopiniim  of  the  Plio- 
cene of  the  Siwalik  Hills  in  which  the  lateral  digits  were  apparently 
wanting;  in  the  other  species  (fig.  1236,  c)  the  lateral  digits  are  of 
small  size,  and  the  middle  one  is  relatively  more  slender  than  in  Equus. 
Protohippiis  connects  Eguus  by  the  structure  of  its  milk-molars  with 
the  Miocene  Anchiiheriuvi :  and  in  the  latter  the  teeth  have  become 
brachydont,  the  third  lower  molar  has  a  small  third  lobe,  and  the  lateral 
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dieits  of  the  foot  (fig.  1236,  b)  have  become  larger  and  he  middle  digit 
S  er ;  traces  of  the  fifth  metacarpal  being  retained  in  the  American 
soec  es  The  next  step  is  probably  made  by  some  form  allied  to  Anchz- 
folhus  or  Pachynolophus  of  the  Upper  Eocene  ;  and  from  such  a  type 
he  tSnsition  ii  easv  to  the  Lower  Eocene  Hyracotherium  :,r.^  Systemo- 
don  m  which  all  the  species  are  very  small,  the  dentition  is  of  the  simple 
Lophodont  type,  with  a  large  third  lobe  to  the  last  lower  true  molar,  and 
the  fore-foot  (fig.  1236,  a)  has  four  complete  digits,  which  are  of  sub- 
equal  size  ;  while  there  may  be  {Eohippus)  a  rudimental  metacarpal  of 
the  Dollev  Finally,  the  earliest  stage  of  this  series  is  formed  by  Phenac- 
odiisoi  the  Lowest  or  Puerco  Eocene  of  North  America,  m  which  there 
are  five  digits  to  each  foot,  and  of  which  the  structure  will  be  more 
fully  noticed  under  the  head  of  the  suborder  Condylarthra.  It  should 
be  observed,  however,  that  Professor  Cope  would  introduce  an  inter- 


Fig.  i236.-Bones  of  the  left  manus  of  Hyracotherium  (a),  Anchitherium  (b), 
Hipparion  (c),  and  Egnus  (d). 


mediate  stage  between  Systemodon  and  Phenacodus ;  and  that  the  same 
authority  also  introduces  the  genus  PalcEotherium  between  Hyraco- 
theriitm  and  Anchitherium,  although  most  writers  regard  that  genus  as 
quite  off  the  line. 

In  this  connection  may  be  noticed  the  remarkable  circumstance  that 
in  the  hne  of  evolution  culminating  in  the  modern  Horse  a  parallel 
series  of  generically  identical  or  closely  allied  forms  occurs  in  the  Ter- 
tiaries  of  both  Europe  and  North  America,  from  which  it  has  been  sug- 
gested that  in  both  Continents  a  parallel  development  of  the  same  genera 
has  simultaneously  taken  place— z.^.,  that  in  both  regions  Anchitheriiem 
has  given  rise  to  Hipparion,  and  Hipparion  or  an  allied  type  to  Equus. 
Now,  seeing  it  is  evident  that  in  the  case  of  species  of  a  single  genus 
the  evolution  has  taken  place  in  separate  lines— that  is  to  say,  that  the 
existing  Indian  species  of  Canis  are  probably  derived  directly  from  the 
Pliocene  forms  of  the  same  region,  and  the  Brazilian  species  of  that 
genus  have  their  predecessors  of  the  cave-epoch  of  that  country, — there 
appears  no  logical  reason  for  refusing  to  admit  an  analogous  parallel 
evolution  in  the  case  of  genera,  and  there  is  accordingly  a  considerable 
probability  that  the  hypothesis  in  question  may  be  a  true  one.  Pro- 
fessor Cope  considers  that  in  one  country  Protohippus,  and  in  the  other 
Hipparion,  was  the  immediate  ancestor  of  Equus. 
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Family  RHiNOCEROTiD^._With  this  family  we  enter  upon  the 
consideration  of  another  branch  probably  derived  from  the  prim 
ive  Lophiodont  stock,  which  attained  great  development  in  Ter- 
tiary times  and  is  still  represented  in  Asia  and  Africa  by  at  least 

frnl^'^H    f !f •  '^'y      distinguish  this  family 

from  the  Lophtodontidce,  as  represented  by  Hyrachyus  (which  Dr 


Big.  i237.-LefthaIfof  the  palatal  surface  of  the  cranium,  and  left  lateral  aspect  of  the  skull 
of  Metamynodon  filam/rcts;  from  the  White  River  Miocene  of  North  America.  One-sixth 
natural  size.  Na,  Nasal ;  Fr,  Frontal ;  Pa,  Parietal ;  So,  Supraoccipital  ;  sm.  United  post- 
glenoid  and  posttympanic  processes;  i,  2  3,  Alveoli  of  incisors;  c,  Alveolus  of  canine;  2,  4 
Premolars  ;  i,  2,  3,  True  molars.   (After  Scott  and  Osborn.) 


Schlosser  includes  in  the  jRhhiocerottdcB),  but  the  upper  true  molars 
(fig.  1239)  generally  have  a  very  thick  outer  wall,  which  is  often 
produced  in  advance  of  the  first  ridge ;  their  transverse  ridges  are 
but  slightly  bent,  and  are  intimately  connected  with  the  outer  wall ; 
the  upper  premolars  are  usually  nearly  or  quite  as  complex  as  the 
true  molars ;  the  lower  cheek-teeth  are  more  or  less  completely 
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crescentoid;  and  in  all  the  forms  in  which  that  tooth  is  known 
here'  s  no  ^hird  lobe  to  the  last  lower  true  molar.  The  height  of 
he  cheek-teeth  varies  considerably,  their  crowns  being  tallest  in 
Elasmotherium.  One  or  more  dermal  horns  may  be  attached  to 
the  fronto-nasal  region;  and  when  t^o.^f/hese  appendages  are 
nresent  they  maybe  either  placed  one  behind  another  in  the  middle 
line  or  in  Ipair  on  either  side  of  this  Hne.  The  digits  of  the  pes 
are  apparently  always  three,  but  there  may  be  either  three  or  four 
in  the  manus.  One  of  the  most  generalised  forms  is  Byracodon, 
from  the  Lower  Miocene  of  Nebraska,  in  which  the  dental  formula 


is  / 


3.  C. 


t  Pm  -  M.  -.  There  were  apparently  only  three  digits; 
o'  i'  "4'  3 
the  neck  and  limbs  were  slender  and  Horse-like ;  and  there  was  no 
trace  of  a  nasal  horn.  This  genus  was  in  all  probability  a  de- 
scendant of  the  Lophiodont  Hyrachyus,  but  does  not  appear  to 
have  been  the  progenitor  of  the  true  Rhinoceroses.  In  some  re- 
spects still  more  generalised  is  the  genus  Amynodon  {Orthocynodon\ 
from  the  Middle  and  Upper  Eocene  of  North  America,  in  which 
the  dental  formula  was  the  same  as  in  Hyracodon.  The  lower 
canines  were  nearly  upright ;  there  was  a  short  diastema ;  the  pre- 
molars were  unlike  the  true  molars  ;  and  it  is  believed  that  the 
manus  had  four  digits.  Allied  to  this  genus  is  Meta7?iynodon,  from 
the  Miocene  of  the  United  States,  in  which  the  skull  (fig.  1237) 

3 

has  a  strong  sagittal  crest,  the  premolars  are  reduced  to  -,  the  lower 

canines  have  become  somewhat  proclivous,  and  the  upper  premolars 
are  much  more  like  the  true  molars.  These  two  genera  are  regarded 
by  some  of  the  American 
palaeontologists  as  indicat- 
ing a  distinct  family — the 
AfnynodotiiidcE  —  and  are 
also  looked  upon  as  the 
ancestors  of  the  true  Rhi- 
noceroses. In  the  Old 
World  there  is,  however, 
the  genus  Cadurcotherium 
of  the  Quercy  Phosphorites, 
which  may  possibly  lay 
claim  to  this  position,  al- 
though it  may  indicate  a 
lateral  branch  allied  to  the 
Toxodontia.  Unfortunate- 
ly, only  detached  teeth  are 

formula  cannot  be  determined.    The  upper  true  molars  (fig.  1238) 


cotherium 
of  France. 


^.           -i-r  -    molar  of  Cadur- 

cayluxense!    from   the   Upper  Eocene 


at  present  known,  so  that  the  dental 
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are  Rhinocerotic  in  structure,  but  are  extremely  narrow  in  a  trans- 
verse direction,  and  the  ridges  of  the  lower  cheek-teeth  are  imper- 
fectly crescentoid.  Apparently  nearly  related  to  the  preceding  is 
Homalodontothermm,  from  Tertiary  strata  of  unknown  age  in  Pata- 
gonia;  the  dental  formula  is  the  typical  one,  and  there  is  no  diastema, 
bu  the  skeleton  is  unknown.  We  now  come  to  the  consideration 
of  those  animals  which  we  may  term  true  Rhinoceroses— a  group  in 
which  very  diverse  views  as  to  the  limits  of  generic  terms  are  pre- 
valent among  zoologists  and  pateontologists.  By  some  writers  the 
five  existmg  species  are  referred  to  at  least  three  distinct  genera, 
and  if  this  view  be  adopted,  it  will  be  necessary  to  make  a  large 
number  of  genera  for  the  extinct  forms ;  the  English  school,  how- 
ever, now  generally  include  all  the  living  species  in  one  genus,  and 
trom  this  point  of  view  there  seems  no  good  reasons  for  generically 
separating  any  of  the  extinct  species,  which  form  a  series  so  inti- 
mately connected  that  it  would  be  very  difficult  to  define  all  the 
genera  into  which  they  are  divided  by  the  American  school.i  Using, 
then,  the  term  Rhinoceros  in  its  widest  sense,  the  variations  in  the 

number  of  teeth  may  be  expressed  by  the  formula  I  C  ° 

(o-i)'  -(o-i), 

Pm.  -,  M.      the  absence  of  upper  canines  is  a  distinctive  feature ; 

the  upper  true  molars  (fig.  1239)  have  their  crowns  relatively  wide, 
their  transverse  ridges  well  developed,  the  hinder  lobe  of  the  last 


Fig.  1239. — The  left  upper  true  molars  of  Rhinoceros  megarhinus  ;  from  the  Pleistocene 
of  England.    One-half  natural  size. 


tooth  partially  aborted,  and  frequently  a  more  or  less  distinct  but- 
tress at  their  antero-external  angle.  The  teeth  represented  in  fig. 
1239  are  the  most  generalised  type;  and  it  is  evident  that,  when  more 

^  In  this  and  other  instances  the  number  of  generic  divisions  which  we  may  be 
disposed  to  adopt  is  solely  a  matter  of  convenience.  From  the  writer's  point  of 
view  the  multiplication  of  generic  terms,  which  as  our  knowledge  advances  must 
become  less  and  less  susceptible  of  exact  definition,  tends  to  drown  the  science  in 
a  sea  of  names,  which  form  a  great  burden  to  the  memory,  and  thus  tend  to  de- 
stroy the  very  object  of  classification. 
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worn  the  crown  of  each  molar  would  carry  two  isolated  fos  ette. 
urrounded  by  enamel  (fig.  1 244).  The  worn  crown-surface  is  traiis- 
e  sely  ridged  ;  and  there  is  a  process  projectmg  from  the  hmder 
fdTe  into  fhe  middle  valley  termed  the  crochet,  which  is  absent  in 


some  sDecies     The  hinder  premolars  are  as  complex  as  the  true 
mdars  -  and  the  crowns  of  the  cheek-teeth,  though  varying  in 
height,  are  never  very  tall,  and  their  valleys  are  always  open  In 
the  lower  cheek-teeth  the  ridges  form  complete  crescents,  with  their 
concavity  directed  inwardly  (fig.  1240). 
The  lower  canines  are  always  proclivous. 
The  skeleton  and  skull  are  very  massive, 
this  feature  being  most  marked  in  the  more 
specialised  species.    This  genus  may  be 
divided  into  several  groups,  of  which  the 
Aceratherine  is  the  most  generalised.  In 
this  group  there  is  usually  no  horn,  and     p-jg.  ,3^0. _The  ihird  left  lower 
the  nasal  bones  (fig.   1241)  are  conse-  ^-^^^^"^^^ 
quently  small  ;   cutting-teeth   are   always   natural  size, 
present,  although  there  is  some  variation 

(0-2) 

in  their  number,  which  may  be  expressed  by  the  formula  /.  — 

C.  -.    In  R.  incisivus  (which  is  the  type  of  the  so-called  Acera- 

theriiim)  there  are  four  digits  in  the  manus  ;  but  in  many  of  the 
North  American  forms  (which  on  this  account  are  separated  by 


Fig.  1241.— Cranium  of  Rhinoceros  i?icisivus  ;  from  tlie  Lower  Pliocene  of  Germany. 
One-seventh  natural  size.    (After  Kaup.) 

Professor  Cope  under  the  name  Aphelops,  fig.  1242)  the  number 
of  digits  was  reduced  to  three ;  and  these  forms  were  thus  similar 
to  some  female  examples  of  the  existing  R.  sondaicus,  in  which  the 
horn  is  absent.  In  Europe  this  group  ranges  from  the  Lower  Mio- 
VOL,  II.  2  H 
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cene  to  the  Lower  Pliocene ;  it  also  occurs  in  the  Upper  Miocene 

Tf  i  °^  ""^       ''^^  Upper  Miocene  (or  ?  PHocen"^ 

of  North  Amenca.     In  the  I^icera^,enne  group  (Z^La  2 


Fig.  i242.-Skull  o(JiAi„oceros  „ura/ofus:  from  the  Upper  Miocene  of  Colorado. 
One-sixth  natural  size.    (After  Cope.) 

Marsh)  there  was  a  transversely-placed  pair  of  small  nasal  horns ; 

the  formula  of  the  cheek-teeth  being  I.      C.  °  :  it  is  represented 

in  the  Lower  Miocene  of  Europe  by  ^.  mmu/us,  and  by  another 
species  m  North  America.  At  this  stage  of  evolution  the  genus 
disappeared  from  the  latter  country. 

The  Rhinocerotine  group  is  characterised  by  the  presence  of  a 
single  well-developed  nasal  horn,i  and  of  cutting-teeth  in  both  jaws 
It  IS  represented  at  the  present  day  by  the  Asiatic  R.  sondaicus  and 
R.  unicornis  (fig.  1243),  the  upper  true  molars  of  the  former  being 
of  the  type  of  those  of  R.  7negarhinus  (fig.  1239),  while  those  of  the 
latter  are  of  the  more  specialised  type  of  R.  antiquitatis  (fig.  1245). 
The  ancestor  of  R.  so?idaicus  is  probably  to  be  found  in  R.  sivalensis, 
of  the  Pliocene  of  India ;  while  R.  palceijidicus  appears  to  be  the 
species  from  which  R.  unicornis  has  sprung.     The  Ceratorhine 
group,  represented  by  the  existing  Asiatic  R.  sumairefisis,  and  the 
European  Lower  Pliocene  R.  Schleiermacheri,  differs  from  the  pre- 
ceding by  having  two  horns,  placed  one  behind  the  other  in  the 
median  line,  but  still  retains  cutting-teeth  in  both  jaws ;  the  upper 

'  The  lioni  of  the  Rhinoceroses,  it  should  be  observed,  consists  merely  of  a 
bundle  of  closely  agglomerated  bristles,  and  has  no  bony  attachment  to  the 
skull. 
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molars  in  both  species  being  of  the  type  of  fig.  1239.  This  group 
cannot  probably  be  separated  from  the  next,  with  which  it  is  con- 
nected by  R.  persice,  of  the  Pliocene  of  Maragha  in  Persia,  which 
had  lower  canines,  although  apparently  allied  to  i?.  platyrhinus. 
The  most  specialised,  or  Atelodine,  group  is  represented  at  the 


Fig.  1243.— Worn  lefi  upper  dentition  of  Rhinoceros  unicornis:  India.    Much  reduced. 

(After  Cuvier.) 


present  day  by  the  African  H.  simus  and  R.  bicornis,  in  which  there 
are  two  large  horns,  but  no  cutting-teeth  in  either  jaw.  Of  species 
with  upper  molars  of  the  simpler  type  of  fig.  1239,  we  may  mention 
R.  pachygnathus,  of  the  Lower  PHocene  of  Greece  and  the  isle  of 
Samos,  which  is  closely  allied  to  the  African  R.  bicornis ;  R. 
eiruscus  (fig.  1244),  of  the  Upper  Pliocene  of  Europe  (in  which 


Fig.  1244 — Palatal  view  of  the  cranium  of  Rhinoceros  etruscus,  with  the  teeth  much  worn  ; 
Upper  Pliocene,  Italy.    One-seventh  natural  size. 

the  molars  are  of  a  brachydont  structure)  ;  R.  deccanensis  and  R. 
karnuliensis,  of  the  Pleistocene  of  Southern  India ;  and  R.  mega- 
rhinus  (fig.  1239)  and  R.  leptorhinus,  of  the  European  Pleistocene. 
In  the  latter  there  is  an  ossification  of  the  nasal  septum.  The 
other  members  of  this  group  have  their  upper  molars  (fig.  1245)  of 
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a  more  complex  type ;  there  being  an  absence  of  a  buttress  at  the 
antero-external  angle,  and  the  folds  of  the  crown  so  arranged  that 
when  more  worn  than  in  the"  figured  specimen  three  islands  of 
enamel  would  be  formed  on  their  crowns.  These  teeth  are  also 
characterised  by  their  plane  of  wear  being  perfectly  horizontal  and 
by  their  relatively  tall  crowns.  An  early  member  of  this  type  is 
platyrhinus,  of  the  Pliocene  of  Northern  India ;  from  which  species 


Fig.  1245.— The  second  tight  upper  true  mc.Iar     Rhinoceros  antiqnitath  ;  from  the 

Pleistocene  of  Kent. 

it  is  highly  probable  that  both  the  existing  African  R.  simus,  and 
the  Pleistocene  R.  antiquitatis,  of  Northern  Asia  and  Europe,  have 
been  derived. 

The  latter  species,  of  which  the  skull  is  represented  in  fig.  1246  and  an 
upper  molar  in  fig.  1245,  is  sometimes  known  as  the  Woolly  Rhinoceros, 
since  it  was  covered  with  a  thick  coat  of  woolly  hair.  The  skin  was 
devoid  of  the  folds  which  characterise  the  large  Indian  species  ;  and  the 
front  horn  was  of  very  large  size.  As  in  some  of  the  Pleistocene  species 
the  septum  of  the  nares  was  completely  ossified  (fig.  1246).  This  species 
is  essentially  a  northern  form,  and  has  nearly  the  same  distribution 
as  the  Mammoth,  although  it  does  not  appear  to  have  crossed  Behring 
Strait  into  America.  In  time  this  Rhinoceros  makes  its  first  appearance 
in  the  Pleistocene  Brick-earths  of  the  Thames  valley,  and  is  very  common 
in  European  cave-deposits,  and  in  the  tundras  of  Siberia.  Complete 
carcasses,  still  covered  with  the  dried  flesh,  skin,  and  hair,  have  not  unfre- 
quently  been  found  washed  out  from  the  frozen  alluvial  deposits  of  these 
tundras  on  the  banks  of  the  Yenesi  and  Lena ;  from  which  we  learn  that 
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the  food  of  this  animal  mainly  consisted  of  the  leaves  and  twigs  of  juniper 
and  other  coniferous  plants. 

The  last  representative  of  this  family  is  the  gigantic  Elasmo- 
therium  {Stereoceros)  of  the  Pleistocene  of  Siberia,  in  which  the 

dental  formula  of  the  adult  is  /.  °   C.  °,  Pm.     M.  \.    The  struc- 

o        o  23 

tore  of  the  skull  and  limbs  is  essentially  Rhinocerotic ;  and  in  the 

former  the  narial  septum  was  completely  ossified,  and  the  frontals 

have  a  huge  bony  protuberance  for  the  support  of  a  large  horn 

corresponding  to  the  second  one  of  Rhinoceros  a?iiiquitatis.  The 

teeth  differ  considerably  from  those  of  any  species  of  Rhinoceros, 


Fig.  1246. — Right  lateral  aspect  of  the  skull  of  a  young  individual  of  Rhinoceros  anliquitatis ; 
from  the  Pleistocene  of  Siberia.  Reduced. 


and  are  characterised  by  their  very  tall  crowns,  plicated  enamel, 
and  smooth  plane  of  wear.  Their  structure  is,  however,  merely  an 
extreme  modification  of  the  Rhinocerotic  type,  to  which  the  nearest 
approach  among  later  forms  is  made  by  R.  antiquitatis.  There  is, 
however,  in  these  teeth  a  marked  resemblance  to  those  of  Cadurco- 
therium  and  Homalodontotherium,  and  it  is  not  improbable  that 
Elasmotherium  presents  the  last  representative  of  a  stock  descended 
from  the  former  genus  which  has  remained  altogether  apart  from 
the  true  Rhinoceroses. 

Family  LambdotheriiDvE. — With  the  LambdotheriidcE  we  enter 
upon  the  consideration  of  the  first  of  three  extinct  families  in  which 
the  cheek-teeth  have  remarkably  short  (brachydont)  crowns,  and 
diverge  to  a  certain  extent  from  the  more  typical  Lophodont  form. 
The  upper  true  molars  (fig.  1247)  may  be  described  as  consisting 
of  four  columns,  of  which  the  two  hindmost  are  frequently  con- 
nected by  an  oblique  transvers  e  ridge  ;  while  there  may  also  be  a 
more  incomplete  anterior  ridge.     When  these  teeth  are  worn  two 
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Kig.  1247.— The  third  right  upper  true 
molar  of  CItahcotheriiim  sineiise ;  from 
ihe  Phocene  of  China. 


y-shaped  surfaces  of  dentine  appear  on  the  crown.    This  tvoe  of 
tooth  may  be  derived  from  the  Lophodont  by  the  more  or  less 
complete  abortion  of  the  middle  portions  of  the  transverse  ridges 
Ihe  upper  premolars  are  simpler  than  the  true  molars,  and  have 
but  a  smgle  mner  column ;  while  the  lower  cheek-teeth  are  crescen 
toid,  the  last  true  molar  usually  not  having  a  complete  third  lobe. 

There  was  always  a  diastema  in  the 
dental  series,  and  the  skull  was  de- 
void of  bony  protuberances.  In 
the  present  North  American  family 
the  femur  has  a  third  trochanter,  and 
the  feet  are  of  the  normal  Perisso- 
dactylate  type,  the  manus  being  pro- 
vided with  four,  and  the  pes  with 
three  digits.    This  family  is  repre- 
sented by  Palceosyops  and  Linmo- 
therium,  from  the  Upper  Eocene,  in 
which  there  are  four  premolars,  and 
the  last  lower  true  molar  has  a  third 
lobe;  the  canines  being  large  and 
resembling  those  of  the  Carnivora. 
Lajnbdotherium  is  another  form  of 
later  age ;  while  in  the  White-river  Miocene  of  Canada  we  have 
Jiaplacodon,  with  only  two  pairs  of  lower  incisors. 

Family  Chalicotheriid^.  —  The  second  family,  or  C/ialico- 
thentda,  is  found  in  both  the  Old  and  the  New  Worlds,  and  pre- 
sents such  a  remarkable  abnormality  in  the  structure  of  the  feet, 
as  to  render  it  for  the  future  quite  unsafe  to  predict  the  character 
of  an  animal  from  a  single  bone,  and  to  make  invalid  the  old 

maxim  ex  ungue  konem.  In 
the  femur  the  third  tro- 
chanter has  been  lost;  and 
in  the  feet,  while  the  proxi- 
mal bones  retain  their  normal 
Perissodactylate  character, 
the  phalangeals  have  been 
modified  to  resemble  those 
of   Edentates,    the  second 

Fig.  i248.-Anteriorand  distal  aspects  of  a  second     phalangeal    (fig.    I  248)  haV- 

Si'waUifs^'^'  '^'^'^^'"i'^^^"'"  sivaiense;  from  the  jng  a  Strongly  developed  dis- 
tal trochlea  for  the  articula- 
tion of  the  huge  claw  forming  the  terminal  joint.  These  phalan- 
geals have  been  described  under  the  names  of  Macrotheriiun 
and  Ancylotherium,  and  were  until  quite  recently,  when  they  were 
found  by  Dr  Filhol  in  association  with  the  skull  and  the  rest 
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r  rhnUmthpriimi   thought  to  belong  to  huge 
of  the  skeletcn.  ^^Z^l^^^^o^  H  '^f 

Edentates.    The  latter  w  resemblance  of  its  denti- 

genus  as  a  veritable  ^.dentate,  u  essentially  Pensso- 

Ion  to  that  oiPala^yoP^  coupled  w^th  the  ^ess  _  ^  J^^^^^ 

dactylate  characters  of  the  r  ^t^  acceptation  of 

opisthoccBlous    cemcal  vertebrae  ^^.^  ^^^^^^^  ^^.^^^^  ^ 

*^l/""'H-fi^d  aT  'berrai  t  Ungulate.^  In  the  type  genus 
highly  modified  .^"^^^^f^^X^r.^.m....  is  identical,  there  were 
Chahcothermm,  with  ^V^^^^^f;^'/'^^i„„  teeth  analogous  to  those 
variations  in  the  number  of  ^et  B  ^^^^^^^^ 

obtaining  in  Rhinoceros,  which  may  be  expressea  oy 
^  (0-3)   ^  (o-£)^        3^       3     The  type  species,  which  should 

be'k^L  as  C.^,anJ,  0  Jrs  typically  ^ower  PUoce^^^^ 

Kaup  to  a  distinct  genus  Nestoritherium,  on  account  of  the  absence 
otthe  anterior  teeth.    The  phalangeal  from  the  PI---  "^^f™^^^ 
Presented  in  fig.  1248  doubtless  belongs  to  a  small  individual 
of  th  s  species,  alfhougS  first  described  as  Manis,  and  subsequently 
TMaZnerU     It' has  likewise  been  lately  -o^^ed^  frcn.  the 
White -river  Miocene  of  Canada  and  the  Loup -Fork  beds  ot 
Kansas     The  last  lower  molar  of  Chalicothenum  has  third 
^be     From  the  Lower  Pliocene  of  Attica  the  ge-s^^^^^^^^^^^ 
described  on  the  evidence  of  a  lower  jaw  with  a  Chahcotheroid 
dentition,  but  with  a  third  lobe  to  the  last  molar,  is  probacy  iden- 
tical with  Ancylotherium,  founded  upon  the  evidence  of  ^^^J^  f^^';^^ 
the  same  beds,  which  are  of  the  same  general  type  as  those  of  Ae 
so-called  Macrotherium.    Ancylotherium  also  occurs  in  the  Lower 
Pliocene  of  the  isle  of  Samos.    Leptodon  Y...  been  provisiona l  y 
referred  by  Dr  Schlosser  to  the  next  family.    Moropus,  from  the 
Loup  Fork  of  Kansas,  and  Morotherium,  from  the  Miocene  of  the 
United  States,  which  were  described  by  Professor  Marsh  as  Eden- 
tates are  probably  closely  allied  to,  if  not  identical  wi  h,  either 
cTaH^theLn      Ancylothenun.    Finally,  the  imperfectly  known 
Brachydiastematotheriunt,  from  the  Eocene  of  Hungary,  is  probably 

1  Professor  Cope  has  recently  proposed  to  tnake  ChalicotheHum  the  type  of  a 
distinct  order  under  the  name  of  Ancylopoda. 
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bnnct^'o^^  ^TJ  "^'^^      ^-dently  a  very  ancient 

^  It.  Co^ndSr^       ~  ^een' 

tha  Dr  Schlosser  has  proposed  to  unite  the  two  In  the 
present  family  at  least  the  fourth  upper  premolar  hal  wo  inner 
columns  and  is  thus  as  complex  as  the  true  molars  ;  whileTn  hose 
forms  of  which  the  limbs  are  known  there  are  four  anterior  Ind  three 
posterior  digits.  The  third  trochanter  of  the  femur  is  rudh"  entar 
Paired  bony  protuberances  may  be  present  in  the  fronto-nasal  region 
of  the  skull.  In  I^.j^laco^on,  of  the  Eocene  of  North  America  only 
the  fourth  upper  premolar  is  as  complex  as  the  true  molar ;  the 
canines  are  as  large  as  in  I>a/ceosyoj^s ;  the  incisors  ^re  small; 
and  the  skull  has  no  bony  protuberances. 

The  type  genus  Tita7iotherium,  which  Messrs  Scott  and  Osborn 
consider  should  include  Menodus  {w^occu^i^d\  Megacerops,  Bron- 
totherium,  Diconodon,  and  probably  Symborodon,  is  confined  to  the 


Fig.  i249.-Left  lateral  aspect  of  the  cx^vCi^.^  o{  TitanotheHum  cotoradcnse  :  from  the 
Miocene  of  North  America.    Greatly  reduced.    (After  Marsh.) 

Miocene  of  North  America,  and  comprises  animals  of  huge  bulk  ; 
and  It  is  probable  that  the  forms  recently  described  by  Professor 
Marsh  under  the  names  of  Allops,  Bro7itops  (fig.  1250),  and  Merwps 
are  not  really  separable.  An  entire  skeleton  is  shown  in  fig.  1250, 
and  a  cranium  in  fig.  1249.  The  number  of  teeth  is  subject  to  a 
variation  analogous  to  that  obtaining  in  Rhitioceros,  this  variation 


being  expressed  by  the  formula  L      ^\  C. 

(°-3) 


Fm. 


(3-4)'  3 

'  The  name  Menodus  is  the  earliest  of  those  applied  to  these  animals,  but  is  in- 
admissible on  account  of  the  earlier  application  of  Meuodon  to  a  fossil  reptile. 
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The  molars  and  premolars  are  alike,  the  incisors  are  small,  and  in 
those  species  with  a  full  dentition  there  is  no  diastema  ;  while  in  the 
typical  forms  the  canines  are  small.    The  cranium  (fig.  1249)  is 
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elongated,  with  a  small  brain-cavity,  proiectine  nasal,  nnri  .     •  r 

Family  MACRAUCHENiiD^.-Here  may  be  placed  this  remark 

ve  teW  ''7f^t  f '^'"^^  generalised  characters  T  the 

vertebr^  and  hmb-bones,  such  as  are  unknown  in  any  other  mem 

no^to  be  -ri^-^  th'ink  t  oTght" 

not  to  be  mcluded  m  the  Perissodactyla.  In  the  typical  Afacrfu 
cAen^a  from  the^  Pleistocene  of  South  America  the' denuSn It 
I-  C.  ^,  I>m.  ~,M^^y  the  cheek-teeth  are  Rhinocerotine  in 
structure,  the  upper  molars  showing  two  external  V-shaped  dentine 
surfaces  and  two  transverse  ridges;  while  there  is  only  a  very  small 
diastema  in  the  lower  jaw.  The  cervical  vertebra  resemble  those 
ot  the  Came/idcs  in  the  position  of  their  arterial  canal.  The  fibula 
articulates  with  the  calcaneum  (as  in  the  Artiodactyla),  and  there 
are  three  digits  in  each  foot,  of  which  the  lateral  ones  are  of  large 
^he  incisors  have  a  deep  coronal  infolding  of  the  enamel,  as 
m  the  and  Dr  Hermann  Burmeister  thinks  that  the  muzzle 

was  produced  into  a  short  proboscis.  The  type  species  is  M.  pata- 
chontcha;  an  allied  form  from  the  infra-Pampean  beds  of  Argentina 
named  by  Bravard  PalcBotherium  paranense,  is  referred  by  Dr  Bur- 
meister to  this  genus,  but  has  been  made  the  type  of  a  distinct 
genus  by  Dr  Ameghino,  under  the  name  of  Scalibrinithermm  Bra- 
vardi.  M.  tftmuta  from  the  same  deposits  is  made  by  the  latter 
writer  the  type  of  Oxydontotherium ;  and  the  name  Mesorhinus  is 
applied  to  yet  another  form  from  the  same  area.  Here  also  may  be 
noticed  Theosodon  from  the  above-mentioned  deposits,  which  is 
placed  by  Dr  Ameghino  in  this  family,  although  it  may  be  allied  to 
Homalodontotheriwn,  which  is  also  placed  here  by  that  writer. 

Suborder  3.  Toxodontia.— This  group  includes  a  number  of 
very  aberrant  and  generalised  Ungulates  from  the  Tertiaries  of  South 
America,  which  present  affinities  to  the  Perissodactyla,  Proboscidea, 
and  Rodentia,  and  consequently  render  it  almost  impossible  to  draw 
up  any  distinctive  diagnosis. 

Family  Toxodontid.e. — Nesodon  from  strata  of  unknown  Ter 

tiary  age  in  Patagonia  has  its  dental  formula  Z  ^,  C  ^,  Pm  ^  M.^ . 

u    ■    •  3       I        "4  "3' 

the  incisors  having  short  crowns,  and  the  true  molars  a  complex 

Rhinoceroid  structure,  and  thus  connecting  the  dentition  of  Macrau- 

clienia  and  Homalodontotheriu7n  with  that  of  the  next  genus.  The 

small  N.  ovinus  was  about  the  size  of  a  Sheep ;  but  its  limb-bones 
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.re  unknown.  In  Toxodon,  of  which  the  type  species  is  of  large 
sLe  and  found  in  the  Pleistocene  of  Argentina,  the  dental  for- 
mula is  /.      C.  °,  Pm.  4,  M.  3.    All  the  teeth  (fig.  1251)  grow 

from  Dersisint  pJilps ;  the  lower  canines  are  very  minute  the  inci- 
or"irrge    ndL  crowns  of  both  the  latter  and  of  the  cheek-teeth 

Jrondv  curved  The  structure  of  the  latter  is  a  simplification  of 
he  pi  n  obtdning  in  Nesodon.  The  femur  has  no  third  trochanter, 
he  fibula  articulates  with  the  calcaneum,  and  the  cranium  approxi- 

rnates  in  some  respects  to  that  of  the  Smdce.    In  the  typical  T. 

^nTsZ  outerm'ost  upper  incisor  is  the  larger  of  the  two,  the 


reverse  condition  obtaining  in  T.  Burmeisteri  (fig.  1251).    From  the 
infra-Pampean  deposits  Dr  Ameghino  has  recently  described  vari- 
ous remains  of  allied  forms  under  the  names  of  Toxodontotherium, 
Haplodontotherium,  and  Dilobodon.    A  mandible  from  the  Tertiary 
of  Monte  Hermosa,  in  Argentina,  is  characterised  by  the  triangular 
form  of  the  third  incisor,  and  has  accordingly  been  named  Trigodon 
by  Dr  Ameghino.    Dr  Moreno  states,  however,  that  this  mandible 
belongs  to  the  same  animal  as  the  teeth  described  as  Toxodontother- 
ium and  Haplodontotherium  ;  and  he  would  adopt  for  their^  o\yTier 
the  name  Trigodon  as  the  one  which  was  alone  well  defined.      i  he 
type  mandible  is  peculiar  in  having  only  a  single  median  mcisor 
placed  on  the  line  of  symphysis,  but  this  is  probably  an  ^dividual 
abnormality.    Apparently  more  nearly  allied  to  Nesodon  (which  Dr 
Ameghino  makes  the  type  of  a  distinct  family)  are  Colpodon  and 
Protoxodon;  while  other  allied  remains  described  by  the  same  writer 
from  the  Tertiaries  of  Argentina  under  the  names  of  Inter ather mm, 
Toxodo7itophanes,  and  Tembotherium,  are  referred  to  two  distinct 
families.  . 

Family  TvpOTHERiiDyE.— Perhaps  still  more  remarkable  is  lypo- 

1  This  name  is  really  preoccupied  by  the  earlier  Trigonodoit  and  Trigonodus. 
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therium  {Mesotheriuni)  from  the  infra-Pampean  beds  of  Argentina, 

in  which  the  dentition  is  /.      C.  °  Pm  ~  M  ^     Th.  ■  ■ 

2'  o'  •  i'  ^-  ihe  incisors 
grow  from  persistent  pulps ;  and  the  structure  of  the  cheek  teeth 
recalls  that  of  ro:.od.n.  The  skull  (fig.  1252)  is  of  an  Un^^ 
late  type;  there  is  a  third  trochanter  \o' the  Liur;  and  cla^S 


i-ig.  i252.-Skullof  Typotkerium  cristatum  :  from  the  infra-Pampean  of  Argentina 

One-half  natural  size. 

(which  are  unknown  in  any  other  Ungulate)  are  present.  This 
peculiar  genus  presents  characters  connecting  the  Toxodo?itidce  with 
the  Rodents.  Allied  forms  from  the  infra-Pampean  deposits  of  the 
same  region  have  been  described  as  Protypotheriiim,  Stctotephanus, 
and  Tomodus  ;  while  Pachyrucus  from  the  later  Tertiary  of  Monte 
Hermosa  is  a  much  smaller  form  with  three  premolars. 

Suborder  4.  Condylarthra. — This  group  comprises  a  number 
of  very  generalised  Ungulates  mostly  from  the  Eocene  of  North 
America,  which  are  grouped  by  Professor  Cope,  on  account  of  the 
structure  of  their  feet,  with  the  Hyracoidea  in  a  division  termed 
Taxeopoda.i  Both  the  present  group  and  the  Hyracoidea  are 
characterised  by  the  scaphoid  of  the  carpus  being  supported  by  the 
trapezoid  and  not  by  the  magnum,  which  carries  the  lunar ;  while 
in  the  tarsus  the  cuboid  articulates  proximally  with  the  calcaneum 

^  Professor  Cope  would  also  include  the  Primates  among  the  Taxeopoda. 
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1 ,     There  is  but  slight  mutual  interlocking  of  the  carpal  and 
K    i    the  structure  of  these  joints  being  simpler  than  m  the 
'7h:  L""de  f  an'rerembling  those  of  the  Unguiculate  orders 
f  1   ronlTnrthra  the  dental  formula  is  nearly  always  the  typical 
"     the  Che' S^^^^^^^^     b-chydont,  and  usually  bunodont,  although 
nrelV  lophodon      The  premolars  are  simpler  than  the  true  molars, 
w'S  mfy  be  tntubercuL  like  those  of  many  Carmyora    the  can 
fnes  and  incisors  frequently  also  recall  those  of  that  order.  The 
humerus  is  peculiar  among  Ungulates  in  having  an  entepicondylar 
forLen  :  the  femur  has  a  third  trochanter ;  the  astragalus  as  m  the 
earn  vorL,  presents  a  uniformly  convex  distal  articular  surface ;  and 
there  is  no  articular  facet  for  the  fibula  either  on  this  bone  or  on 
he  calcaneum.     The  feet  usually  have  five  digits,  with  sharply 
pointed  terminal  phalangeals ;  and  the  radius  and  ulna  are  distinct 
This  suborder  may  be  regarded  as  containing  the  ancestral  types 
from  which  the  Artiodactyla  and  Perissodactyla  have  sprung.  It 
further  presents  such  remarkable  signs  of  affinity  (especially  m  the 
structure  of  the  teeth,  the  form  of  the  astragalus,  and  the  presence 
of  the  foramen  in  the  humerus)  with  the  Carnivora,  that  it  seems 
highly  probable  that  we  may  look  upon  the  Condylarthra  as  a  side 
branch  from  the  original  ancestral  stock  of  the  Carnivora,  which  is 
most  nearly  represented  by  the  more  primitive  Creodonts. 

Family  Periptychid^.— In  this  the  most  generalised  family  the 
dentition  is  bunodont ;  the  digits  are  five  on  each  foot ;  the  astra- 


Kig.  .■^s-i.-reriptychus  rhabdodon.    Right  upper  («)  and  lower  (b)  cheek-deiuition  grinding 
surface ;  from  the  Puerco  Eocene  of  New  Mexico.    Two-thirds  natural  size.    (After  Cope.) 

galus  has  no  trochlea ;  and  the  premolars  are  very  simple.  In  the 
type  genus  Perifitychus,  from  the  Lowest,  or  Puerco,  Eocene  of  New 

Mexico,  the  dental  formula  is  /.  C.      Fm.  ^  M.  ^,  and  the 

incisors  and  lower  canines  are  small.    The  typical  P.  rhabdodon 
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(fig.  1253)  is  characterised  by  its  vertically  grooved  premolars 
Other  genera  from  the  North  American  Eocene  are  HexTd^Ecto 
conns  Anuonckus,  HemithLus,  Raploconus^  and  Z.to7oZ  7 
the  fourth  may  be  not  separable  from  the  third.  From  this  flm  y 
Dr  Schlosser  regards  the  bunodont  Artiodactyla  as  derived  and 
thmks  a  direct  relationship  can  be  traced  from  Periptychus  to  lZt 
odon,  and  thus  to  the  other  Ch^ropotamidce.  The  humerus  Is 
short,  and  much  expanded  distally.  numerus  is 

Family  PHENAcoDONxiD^.-In  this  family  the  brain  (fig.  12C4) 
IS  characterised  by  the  extremely  small  size  of  the  hemispheres. 


Fig.  i254.-Inrerior,  superior,  and  left  lateral  aspects  of  the  brain  of  Phenacodus  6ri, 
from  the  Lower  Eocene  of  North  America.    (After  Cope.) 


riinavus  ; 


which  are  only  one-fourth  longer  than  the  cerebellum,  and  thus 
indicate  a  very  low  type  of  organisation.    The  family  is  readily 
distinguished  from  the  preceding  by  having  a  proximal  trochlea  to 
the  astragalus,  by  the  longer  neck,  and  less  simple  premolars,  which 
are,  however,  different  from  those  of  the  following  family.  The 
type  genus  Phenacodus  (fig.  1255)  includes  several  species  from  the 
Puerco  and  Wasatch  Eocene  of  North  America,  varying  from  the 
size  of  a  small  terrier  to  that  of  a  leopard.    The  dental  series  com- 
prises the  full  typical  number ;  and  although  the  crowns  of  the  upper 
true  molars  are  of  a  bunodont  structure,  yet  they  could  be  readily 
modified  into  the  lophodont  type  of  Byracotherium,  and  we  must 
probably  regard  the  latter  as  a  direct  descendant  of  the  present 
genus,  with  perhaps  the  intervention  of  Systemodofi.  Professor 
Riitimeyer  has  described  some   upper  molars  from  the  Upper 
Eocene  of  Switzerland  which  he  refers  to  Phenacodus,  although 
they  are  much  more  of  a  lophodont  type  than  in  the  American 
species. 

Professor  Cope  remarks  of  one  of  the  species  of  Phenacodus  that  "  the 
size  of  the  animal  is  about  that  of  a  Bull-dog,  but  the  head  is  smaller, 


1382 


CLASS  MAMMALIA. 


and  the  neck  rather  shorter  and  not  nearlv  so  rnhns^    tv,o  r  u 

Vorimani  -is  Tn  nnimni      .'i  "  '  imagine  the  PImtacodus 

dZ  Ztl  .  !    A     T    ,^  ^''^  comparatively  slender  build  of  the  Bull- 
dog, with  a  head  and  neck  proportioned  more  as  in  the  Racoon  and  whh 
the  rump  more  elevated  than  the  withers,  as  in  the  Peccary  '  The  fee 
resembled  those  of  a  Tapir  or  Rhinoceros,  but  had  an  [Sdidona  1  mi 
of  short  toes  on  each  foot,  which  did  not  reach  the  ground     To  A  add 
3ieT  ^  ^^'^      P'-^P^^io'^^'  and  the  pic^re  is  complete  In 

smalW  thrn'^hiH^^  ommvorous,  the  proportions  of  animal  food  being 
smallei  than  the  Hogs,  for  instance,  use.   The  food  is  more  likely  to  have 
resembled  that  of  the  Primates.   What  means  of  defence  thi  spedes  had 
IS  not  easily  surmised,  as  the  canine  teeth  and  hoofs  are  not  la?ge  " 
llie  species  represented  in  the  accompanying  woodcut  was  of  larcrpr 

tv™eTrShe;r™5"  T  """P'  ^^"^'"^  ''  ^^'^  intermediate  in  sizeTe- 
nn^^.  1  P-^"!!?  ^  \^P"-  Comparing  it  to  an  animal  with  an  equally 
long  tail  we  might  perhaps  take  a  Leopard  as  a  fair  representative.  The 
remarkab  e  length  of  the  tail  at  once  shows  a  wide  difference  from  aU 
existing  Ungulates.  Professor  Cope,  from  the  structure  of  the  bones  of 
the  nasal  region,  suggests  that  the  head  may  have  had  a  short  proboscis. 

Other  genera  from  the  American  Eocene  are  Protogonia,  Anac- 
odon,  and  Diacodexis.  The  former  occurs  in  the  Puerco,  and  typically 
has  but  one  outer  tubercle  to  the  fourth  premolar,  in  place  of  the 
two  of  Fhenacodus.  Professor  Riitimeyer  refers  to  this  genus  teeth 
from  the  Upper  Eocene  of  Switzerland. 

Family  Meniscotheriid^e.— This  family  is  taken  to  include  two 
genera  characterised  by  their  lophodont  dentition,  which  are  evi- 
dently more  specialised  than  the  preceding  types.  By  Dr  Schlosser 
they  are  regarded  as  allied  to  the  ChalicotheriidcB,  and  there  are 
perhaps  indications  of  afifinity  between  the  European  genus  and  the 
Hyracoidea.  The  humerus  is  longer  and  less  expanded  than  in  the 
Periptychidm,  but  the  number  of  the  digits  is  unknown.  There  is 
no  marked  diastema  in  the  dental  series.  The  typical  genus  Meiiis- 
cotherium  is  from  the  Wasatch  Eocene  of  New  Mexico,  and  is  char- 
acterised by  its  small  incisors,  and  the  presence  of  two  outer  lobes  to 
the  last  upper  premolar.  Teeth  from  the  Swiss  Eocene  have  been 
referred  to  this  genus.  In  Hyracodo)itotherium,  from  the  Upper 
Eocene  of  France,  the  upper  incisors  are  large  and  curved,  the  first 
being  especially  enlarged,  and  closely  resembling  the  corresponding 
tooth  of  Hyrax ;  the  canine  is  small,  and  resembles  the  third  in- 
cisor ;  while  the  fourth  premolar  has  but  a  single  outer  lobe  or 
tubercle.    Two  species  are  known  by  the  skull. 

Suborder  5.  Hyracoidea. — As  mentioned  under  the  head  of 
the  Condylarthra,  the  structure  of  the  carpus  and  tarsus  in  the 
Hyracoidea  is  the  same  as  in  that  suborder,  but  the  terminal  phal- 
angeals are  truncated,  and  there  is  an  interlocking  articulation  be- 


ORDER  UNGULATA. 


1383 


tween  the  fibula  and  astragalus.  This  suborder  is  represented  solely 
by  the  family  Hyracidce,  containing  the  two  existing  genera  Hyrax 
(fig.  1256)  and  Detidrohyrax  ;  both  of  which  are  confined  to  Africa 
and  Syria,  and  are  unknown  in  a  fossil  condition.    The  dental 

formula  of  the  adult  is  /      C.      Pm.      M.  ^  ;  there  are  four 

10  4  3 

milk-molars  ;  the  incisors  grow  from  persistent  pulps,  and  the  pattern 
of  the  cheek-teeth  is  of  a  Rhinocerotic  type.    The  fore-feet  have 


Fig.  1256. — Left  lateral  aspect  of  the  skull  oi  Hyrax  ca/etisis.  Reduced. 


three,  and  the  hind  ones  four  digits ;  and  the  terminal  phalangeals 
(except  in  the  inner  digit  of  the  pes)  have  rounded  hoof-like  nails. 
The  coracoid  process  of  the  scapula  is  well  developed ;  there  is  nO' 
entepicondylar  foramen  to  the  humerus  ;  the  femur  possesses  a  small 
third  trochanter ;  and  the  tibia  and  fibula  are  distinct. 

Suborder  6.  Amblypoda. — In  this  suborder,  which  comprises 
primitive  Ungulates  of  great  bulk  from  the  Eocene  of  Europe  and 
North  America,  the  carpus  (fig.  1257,  b)  is  characterised  by  the 
scaphoid  being  supported  by  the  trapezoid  and  not  by  the  magnum, 
while  the  latter  and  the  unciform  support  the  lunar ;  in  the  tarsus 
the  cuboid  articulates  with  both  the  calcaneum  and  astragalus.  The 
carpus  is  therefore  of  a  more  primitive  type  than  the  tarsus.  Both 
the  carpal  and  the  tarsal  bones  interlock  to  a  slight  extent  (fig.  1257,, 
B,  c) ;  the  astragalus  is  flat  (fig.  1257,  c) ;  the  feet  are  short,  planti- 
grade, and  furnished  with  five  digits  ;  and  the  fibula  articulates  with 
the  calcaneum.  The  brain  (fig.  1257,  a)  is  very  small  in  propor- 
tion to  the  cranium.  The  cheek-dentition  (fig.  1258)  is  of  a  primi- 
tive lophodont  type ;  the  crowns  of  all  these  teeth  being  very  short, 

VOL.  n.  2  I 
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and  the  upper  true  molars  and  the  hinder  premolars  bearing  two 
mam  oblique  ridges,  which  usually  form  one  or  two  Vs.  Upper 
and  lower  canines  are  always  present.  The  pelvis  (as  seen  in  fig 
1260)  resembles  that  of  the  Elephants  in  the  enormous  expansion 
and  vertical  position  of  the  ilia,  but  is  distinguished  by  the  circum- 
stances that  the  ischia  do  not  enter  into  the  ventral  symphysis. 
This  suborder  is  usually  divided  into  three  sections;  but  a  form 


Fig.  1257. — Outline  of  upper  aspect  of  cranium  (a),  the  left  manus  (  bI)  and  pes  (c)  of  Coryplio- 
don  hamatus ;  from  the  Wasatch  Eocene  of  North  America.  A,  one-fifth,  b  and  c,  one-third 
natural  size. 


recently  discovered  in  the  Bridger  Eocene  of  North  America,  and 
named  Elachoceros,  presents  characters  connecting  the  last  two,  and 
will  perhaps  render  it  eventually  necessary  that  they  should  be 
abolished.  Excluding  this  form,  the  characters  of  the  three  sections 
are  as  follows  : — 

1  In  the  first  row  of  carpal  bones  the  one  on  the  right  of  the  figure  is  the 
cuneiform,  the  central  one  the  lunar,  and  that  on  the  left  the  scaphoid  ;  in  the 
second  or  lowest  row  the  bone  on  the  right  is  the  unciform,  the  central  one  the 
magnum,  and  the  one  on  the  left  the  trapezoid. 
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Section  A.  Taligrada.— The- astragalus  has  a  head;  there  is  a 
third  trochanter  to  the  femur;  and  superior  incisors, are  present. 

Family  Pantolambdid^.— The  one  family  of  this  .section  is  re- 
presented by  the  genus  Fantolambda,  from  the  Puerco,  or  Lowest, 
Eocene  of  New  Mexico,  which  presents  the  feature,  quite  unique 


Fie  i2s8.— Left  upper  cheek-dentition  ol  Coryphodon  hamatns  :  from  the  Wasatch  Eocene 
of  North  America.    One-half  natural  size.    (After  Marsh.) 

among  lophodont  Ungulates,  of  having  the  upper  true  molars  with 
narrow  subtriangular  crowns  like  those  of  the  premolars  of  Coryph- 
odon (fig.  1258).  This  is  a  very  important  feature,  as  showing 
the  relationship  of  the  dentition  of  the  Ungulata  to  that  of  the 
Carnivora ;  and  also  as  indicating  that  those  Ungulates  which  have 
the  upper  premolars  as  complex  as  the  true  molars,  are  more  special- 
ised than  those  in  which  the  reverse  condition  obtains. 

Section  B.  Coryphodontia. — In  this  group,  which  Professor 
Cope  terms  Pantodonta,  the  astragalus  has  no  head;  there  is  a 


Fig.  1259. 


-Palatal  aspect  of  the  cranium  of  Cotyfiltodon  hamatus :  from  the  Wasatch  Eocene 
of  New  iVIexico.    Two-ninths  natural  size.   (After  Cope.) 


third  trochanter  to  the  femur;  and  upper  incisors  are  present. 
The  cranium  has  no  protuberances,  and  the  development  of  the 
upper  canines  is  not  excessive. 


'3^6  CLASS  MAMMALIA. 

Family  CoRYPHODONxiD^.—The  upper  premolars  (fig.  12^8)  are 
simpler  than  the  true  molars,  and  there  are  frequently  two  V-shaped 
ndges  on  the  latter.  The  type  genus  Coryphodon  was  originally 
founded  by  Sir  R.  Owen  upon  a  lower  molar  from  the  London 
Clay ;  other  teeth  were  subsequently  found  in  the  Lower  Eocene  of 


the  Continent,  but  it  was  reserved  for  the  discoveries  in  the  homolo- 
gous strata  of  North  America  to  indicate  the  full  structure  of  this 

curious  genus.    The  dentition  is  1.  -,  C.  -,  Pm.      M.  -  ;  and  the 

31  4  3 

structure  of  the  upper  molars,  cranium,  and  feet  is  exhibited  in  the 
three  accompanying  woodcuts  (figs.  125 7-1 259.)  Other  forms  from 
the  Eocene  of  America  have  received  the  names  of  Metalophodo7i 
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Bathmodon,  Edacodon,  and  Manteodon ;  but  further  observations 
are  required  to  show  whether  all  of  these  are  really  distinct  from 

the  type  genus.  . 

Section  C.  Dinocerata.— The  third  section  of  this  suborder, 
which  Professor  Marsh  regards  as  entitled  to  rank  as  a  distinct  sub- 
order, is  represented  by  the  now  well-known  Dinocerata,  which  are 
exclusively  coniined  to  the  Upper  or  Bridger  Eocene  of  North 
America.  These  animals  were  ponderous  brutes,  nearly  as  bulky 
as  an  Elephant,  to  which  group  they  present  many  curious  points  of 
resemblance.  The  skull  (figs.  1 261-1263)  bears  several  large  pro- 
tuberances ;  and  the  upper  canines  of  the  males  were  enormously 
developed  (recalling  those  of  the  Feline  genus  Macharodus),  and 
were  frequently  protected  from  injury  by  a  descending  flange  de- 
veloped from  the  symphysis  of  the  mandible,  as  is  well  shown  in  the 
figure  of  the  skeleton.  A  peculiar  and  characteristic  feature  is  the 
total  absence  of  upper  incisors ;  while  another  distinctive  character 
is  the  want  of  a  third  trochanter  to  the  femur,  which  thus  resembles 
the  corresponding  bone  of  the  Proboscidea. 

Family  Uintatheriid^. — The  whole  of  the  members  of  the 


Fig.  i26t.— Left  lateral  view  of  the  skull  of  Uintatherium  mirabilc ;  from  the  Bridger 
Eocene  of  Wyoming.    Much  reduced.   (After  Marsh.) 


section  may  be  included  in  this  family — the  equivalent  of  the  Tino- 
ceratida  of  Professor  Marsh.  The  hinder  upper  premolars  are  as 
complex  as  the  true  molars,  and  there  is  no  distinct  third  lobe  to 
the  last  lower  true  molar  \  while  in  the  hinder  cheek-teeth  of  the 
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upper  jaw  he  two  transverse  ridges  unite  on  the  inner  border  of 
the  crown  to  form  a  V;  another  V,  with  its  angle  directed  inwardly 
occurring  in  the  corresponding  lower  teeth.  The  least  specialised 
fvhich  \l  r^'^^-^°^^he  lower  part  of  the  Bridget  focene  In 
which  the  lower  canine  is  separated  from  the  incisors,  and  bites  in 
ront  of  the  upper  canine  in  the  normal  manner;  thus  connecting 
the  more  specialised  forms  with  Coryphodon.  Another  form  of 
comparatively  small  size,  distinguished  by  the  absence  of  nasal 
prominences,  is  apparently  also  entitled  to  generic  distinction,  and 
has  been  named  Elachoceros.     The  typical  forms,  according  to 


¥is.iz62.—  Uintat/ieriummiradUe;  from  the  Bridger  Eocene.  Reduced.  A,  Frontal  aspect 
of  cranium;  d,  Left  manus  ;  c,  Left  pes.  In  B  the  middle  bone  of  the  top  row  is  the  lunar 
while  the  oval  bone  on  the  left  of  the  second  row  is  the  trapezoid.  The  topmost  bone  in  c  is 
the  astragalus.    (After  Marsh.) 

Messrs  Scott  and  Osborn,  may  all  be  grouped  under  the  generic 
name  of  Uintatherium,  although  they  have  been  split  up  by  many 
writers  into  several  genera  under  the  names  of  Dinoceras,  OcMomus, 
Tifioceras,  Eobasiletis,  and  Loxolophodo7i.  This  genus  may  be  char- 
acterised by  the  presence  of  nasal  tuberosities  (fig.  1261),  and  by 
the  lower  canine  being  approximated  to  the  incisors,  which  it  re- 


sembles in  structure. 


The  dental  formula  is  usually  /.  -,  C. 

3  I 
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P,n  ^  M.  ^  •  but  according  to  Professor  Cope  the  lower  incisors 

:?1vL"— f  Jop:/r;nses  the  smaller  forn.  fro. 
1  ySal  Bridger,  in  which  the  nasals  are  not  greatly  produced 

being  comparatively  short.  In  the 
)  second  group,  comprising  Tinoceras 
''  of  Marsh,  and  Eobasikus  and  Loxo- 
lophodon  of  Cope,  all  the  species  are 
of  huge  size,  and  have  the  nasals 
overhanging  the  premaxillse,  with  the 
prominences  very  large  (figs.  1260, 

1262).  These 
species  are  con- 
fined to  the 
upper  Bridger, 
and  have  the 
base  of  the 
upper  canine 
horizontal,  the 
trapezoid  not 


Fig.  1263. — Right  lateral  aspect  of  the  skull 
of  Uintatlicriuin  cornutum;  from  the  Bridger 
Eocene.    Reduced.    (After  Cope.) 


articulating  with  the  lunar,  and  the  neck  longer.  The  species,  of 
which  the  skull  is  shown  in  fig.  1262,  is  remarkable  for  having  the 
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re^^^'^SfV^^^^^^^  that^'the  fossil 

basin  of  Wyoming,  Ld  nonf  are  knol  f  ^  ""1^"  ^"'^^"^  lake- 
country  or  from  the  Old  World  These  P^""'  ^'^i^ 
equalled  the  Elephant  in  size  roameH  in  ^'f^^^"^,  '^^asts,  which  nearly 
of  the  ancient  tropica  ak?  in  vXh  n^an^Jnf  h"""'"''''  borders 
lake-basin,  now  drained  by  thrrrp^n  R^-  J^'""  '''^'^  entombed.  This 
Colorado,  'slowly  fifled  up  w ith  seZen^'^h':;  '"'^"^^••>'  ^he 
that  the  deposits  formed  in      durin^F-     "^'^'^'^^'^  ^  lake  so  long 

has  carved  out  cliffs  np;,k<=  Tn^  V.  i  'ands,  where  slow  denudation 
na,„r,Ily  firs,  at.rac.  ,h.  a,"  ^ti„'„*„'f  Se  eX'^^^^^^  ''"i 

S^S;^^J:a^^J^r^-^  of«^deS^a^S- -^-5 

c^;^rf  S^nSa^lfSrcS neH^^Sr  ^ 

ably  of  he  nature  of  a  horn-core.    The  nasals  support  t^  similar  but" 

smaller  horn-cores ;  and  the  frontals  are  developed  behind  into^^  WeJ 

?n^L^'t?''"°"''  r^^'^^y        °f        "ature  of  ho^corls  The 

animal  thus  possessed  three  pairs  of  horn-cores,  one  carried  bySe  uDoer 
aw-bones  one  by  the  nasals,  and  one  by  the  frontal  bones  ^Vhether 

of  rhorns'of       r -^Hy  supported  horns  of  tie  nature 
a1  ,    Cavicorn  Rummants,  is  quite  a  matter  of  coniecture  ■ 

and  there  ,s  much  probability  in  the  viev^  entertained  b70wen'ameTy' 
that  some  of  them  were  smiply  covered  by  callous  integument  »  ^' 
As  regards  the  menta  powers.  Professor  Marsh  remarks :  "The  brain- 

r.^,^  ^1^''''^'^''''"^      P^-"^^?^  remarkable  feature  in  ?Ss 

remarkable  genus  It  proves  conclusively  that  the  brain  (fig  i->6. 
was  proportionately  snialler  than  in  any  other  known  mammalf  recenl  or 
fossil,  and  even  less  than  in  some  reptiles.  It  is,  in  fact,  the  most  rep- 
til  an  brain  in  any  known  mammal.  In  C/.  7nirabile  the  entire  brain  wJs 
actually  so  diminutive  that  it  could  apparently  have  been  drawn  through 
the  neural  canal  of  all  the  presacral  vertebrje,  and  certainly  through  the 
cervicals  and  lumbars."  ^  ^ 

Suborder  7.  Proboscidea.  —  The  last  of  the  suborders  into 
which  the  Ungulates  are  divided  is  that  of  the  Proboscidea,  repre- 
sented at  the  present  day  solely  by  the  two  species  of  Elephant, 
but  m  past  epochs  including  a  large  number  of  more  or  less  closely 
allied  forms.    These  animals  are  of  huge  bulk  and  stout  build,  and 
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include  the  largest  known  mammals.  They  present  the  following 
characteristic  features  ;  those  of  the  soft  parts  being,  of  course,  only 
known  in  the  existing  species.  The  nose  is  produced  mto  a  long 
flexible  proboscis  terminated  by  the  nostrils  (fig.  1264);  from  which 
feature  the  name  of  the  suborder  is  derived.  The  limbs  are  stout, 
with  their  segments  placed  nearly  in  a  vertical  Hne  (fig.  1267),  and 
the  proximal  segment  the  longer.  In  the  second  segment  the  two 
component  bones  (radius  and  ulna  in  the  fore,  and  tibia  and  fibula 


Fig.  1264.— Skull  of  the  Indian  Elephant  (Elephas  indicus).    Greatly  reduced.    /,  Tusk-like 
upper  incisors;  vi,  Lower  jaw;  n,  Nostrils,  placed  at  the  end  of  the  proboscis. 


in  the  hind  limb)  are  distinct.  In  the  carpus  the  scaphoid  is 
supported  by  the  trapezoid,  but  not  by  the  magnum,  the  latter 
supporting  the  lunar ;  while  in  the  tarsus  the  cuboid  articulates 
proximally  with  the  distal  face  of  the  navicular,  but  not  with  the 
astragalus.  In  both  the  carpus  and  tarsus  the  component  bones 
interlock  but  very  slightly  ;  the  type  of  structure  of  the  tarsus  being 
one  step  in  advance  of  that  obtaining  in  the  Condylarthra.  The 
feet  (fig.  1265)  are  plantigrade;  there  are  five  digits  to  each  foot; 
the  astragalus  (fig.  1265)  is  flat;  the  femur  has  no  third  trochanter ; 
the  fibula  articulates  with  the  calcaneum ;  and  the  jugal  forms  the 
middle  of  the  zygomatic  arch.  The  brain  is  of  large  size ;  canines 
appear  to  be  always  absent;  while  incisors,  growing  from  persist- 
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males  of  all  the  forms  at  present  known.  The  cheek-teeth  may  attain 
extreme  complexity  ;  and  the  true  molars  always  consist  of  transverse 
ridges  which  may  vary  greatly  in  height,  and  may  be  either  uninter- 
rupted, or  split  up  into  inner  and  outer  columns,  which  may  have  a 

more  or  less  alternate  arrangement ; 
there  are  never  fewer  than  three 
such  ridges  in  the  last  milk  and  the 
first  true  molars ;  and  the  intervening 
valleys  may  be  either  entirely  open, 
or  blocked  by  accessory  tubercles,  or 
completely  filled  with  cement.  The 
toes  are  all  invested  in  a  common 
integument,  although  furnished  with 
distinct  broad  hoofs ;  and  the  third 
digit  of  each  foot  is  the  largest. 
There  are  two  anterior  venae  cavEe 
entering  the  right  auricle  of  the 
heart ;  the  stomach  is  simple ;  there 
is  a  large  cascum ;  the  testes  are 
permanently  retained  in  the  abdo- 
men ;  the  uterus  has  two  cornua ; 
and  the  placenta  is  non-deciduate 
and  zonary. 

In  the  skull  and  dentition  the 
members  of  this  suborder  are  de- 
cidedly specialised;  but  in  other 
respects,  such  as  the  structure  of 
the  limbs,  and  the  presence  of  two 
venae  cavas,  they  show  very  gene- 
ralised features ;  and  there  are  not 
wanting  indications  of  a  remote 
afifinity  with  the  Rodents,  and  per- 
haps the  Sirenia.  It  will  be  shown 
as  we  proceed  that  the  structure  of  the  cheek-dentition  has  ad- 
vanced from  a  comparatively  generalised  type  in  Dinotherium  to 
an  extremely  specialised  one  in  the  existing  species  of  Elephants; 
and  it  appears  that  this  specialisation  "  has  followed  to  a  consider- 
able extent  a  line  analogous  to  that  obtaining  in  the  Perissodactyla 
and  Artiodactyla,  and  shows  itself  in  the  increased  height  and  com- 
plexity of  the  crowns  of  these  teeth  and  in  the  final  attainment  of  a 
nearly  horizontal  and  continuous  plane  of  wear.  From  the  structure 
of  the  cheek-teeth  in  the  more  generalised  members  of  the  suborder, 
it  may  be  inferred  that  the  action  of  the  molars  of  one  jaw  upon 
those  of  the  other  must  have  been  mainly  a  scissor-like  or  snapping 


Fig.  1265. — Dorsal  aspect  of  the  left  pes 
of  the  Indian  Elephant  {Elepltas  indic%ts). 
Greatly  reduced.  (After  Cuvier.)  The 
numbers  indicate  the  digits.  The  upper- 
most bone  is  the  calcaneum,  resting  upon 
which  is  the  astragalus,  with  its  flat  tibial 
surface.  The  bone  with  a  long  narrow 
dorsal  surface  immediately  below  the  astra- 
galus is  the  navicular ;  while  the  one  sup- 
porting the  metatarsals  of  the  fourth  and 
fifth  digits  is  the  cuboid. 
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one,  while  in  the  more  specialised  forms  this  action  has  been  con- 
verted into  a  perfect  grinding  motion."  ^  .  ^  , 

The  pelvis  of  the  Proboscidea  is  characterised  by  the  vertica 
position  and  great  expansion  of  the  large  ilia,  and  the  very  small 
size  of  the  ischia  and  pubes,  both  of  which  enter  into  the  formation 
of  the  very  short  symphysis.  nv/r- 

The  Proboscidea  make  their  first  appearance  in  the  Middle  Mio- 
cene (Sansan  stage)  of  Europe;  but  we  are  still  unacquainted  with 
any  form  which  connects  them  decidedly  with  the  other  suborders 
of  the  Ungulata,  although  Dinotherium  affords  an  inkling  of  how 
such  a  transition  may  have  taken  place.  The  Mastodons  prob- 
ably originated  in  Europe,  from  whence  they  travelled  to  India, 
and  there  gave  origin  to  the  peculiar  Stegodont  group  of  Ele- 
phants, which  are  the  parents  of  the  existing  specialised  forms. 
From  the  eastern  regions  of  the  Old  World  it  seems  probable 
that  the  higher  Elephants  travelled  back  to  Europe,  while  they 
also  reached. North  America  in  the  Pleistocene  epoch;  Mastodons 
having  arrived  in  the  New  World  during- the' preceding  Pliocene 
period. 

Family  Dinotheriid^. — This  family  is  at  present  known  solely 
by  the  genus  Dinotherium,  of  which  the  remains  are  found  in  the 


Fig.  1266.— Skull,  and  lateral  (a)  and  oral  (b)  aspects  of  the  first  lower  true  molar  o{  Dino- 
therium gigantetim ;  from  the  Upper  Tertiary  of  Europe.  All  the  figures  are  reduced  ;  the 
reduction  of  b  being  less  than  that  of  A. 


Miocene  and  Pliocene  of  Europe  and  India.  The  type  species  is 
D.  giganteiim  (fig.  1266),  originally  described  by  Cuvier,  upon  the 
evidence  of  a  molar  tooth  from  the  Middle  Miocene  of  the  Orlean- 
nais,  as  a  gigantic  Tapir,  but  better  known  by  the  cranium  and 

'  Quoted  from  the  writer's  'Catalogue  of  Fossil  Mammalia  in  the  British 
Museum,'  pt.  iv.,  from  which  other  extracts  have  already  been  made. 
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of  tusk-hke,  backwardly-curved  incisors  in  the  lower  law  In /h 
moTa"!  "th:  f  -hich'theroS  are  pr'e' 

he't  r^olar'  "PP-  preuSs  differ 

outer  S  bv".  lo       h '"^        ^""^^^"^  "^^^^^  ^^-^^ed  on 
be  of  fh?     K  ^/  longitudinal  ridge,  which  causes  these  teeth  to 
be  of  the  lophodont  type  of  those  of  the  Tapirs     In  the  voun^ 
amnial  there  were  three  milk-molars  in  each  jL  wh^ch  resemblf 
he  true  molars  in  structure;  each  of  the  first  Iwo'  havbg  a  paf^f 

thf'fi  f ^^^^^  °f  ridges' an^  hus 
resembles  the  first  true  molar.  The  number  of  ridges  in  the 
milk  and  true  molars  may  therefore  be  represented  by  fhe  ciphers 
Mm   ^ •  ^  •  3    ^3-2.2  . 

"2.2.3'^'^-  3^17^  '  "^^P"''^  ^^hich  we  shall  notice 
under  the  head  of  the  £/epAan^id^.  Dinotherium  indicunt,  from 
the  Upper  Miocene  and  the  Lower  Pliocene  of  North-western 
India,  was  probably  nearly  allied  to  the  European  species. 

Family  ELEPHANxm^.-With  this  family  we  enter  a  group  of 
animals  in  which  the  succession  of  the  cheek-teeth  presents  fuch 
marked  peculiarities  as  to  require  special  notice  at  the  outset  In 
the  existing  members  there  are  normally  six  of  such  teeth,  which 
increase  gradually  in  size  and  complexity  from  the  first  to  the  last 
The  last  three  of  these  teeth  correspond  to  the  true  molars  of  less 
aberrant  Ungulates,  while  the  anterior  ones  represent  the  last  three 
milk-molars  of  the  same.    These  milk-teeth  are  not  succeeded  by 
premolars,  but  the  whole  series  of  teeth  is  gradually  pushed  forwards 
in  the  jaw ;  the  anterior  teeth  being  worn  away  and  their  roots 
absorbed  before  the  hinder  ones  come  into  use.    In  consequence 
of  this  arrangement,  and  the  large  absolute  size  of  the  teeth,  there 
are  never  more  than  portions  of  two  cheek-teeth  on  either  side  of 
each  jaw  in  use  at  any  one  time,  as  is  shown  in  fig.  1264.  The 
cheek-teeth  of  the  existing  Elephants  will  therefore  correspond  to 
Mm.  2+  Mm.  i+  Mm.  ^  +  M.  1  +  M.  2  +  M.  ^      the  typical  series, 
but  It  IS  not  improbable  that  in  very  rare  instances  Mm.  i  may  also 
be  developed.    If  we  had  to  depend  entirely  on  the  evidence  of  the 
existing  forms,  there  might  be  some  doubt  as  to  the  serial  homology 
of  the  three  teeth  which  we  reckon  as  milk-molars  ;  but  this  question 
IS  set  at  rest  by  some  of  the  fossil  forms,  in  which  these  teeth  were 
vertically  succeeded  by  small,  and  usually  functionless,  premolars. 
The  total  disappearance  of  the  premolars,  and  the  persistence  of 
the  milk-molars  in  the  higher  forms,  is  the  widest  departure  from 
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the  simple  marsupial  dentition  known  in  the  whole  class.  In  some 
of  those  fossil  forms  in  which  the  structure  of  the  cheek-teeth  is 
simpler,  there  may  be  portions  of  three  such  teeth  m  use  at  the 
same  time  The  serial  position  of  individual  teeth  m  any  one 
species  can  be  more  or  less  exactly  determined  by  their  absolute 
size  and  the  number  of  transverse  ridges  which  they  carry.  In  all 
members  of  the  family  there  are  never  less  than  three  ridges  in  the 
fourth  milk-molar  and  the  first  and  second  true  molars  (which  are 
often  collectively  spoken  of  as  the  "  intermediate  molars "),  while 
the  last  true  molar  has  one  or  more  ridges  in  excess  of  the  preced- 
ing tooth.  Incisors  are  always  present  in  the  upper  jaw  of  male 
individuals,  and  may  or  may  not  be  also  developed  in  the  lower 
jaw.  In  transverse  section  the  dentine  of  these  teeth  displays  a 
peculiar  arrangement  of  decussating  lines,  similar  to  the  "  engine- 
turning  "  on  the  back  of  a  watch-case,  by  the  presence  of  which  true 
ivory  can  always  be  recognised. 

The  earliest  and  least  specialised  genus  of  this  family  is  Mastodon,^ 
in  which  premolars  and  lower  incisors  are  frequently  present,  and 


Fig.  1267.— Restoration  of  the  skeleton  of  Mastodon  angustidens.    Greatly  reduced. 

(After  Gaudry.) 


the  upper  incisors  may  have  longitudinal  bands  of  enamel.  The 
cheek-teeth  carry  transverse  ridges,  which  may  be  entire  or  may  be 
divided  into  distinct  inner  and  outer  columns  with  a  more  or  less 

1  Professor  Cope  proposes  an  arrangement  of  the  Elephantidce  differing  from 
the  one  generally  adopted.  Thus  the  genus  Mastodon  is  split  up  into  Tetrabel- 
odon,  in  which  there  are  both  upper  and  lower  tusks,  and  the  former  have  an 
enamel -hand;  Dibelodon,  in  which  the  lower  tusks  are  usually  wanting,  but 
the  upper  ones  have  an  enamel-band  ;  and  Mastodon,  in  which  there  are  no  lower 
tusks,  and  no  enamel-band  on  the  upper  ones.  Elephas  is  divided  into  Enunen- 
odon,  typically  represented  by  Elephas  Clifti  (apparently  the  type  of  Stegodon), 
but  also  including  E.  flanifrons,  and  characterised  by  the  presence  of  premolars  ; 
and  Elephas,  which  is  taken  to  include  all  the  other  species. 


^^^^  CLASS  MAMMALIA. 

alternate  arrangement;  outlying  tubercles  may  be  present  in  th. 
intervenmg  valleys  which  are  frequently  entirely  devo  d  of  c  ment 
u  uX\lT,S!™P'^^^  All  the  "  intermelte  3 

three  'to  ^e     Thrr"^''"     .''"^'^  '  '^^^  ""'^^er  varying  from 
mree  to  five.    The  ridges  are  always  bisected  by  a  median  cleft 
raversmg  the  long  axis  of  the  crown;  and  the  plaL  of  wear  of  he 
crowns  of  the  teeth  is  oblique,  that  of  the  upper  jaw  inclining  froni 


Fig.  i268.~Mas/odou  a»^M»s    The  fourth  left  lower  milk-molar;  from  the 
Lower  Siwahks  of  India. 

the  outer  to  the  inner  side,  and  the  reverse  obtaining  in  the  lower 
Three  cheek-teeth  may  be  in  use  at  the  same  time,  and  the  sym- 
physis of  the  mandible  may  be  greatly  elongated.  The  vertex  of 
the  cranium  (fig.  1267)  is  usually  but  slightly  elevated,  as  in  the 
majority  of  Ungulates  ;  and  in  the  less  specialised  forms  (as  may  be 
seen  by  comparing  fig.  1267  with  fig.  1270)  the  proportions  of  the 


Fig.  i26g.—iWasti>ifon  angustideiis.  Vertical  longitudinal  section  of  the  first  lower  true  molar  • 
from  the  Middle  Miocene  of  France.  Two-thirds  natural  size,  b.  Enamel;  c,  Dentine.  (After 
Gaudrj-.)  ^ 

entire  skeleton  depart  less  widely  from  the  same  type.  The  genus 
has  been  divided  into  two  groups,  according  to  the  number  of  ridges 
in  the  cheek-teeth.  In  the  first  or  Trilophodont  group,  the  number 
of  complete  ridges  in  each  of  the  three  "  intermediate "  molars  is 
three  (fig.  1268) ;  the  ridge-formula  of  the  complete  series  of  cheek- 
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I    2.3        3  ■  3 • 4 

teeth  being  represented  by  the  ciphers  Mm.  M. 

It  will  be  noticed  that  in  this  section  the  number  of  ridges  in  the 
third  and  fourth  milk-molars  and  the  first  true  molar  is  the  same  as 
in  Dhiothermm. 

One  of  the  earliest  examples  of  this  group  is  M  angustidens  from  the 
higher  Miocene  of  both  Europe  and  India,  of  which  two  ower  cheek- 
teeth are  represented  in  plan  and  section  m  figs.  1268  and  1269.  The 
sSe  structure  of  these  teeth  is  shown  m  the  section  where  the  valleys 
separating  the  low,  interrupted  ridges,  are  seen  to  be  devoid  of  cemen  , 
Xugh  partially  blocked  by  outlying  tubercles.  The  imperfect  fourth 
?id-e  at  the  hinder  extremity  (right  side  of  figures)  of  these  teeth  is 
emied  the  talon.  The  mandibular  symphysis  (fig.  1267)  m  this  spec.es 
was  elongated  and  furnished  with  a  pair  of  mcisors  ;  while  die  mi  Ik- 
molars  were  succeeded  by  premolars.  Allied  to  this  species  are  M  pan- 
dionis  of  the  Upper  Miocene  and  Pliocene  of  India,  and  M.  pentelici  of 


Fig.  1270.— Skeleton  oi  Mastodon  americamis :  from  the  Pleistocene  of  Missouri. 

Much  reduced. 

the  Lower  Pliocene  of  Attica,  Hungary,  Samos,  and  Persia.  From  M. 
angustidens  there  is  but  a  step  to  the  contemporaneous  European  Af. 
tiirice/tsis,  in  which  the  ridges  of  the  molars  extend  straight  across  their 
crowns,  without  outlying  tubercles  in  the  valleys  ;  and  from  this  species, 
again,  the  transition  is  easy  to  the  Pliocene  M.  Borsoni  of  Europe,  in 
which  the  mandibular  symphysis  has  become  shortened  in  conse- 
quence of  the  absence  of  lower  incisors.  A  later  offshoot  from  the  same 
branch  is  found  in  M.  anicricanus  (frequently  known  as  M.  giganfcus, 


1398 


CLASS  MAMMALIA. 


occasionally  found  on  one  side  of  the  jaw  • 
premolars  had  however  disappeared.!  Other 
1  rilophodont  species  are  M.  Humboldti  and 

H^'^'li  i™-  ('"'^^'^''O  of  the  Pleistocene 
01  bouth  America,  m  both  of  which  the  trans- 
verse ridges  of  the  cheek-teeth  are  broken 
mto  columns  The  former  species  is  distin- 
guished by  the  short  and  edentulous  sym- 
physis of  the  mandible.  According  to  Dr 
Falconer,  the  latter  had  an  elongated  mandib- 
ular symphysis  and  large  lower  incisors  :  but 
Dr  Burmeister  states  that  this  reference  is 
incorrect,  and  that  the  symphysis  was  short 
Fig.  1271.— Outer  view  of    and  tuskless. 

second  left  lower  true  molar  of 
Mastodon   aiiicricanns.  Re- 

In  the  Tetralophodont  group  the  num- 
.  ,  ber  of  ridges  in  the  cheek-teeth  is 
grea  er  than  in  the  former  group,  there  being  usually  four  in 
the  intermediate"  and  five  in  the  last  true  molars;  but  there 
may  be  occasionally  five  in  the  former  and  six  in  the  latter.  The 
complete  normal  ridge-formula  is,  therefore,  Mm.  ^^f^  4-4-5 
.  2-3-4'     ■  4-4-5' 

In  this  group  Mastodon  arvemensis,  from  the  Upper  Pliocene  of 
Europe,  is  characterised  by  the  number  of  accessory  tubercles  on  the 


Fig.  xzTi.— Mastodon  arrernensis  :  the  fourth  left  upper  milk-inolar  ;  from  the 
Norwich  Crag.    (.After  Lyell.) 

crowns  of  the  cheek-teeth  (fig.  1272)  and  the  somewhat  alternate  arrange- 
ment of  the  inner  and  outer  columns  of  their  transverse  ridges,  by  which 

!  It  appears  probable  that  these  teeth  may  occasionally  be  developed  as  an 
abnormality. 
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means  the  transverse  valleys  become  more  or  less  completely  blocked 
Closely  allied  to  this  species  is  Mastodon  sivalensis,  of  the  i  liocene  ot 
Northern  India,  of  which  a  last  upper  true  molar  is  represented  from  the 
lateral  aspect  in  fig.  1273  ;  in  this  species  there  are  occasionally  hve 


Fig.  1273.— Profile  view  of  last  upper  true  molar     Mastodon  sivalensis;  from  the 
Pliocene  of  the  Siwalik  Hills  of  India.  Reduced. 

ridges  in  the  "  intermediate  "  molars,  and  the  last  upper  trae  molar  (as  in 
the  figure)  may  have  six  ridges  and  a  hind  talon  ;  the  blocking  of  the 
valleys  by  the  alternate  arrangement  of  the  inner  and  outer  columns  of 
the  ridges  is  well  exhibited  in  the  woodcut.  Both  in  this  species  and  M. 
atvernettsis  the  symphysis  of  the  mandible  is  short  and  tuskless,  as  in 

the  modern  Elephants  ;  and  the 
Siwalik  species  is  further  charac- 
terised by  the  great  elevation  of 
the  vertex  of  the  skull  (fig.  1274), 
in  which  respect  it  also  agrees 
with  the  last  -  named  group. 
Both  these  species  must  be  re- 
garded as  highly  specialised 
fonns  which  have  diverged  from 
the  line  connecting  the  Trilo- 
phodont  group  with  the  true 
Elephants.  We  may  here  briefly 
mention  M.  periinensis  and  M. 
puiijabieiisis  of  the  Indian  Plio- 
cene, which  show  certain  charac- 
ters intermediate  between  the 
two  above  -  mentioned  species 
and  M.  loiigirosiris,  which  we 
now  proceed  to  notice.  The 
last-named  species  occurs  typi- 
cally in  the  Lower  Pliocene 
bone  -  sand  of  Eppelsheim  in 
Hessen  -  Darmstadt,  but  has 
been  also  found  in  the  English  Red-Crag.  It  has  an  elongated  mandi- 
bular symphysis  furnished  with  a  pair  of  short  incisors  (fig.  1275),  and 
VOL.  II.  2  K 


Fig.  1274. — Left  lateral  view  of  the  skull  of 
Mastodon  sivalensis ;  from  the  Siwalik  Hills  of 
India.  Greatly  reduced.  (After  Falconer  and 
Cautley.) 
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the  iidges  of  the  cheek-teeth  (fig.  1276)  are  nearly  straight,  and  the  in- 
tervening valleys  only  partially  blocked  by  tubercles.  The  latter  wood- 
cut shows  the  progressive  increase  in  the  number  of  ridges  of  the  milk- 
molars  of  the  present  group  ;  the  first  and  second  true  molars,  which 


Fig.  1275.— Left  lateral  view  of  the  imperfect  skull  of  Mastodon  longirostris  ;  from  the 
Bone-sand  of  Hessen-Darmstadt.    Much  reduced.    (After  Kaup.) 

would  follow  the  fourth  milk-molar  (the  right-hand  tooth  in  the  figure), 
each  have  the  same  number  of  ridges  as  the  latter.  M.  Cautleyi,  of  the 
Pliocene  of  Western  India,  is  a  form  connecting  the  last  species  with  M. 
latidens.    The  latter  is  very  widely  distributed,  ranging  in  the  Pliocene 


Fig.  1276.— The  three  left  upper  milk-molar.s  of  Mastodon  longirostris  :  from  the 
Bone-sand  of  Hessen-Darmstadt.    (After  Kaup  ) 

from  India  and  Burma  to  Borneo  ;  the  symphysis  of  the  mandible  is 
short ;  the  molars  (fig.  1277)  are  veiy  wide,  with  their  ridges  and  valleys 
straight  and  uninterrupted  ;  and  these  teeth  pass  so  completely  into  the 
type  of  those  of  the  least  specialised  species  of  Elephas  as  to  indicate 
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that  there  is  really  no  distinction  between  that  genus  and  Mastodon^ 
although  the  retention  of  the  latter  term  for  the  more  generalised  forms 
of  what  would  be  otherwise  a  very  unwieldy  genus  is  convenient. 


Fig.  1277.— Crown  surface  of  the  third  left  upper  true  molar     Mastodon  latidens  ; 
from  the  Pliocene  of  Borneo.    Two-thirds  natural  size. 


With  the  above-mentioned  proviso  as  to  its  apparent  passage  into 
Mastodon  we  may  note  the  chief  features  of  the  existing  genus  Elephas. 


Fig.  1278.— Palatal  view  of  the  mandible  of  the  Indian  Elephant  {F.kphas  iiidicus).  Greatly- 
reduced.  The  hinder  portion  of  the  penultimate  and  the  anterior  half  of  the  last  true  molars  are 
m  use. 

Thus  lower  incisors  (tusks)  are  invariably  wanting  ;  the  enamel  on 
the  upper  incisors  merely  forms  a  small  cap  at  their  extremities ; 
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premolars  are  nearly  always  absent;  while  the  mandibular  symphysis 
IS  never  produced  into  a  long  rostrum,  but  usually  terminates  in  a 
short  spout-like  channel,  as  in  fig.  1278.  The  ridges  of  the  true 
molars  extend  straight  across  their  crowns,  and  generally  show  no 
sign  of  division  into  inner  and  outer  columns ;  there  is  always  a 
certain  quantity  of  cement  in  the  valleys  between  the  ridges  ;  and  in 
those  species  in  which  these  ridges  become  developed  into  tall  thin 
plates,  the  cement  forms  equally  tall  laminae  filling  the  intervening 
spaces.  In  the  least  specialised  forms  the  number  of  the  ridges  in 
the  "  intermediate  "  molars  may  be  as  low  as  five ;  while  those  in 
the  last  true  molar  may  vary  from  seven  in  the  least  specialised  to 
upwards  of  twenty-four  in  the  most  specialised  species.  Finally,  it 
is  only  in  a  few  of  the  more  generalised  species  that  the  "  interme- 
diate "  molars  have  an  isomerous  ridge-formula. 

Like  the  Mastodons,  this  genus  is  divided  into  two  groups, 
according  to  the  structure  of  the  teeth.  In  the  first,  or  Stegodont, 
group,  which  is  entirely  confined  to  the  Eastern  parts  of  the  Old 
AVorld,  the  number  of  ridges  in  the  cheek-teeth  is  comparatively 
low,  and  there  may  be  only  five  or  six  of  such  ridges  in  the  "  inter- 
mediate," and  from  seven  to  eleven  in  the  last  upper  true  molars. 

The  structure  of  the  molars  of  Elephas  Cli/ti,  from  the  Pliocene  of 
India,  Burma,  and  Japan,  which  is  the  most  generalised  species  of  the 


Fig.  1279. — Elephas  Cli/ti.    The  first  left  upper  true  molar;  from  Burma. 
One-half  natural  size.    (After  Clift.) 

genus,  is  shown  in  fig.  1279  ;  where  it  will  be  seen  that  the  ridges  are  low 
and  roof-like,  and  that  the  cement  is  confined  to  the  bottom  of  the  inter- 
vening valleys.  The  molars  of  this  species  (in  which  premolars  were 
developed),  it  will  be  seen,  are  but  one  step  in  adwnice  of  those  of  the 
Tetralophodont  Mastodons.    In  other  species  of  this  group,  like  E.  in- 
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siems  the  ridges  of  the  molars  (fig.  1280 1)  become  more  numerous  and 
sSwha?  higher;  while  the  intervening  valleys  are  more  or  less  com- 
^e^ely  mied\vith  cement.  The  number  of  ndges  m  the  cheek-teeth 
of  this  species  may  be  represented  by  the  formula  Mm.  ^^^^^^y 
(7-8)  .(7-8).  (9-1 1 )       Allied  species  are  E.  bombifrons  and  E. 

gan%a]%xzC^r^  fSnd  in  the  Pliocene  of  India  and  the  countries  to  the 
eastward  as  far  as  Japan. 

In  the  second,  or  Elephantine,  group,  the  specialisation  of  the 
molars  becomes  greater ;  in  all  the  species  the  ridges  are  so  tall 
that  they  assume  the  appearance  of  plates,  but  there  is  great  varia- 


Fig.  i7.%o.—Elej>has  insignis.  Vertical  and  longitudinal  section  of  the  third  left  upper  true 
molar ;  from  the  Pliocene  of  the  Siwalik  Hills.  One-third  natural  size,  a,  Cement ;  b,  tnamel ; 
c,  Dentine.   (After  Falconer  and  Cautley.) 


tion  in  respect  to  their  height  and  number  ;  those  of  the  less  special- 
ised forms  not  being  more  numerous  than  in  E.  insignis.  The 
cement  always  completely  fills  the  interspaces  between  the  ridges, 
and  in  the  higher  forms  these  interspaces  are  extremely  narrow. 

One  of  the  least  specialised  members  of  this  group  is  Elephas plani- 
frons,  from  the  Pliocene  of  Northern  India,  of  which  the  section  of  an 
upper  molar  is  represented  in  fig.  1281.  In  the  teeth  of  this  species  the 
number  of  the  ridges  is  nearly  the  same  as  in  E.  insignis j  but,  as  will 
be  seen  from  the  figure,  the  ridges  have  become  much  taller  and  thinner, 
and  the  valleys  are  completely  filled  up  with  cement.  It  results  from  this 
structure  that  when  the  crown  of  the  tooth  has  become  well  worn  (as  in 
the  anterior  half  of  fig.  1282),  its  grinding  aspect  will  present  a  nearly  flat 
surface  marked  by  a  series  of  transversely  elongated  raised  disks  of 
enamel,  each  enclosing  an  islet  of  dentine.  This  structure,  which  is  still 
better  exemplified  in  the  more-worn  molar  of  the  closely  allied  E.  ineri- 
dionalis  (fig.  1283),  of  the  Upper  Pliocene  of  Tuscany  and  the  Norfolk 
"Forest-bed,"  is  admirably  adapted  for  the  attrition  of  vegetable  matter 
owing  to  the  inequalities  produced  on  the  surface,  due  to  the  variation  in 


'  In  this  figure,  as  well  as  in  fig.  1281,  the  tooth  is  turned  the  wrong  way 
upwards. 
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^^S^^ix^:^:^:;^^^^  --^^  --p°-d-  The 

worn,  generally  expanded  b  the  mtl^n^^''^''^^'"".^'-^'  ^^h^"  Partially 
their  course  across  the  ciw^  i^^  interrupted  in 

being  thrown  into  a  series  of  finP  nlSo  ^  species  the  enamel  itself 
mer^dtonah-s  and  E^Sfrons  atf«in^H  ^/^""lations.    Both  E. 

^.piamjrons  attained  gigantic  dimensions,  the  height 


(After  Falconer  and  Cautley.) 


not  greater  than  nine  feet  /r  1/  v  ^  existing  Indian  species  is 
vertex  of  the  rraninm  ;=      /     !/  ^nd  also  in  the  elevation  of  the 


Fig.  1282. -Grinding  surface  of  upper  molar  o{  Ekphas  pianifrons,  one-third  natural  size  • 
from  the  Pliocene  of  India.    (After  FalcSner  and  Cautley  )  ' 

that  country.    In  E.  antiqiius,  of  the  Pleistocene  of  Europe,  we  have 
a  species  with  the  ridges  of  the  cheek-teeth  somewhat  more  numerous 
than  in  the  last  form,  although  less  so  than  in  E.  primigenius ;  their 
number  being  represented  by  the  formula  Mm  (gzj)  •  (5-7)  •  (8-11) 
(9-12).  (1.-13)  .(15-20)     ™^      ,      ,^  -(6-8).  (9-1 0 

•  (11-12).  (12-13).  (16-2 1)-  molars  (fig.  1284)  are  usually  rela- 

tively narrow,  and  there  is  very  generally  (especially  in  the  lower  jaw) 
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„,ed,a„  expansion  of  .he         -r/e'lftisl^SeslfSn^S  foe! 


„here  .he  allied  E  ^The  MriSfBeptaM 


,8.  The  second  right  lower  true  molar  of  Ele^/.as  anik-us ;  from  the  Pleistocene 
Fig.  i284.-ihe  secona  rignt    ^  One-third  natural  size. 


of  England, 


shape  :  and  .he  small  £  "'-f  "/'t  M^ef  e^^l'^J^^^^^^^^^  S 


Fi^  128S.-A  right  upper  true  molar  of  Elc^/ias  afrkanus  :  Recent.  Africa. 
^'  One-third  natural  size. 

viduals  of  the  last-named,  or  "Pigmy  Elephant/'  is  e^t^ated  as^not 
c^rpater  than  three  feet.  Another  peculiar  Elephant  is  ii.  naviaaicus, 
from  tie  PkislSe  of  the  Narbada  Valley>Western  India,  and  Japan, 

1  The  hinder  part  of  this  tooth  is  to  the  left ;  the  position  of  the  preceding 
figure  being  the  reverse. 
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we  may  also  ni^ndo^l  ^^'^^^"^"^J'tf •  ^^e  frontal!  Here 
North  America,  and  £  ar,,T/jT'  f  ^'^^  I'leistocene  of  Central  and 

"otimprobabletl.atS:^S;5&— 


we  have  the  Mammoth  (E.  ^r^mz^emus),  in  which  the  number  of  ridges 
m  the  molars  is  represented  by  the  high  figures  Mm  (3i4M6-9)^_(9-i2) 
^  (9zi5Mi±l6Mi8z27)  .    .  (3-4).  (6-9).  (9-12)' 

■  (9-15)  •  (14-16) .  (18-27)-  incisors  are  usually  long,  spiral,  and 

their  length  ;  their  ridges  are  narrow 
and  closely  packed,  with  the  cement 
enamel,  and  dentine  very  thin  •  the 
plication  of  the   enamel  is  usually 
slight;  the  worn  dentine-disks  are 
very  narrow  ;  and  the  crown  is  usually 
characterised  by  the  extreme  flatness 
of  its  wear.    Variations  are  common, 
and  those  molars  in  which  the  ridges 
are  thicker  and  less  numerous,  and 
the  enamel  is  more  plicated,  approach 
v^ry  closely  to  certain  examples  of 
is.  ajitiqicus.     The  existing  Indian 
species  presents  a  close  approach  in 
dental  and  skeletal  structure,  but  the 
molars  are  decidedly  of  a  less  special- 
ised type,  and  thereby  indicate  that 
the  living  species  is  not  a  descendant 
of  the  Mammoth."    This  animal  was 
covered  with  a  thick  woolly  coat,  and 
also  with  an  outer  covering  of  long 
hair,  by  which  means  it  was  protected 
.  ,  .  ,  .  from  the  climatal  rigours  of  the  north- 

erly regions  over  which  it  once  roamed.  Remains  of  the  Mammoth  have 
been  found  in  Northern  Europe,  Asia,  and  America  ;  and  in  the  frozen 
sou  ot  the  banks  of  the  Siberian  rivers  numerous  carcasses  have  been 


Fig.  1287.  —  Lateral  view  of  a  half-worn 
upper  true  molar  of  the  Mammoth.  About 
one-third  natural  size. 
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.  ,    1.     1  -^^  fl<.=h  <;lcin  and  hair  preserved  ;  the  skeleton  of 
found  with  the  dned  flesh  skm  ana  na    p  ^^^^  adhering  to  it, 

one  of  these  specmiens      *  PO  'ions  o  ^^gg)  ^he 

being  P'-f^^'-^'f *'„f  1^0^^^^^^^^  in  its  distribution,  apparently  not 
p'SloXarroT^^^  through  the  Pyrenees,  Alps,  the 


c-2 


I*-  ^ 


•z:  o 


ho 
E 


northern  shores  of  the  Caspian,  Lake  Baikal,  Kamschatka,  and  the 
Stanovi  Mountains.  Its  remains  occur  in  the  Norfolk  1-orest-Dea, 
and  from  this  date  the  species  existed  right  through  the  glacial  epoch, 
and  was  well  known  to  the  primitive  human  inhabitants  ot  ^loitnem 
Europe,  as  is  testified  by  its  portrait  drawn  on  a  fragment  of  its  own 
tusk  by  one  of  these  early  hunters. 
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Australia,  has'  been  descr  beraV^Sir^Tt  '"'"'T""  °' 

no  characters  in  this  specimen  ,o  hdSe  i 's  ril^i 

..nc.,o^a„a  its  reputed  origin  .nust  S  iS^'Z^ZT^ 

hena.    A  suggestion  has  also  been  made  of  affinity  with  the  Eden 
tates.    These  Mammals,  as  will  be  gathered  frnm  Ih^  I 
mentioned  below  present  rert.in  1  ^'^  ,  ^'^"^  the  characters 

-D  J    '^•^^^w,  present  certam  characters  common  to  the  TTnm, 

ata,  Rodentia,  and  Carnivora,  but  to  include  them^n  either  ^ne^of 

that  both  the  Ungulates  and  Rodents  have  been  derived  from  I 
prmutive  Carnivorous  stock.  uenvea  irom  a 

Family  ANCHiPPODONTiD^.-The  genus  AncM^j^odus  (Tro<rosus) 
with  which  mo^Aenu..  (fig.  X289)  is  closely  allifd  or  idenS;:Ti^ 


Fig.  I289.-Left  lateral  aspect  of  the  skull  of  Tillotltertum/odicns ;  from  the  Lower  Eocene 
of  North  America.    One-fourth  natural  size.    (After  MaVsh?) 

from  the  Lower  Eocene  of  North  America,  and  apparently  has  the 
dental  formula  /  -    C.  I  Pm.  \,  M.  K     The  lower  cheek-teeth 
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.ese^ble  those  of  but^tl.  ^^~tSsS:  t 

'  l^e  he  ndsors  of  the  Rodents.  In  many  respects  the 
pulps  hke  the  ?"Cisors  o  Creodonta ;  the  femur  has  a 

'l^'Tr^ZT  Tfeli^  the  ^hole  sole  applied 

Belrs  The  brain-cavity  is  of  small  size,  and  the  cerebral  hem  - 
fphe  es  did  not  extend  over  the  cerebellum  or  the  olfactory  obes. 
The  orbits  are  not  complete,  but  open  into  the  temporal  foss^. 
Clavicles  were  probably  present.  ^   ,  .    r    -i  • 

F^HLV  PLAxycHO.ROPiD^.-The  type  genus  of  this  family  is 
FMycko^rop  {Miolophus\  from  the  London  Clay,  to  which  the 


Fig.  ^■,^.-E,ttwnyx  Bnrmeisteri.-T\.^  palate  and  mandible  ;  from  '^^^^^^^^'"I'^Sle  • 
Wyoming,  U.S.A.  Two-thirds  natural  size,  a.  Lateral  view  of  part  of  cramum  and  mandible , 
b.  Oral  \?ew  of  right  half  of  palate ;  c,  Oral  view  of  mandible.    (After  Cope.; 

North  American  Esthonyx  (fig.  1290)  appears  to  be  allied.  In  the 
latter  the  first  upper  and  the  second  lower  incisors  are  scalpriform, 
but  do  not  grow  from  persistent  pulps;  the  dental  formula  is 

Z  -   C.  -  Pm.  ^  M.-    If  Esthonyx  be  not  aUied  to  Flatychoe- 

3'       i'         3'  3 
rops,  the  former  must  constitute  the  type  of  a  family,  which  should 
be  known  as  the  Esthonychida.    The  genus  Fsittacotherium,  of 
which  the  family  position  is  uncertain,  has  the  mandible  of  great 
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tTsecon^'^'  molars  with  transverse  ridges;  both  the  first 

and  second  ower  incisors  being  scalpriform,  and  growing  from 
persistent  pulps;  and  the  genus  may  be  regarded  fs  conne  ting 
fn.A^po^.s.n^^  The  lower  dental  formula  applall 

iL  v  '  f '  •  3'  ^  3  ;  and  two  species  are  known  from 
tne  Ji^uerco,  or  lowest,  Eocene  of  New  Mexico. 

Family  Calamodontid^.— In  Calanwdon,  the  type  genus  of 
this  family  (the  T.niodontia  of  Professor  Cope),  the  lower  jaw 
resembles  that  of  Psittacotherium ;  there  are  three  lower  incisors 
ot  which  the  second  and  third  are  scalpriform,  and  have  their 
anterior  surfaces  faced  with  enamel ;  and  the  cheek-teeth  are  five 
in  number,  but  cannot  be  differentiated  into  premolars  and  true 
molars.  There  is  no  diastema,  and  the  cheek-teeth  approximate 
to  those  of  the  Rodents  in  their  massive  squared  crowns,  and  have 
also  been  considered  to  show  resemblances  to  those  of  the  Eden- 
tates. The  second  lower  incisor  is  much  larger  than  either  of  the 
others,  and  the  mandibular  condyle  is  transversely  elongated  Pro- 
fessor Cope,  as  will  be  noticed  below,  regards  this  group,  and  more 
especially  Psittacotherium,  as  close  to  the  ancestral  types  of  the 
Rodentia,  and  has  also  suggested  their  alliance  to  the  ancestors 
of  the  Edentates ;  Calamodon  is  from  the  Wasatch  or  Middle 
Eocene. 

Family  Stylinodontid/e.— Professor  Marsh  has  proposed  this 
family  name  for  the  North  American  Tertiary  genus  Stylmodon, 
in  which  the  molars  grew  from  persistent  pulps  like  those  of  the 
Edentates. 


CHAPTER  LXII. 

CLASS  M  A  M  M  A  L I  A— continued. 

Orbers  Rodentia  and  Carnivora. 

Order  VII.  Rodentia. — The  Rodents  form  one  of  the  best-defined 
orders  of  the  whole  class,  and  are  readily  characterised  by  the  ab- 
sence of  canines,  and  their  chisel-like  (scalpriform)  incisors  (of 
which  there  is  only  a  single  lower  pair),  separated  by  a  long 
diastema  from  the  cheek-teeth  (fig.  1298),  and  of  which  generally 
only  the  anterior  face  is  coated  with  enamel.  The  dentition  is 
diphyodont  and  heterodont ;  the  incisors  grow  from  persistent 
pulps,  and  the  cheek-teeth  may  be  either  rooted  or  rootless.  The 
crowns  of  the  latter  are  entirely  adapted  for  grinding,  and  are  very 
frequently  (fig.  1292)  complicated  by  deep  infoldings  of  enamel. 

The  premolars  are  very  generally  either     or  ^,  and  the  true  molars 

^.  The  premaxilte  are  large ;  the  zygomatic  arch  is  complete,  the 
3 

middle  portion  being  generally  formed  by  the  jugal ;  the  orbit  is 
confluent  with  the  temporal  fossa ;  there  is  a  long  diastema ;  and 
the  condyle  of  the  mandible  is  antero-posteriorly  elongated,  and, 
through  the  absence  of  a  postglenoid  process  in  the  cranium, 
capable  of  a  backwards  and  forwards  motion.  The  feet  are 
generally  partially  or  entirely  plantigrade,  and  usually  furnished 
with  five  ungu  iculate  digits.  More  or  less  complete  clavicles  are 
present,  and  the  acromion  of  the  scapula  frequently  has  a  long 
recurving  process.  All  the  existing  forms  are  of  comparatively 
small  size,  and  most  of  them  are  of  terrestrial  habits.  The  feature 
of  hypsodontism,  which  we  have  already  noticed  under  the  head  of 
the  Ungulata,  attains  its  greatest  development  in  this  order ;  its  final 
stage  being  the  production  of  rootless  cheek-teeth. 

That  the  Rodents  are  connected  in  some  manner  with  the  more 
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generalised  Ungulates  is  quite  evident ;  and  Professor  Cope  would 
denve  then,  from  Tillodontia,  allied  to  Cala.nodon  and  /'Xl 
thertum,  and  accordmgly  considers  that  their  lower  incisors  and  the 
con-espondmg  upper  ones  represent  the  second  of  the  three  typical 
pairs.  This  view  is,  however,  not  supported  by  the  dentition  of 
the  young  of  the  Zepondce.  The  Leporidce  show  certain  points  of 
resemblance  to  Typotherium  among  the  Toxodontia;  while  in  the 
entire  order  distant  affinities  are  indicated  to  the  Proboscidea  as  is 
shown  by  the  characters  of  the  teeth,  the  acromion  of  the  scapula 
and  the  position  of  the  jugal.i  ^  ' 

This  order  is  well  known  from  the  period  of  the  Upper  Eocene 
(Ohgocene),  while  Dedkadapis  apparently  carries  it  back  to  the 
commencement  of  the  Tertiary.  It  has  not  suffered  very  greatly 
by  the  extinction  of  family  types  at  the  present  day,  although  all 
the  gigantic  forms  have  completely  disappeared. 

Suborder  i.  Duplicidentata.— This  suborder  is  characterised 

by  the  number  of  the  incisors,  which  in  the  adult  are-,  but  at  birth 

I 

•J 

The  outer  pair  of  upper  incisors  is  very  soon  lost,  the  second 

pair  being  of  small  size,  and  placed  directly  behind  the  large  first 
pair.  The  incisive  palatal  foramina  are  large  and  confluent ;  the 
fibula  is  anchylosed  to  the  tibia,  and  articulates  with  the  calcaneum. 
The  enamel-coat  of  the  incisors  is  not  entirely  confined  to  their 
anterior  surface. 

Family  Leporid^. — In  this  family  the  number  of  cheek-teeth  is 

Pm.  ^,  M.  ■d;  these  teeth  being  rootless,  with  transverse  enamel- 
2  3 

folds.  The  clavicles  are  imperfect,  and  the  fore  limbs  shorter  than 
the  hind  ones.  This  family  includes  at  the  present  day  only  the 
cosmopolitan  genus  Lepus,  comprising  the  Hares  and  Rabbits. 
Existing  species  of  that  genus  have  left  their  remains  in  the  caves 
of  Europe  and  Brazil ;  while  extinct  ones  are  found  in  the  Upper 
Pliocene  of  France  (Z.  Lacosti),  in  the  Siwaliks  of  India,  and  in  the 
John  Day  Miocene  of  North  America.  Palaolagiis  from  the  Mio- 
cene of  the  latter  country  is  closely  allied  to  Lepus;  while  Panolax 
from  equivalent  strata  in  New  Mexico  has  only  a  single  plate  in  the 
first  upper  true  molar. 

^  The  Rodents  differ  from  the  Proboscidea  in  having  a  discoidal  in  place  of  a 
zonary  placenta;  but  it  has  recently  been  found  that  in  the  Mouse  there  are 
traces  of  this  discoidal  placenta  having  been  derived  from  an  earlier  zonary  one. 
The  zonary  placenta  of  the  Proboscidea  is  evidently  a  specialisation  of  the  diffused 
placenta  of  the  other  Ungulates;  and  we  can  now  see  how  a  further  specialisation 
of  the  zonary  placenta  results  in  the  discoidal  one  of  the  Rodents,  Insectivores, 
and  Primates. 
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Family  LAGOMYiD^.-This  family  includes  very  small  Hare-like 
Rodents,  with  short  ears,  complete  clavicles,  and  the  fore  hmbs  not 
shorter  than  the  hinder.    They  are  very  char- 
acteristic of  the  mountains  of  Central  and 
Northern  Asia,  but  also  occur  in  those  of 
Europe  and  North  America.    Their  cheek-  _ 
teeth  resemble  those  of  Lepus,  but  the  pre-     ^^.^  „g,._Left  ramus  of 

2         J  1        the  mandible  (outer  view) 

mnlnrq  ire  nCVCr  more  than  and  may  Oe  of  Lagomys  visenoviensls; 
iiiuiaio   CI  V,  ^  ^^^^        Lower  Miocene  ot 

reduced  to  \.  Those  extinct  forms  in  which  ^"™p"- 

the  premolars  are  \  have  been  separated  from  the  existing  genus 

Lagomys  as  Myolagiis,  and  those  with  only  Pm.  i  as  Titanomys,  but 

it  appears  preferable  to  include  all  these  variations  in  the  type  genus. 
The  Pleistocene  of  Europe  contains  remains  of  some  existing  and 
some  extinct  (Z.  sardus)  species,  and  the  genus  is  well  represented 
in  the  Tertiaries  of  the  Continent  as  far  down  as  the  Lower  Miocene 
(Upper  Oligocene);  the  species  of  the  latter  horizon  being  L.  viseno- 
viensls (fig.  1 291),  the  type  of  Titanoniys.  Fossil  remains  of  this 
genus  have  also  been  found  in  the  Pleistocene  cave-deposits  of  Port 
Kennedy  in  the  United  States. 

Suborder  2.  Simplicidentata. — The  incisors  are  always  -,  and 

I 

have  the  enamel  confined  to  their  anterior  surface.  The  incisive 
foramina  on  the  palate  are  of  moderate  size ;  and  the  fibula  does 
not  articulate  with  the  calcaneum. 

Family  Caviid^. — This  and  the  following  five  families  compose 
the  section  Hystricomorpha.  The  Caviida,  which  are  now  exclu- 
sively confined  to  America,  have  four  anterior  and  three  posterior 
digits,  and  in  the  existing  genera  the  crowns  of  the  molars  are 
divided  by  enamel-folds  into  transverse  lobes ;  the  number  of 

the  cheek-teeth  being  Fm.  \  M.         Cavia,  in  which  the  tail  is 

absent,  is  represented  by  remains  of  several  existing  species  in  the 
Pleistocene  of  the  Brazilian  caves  ;  while  Contracavia  is  a  much 
larger  extinct  type  from  the  infra-Pampean  of  South  America. 
Microcavia,  again,  from  the  Pleistocene  of  Argentina,  presents  char- 
acters connecting  it  with  Cavia  and  the  following  genus.  Dolichotis 
(or  Cerodon),  in  which  there  is  a  short  tail,  is  also  represented  in  the 
South  American  Pleistocene ;  two  species  being  extinct,  while  the 
third  {D.  antiqua)  may  be  identical  with  the  living  form.  Here 
may  be  provisionally  placed  the  genera  Issiodoromys  and  Nesocerodon 
from  the  Quercy  Phosphorites  and  Lower  Miocene  of  France,  which 
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are  regarded  by  recent  authorities  as  related  to  Dolichotis,  although 
formerly  p  aced  m  the  Theridomyidce.  The  crowns  of  their  mokrs 
are  vertically  divided  by  enamel-folds  into  two  heart-shap  d  bt 
^^^^.«a'«he  largest  living  Rodent-is  represented  in  the 
Brazilian  cave-deposits  by  a  species  probably  identical  with  the 
living  Capybara,  and  also  in  the  Pleistocene  of  Buenos  Ayres  bv  an 
extinct  one  estimated  to  have  attained  a  length  of  five  feet,  and  by 
a  third  {H  magnus)  of  still  larger  dimensions.  An  extinct  species 
has  also  been  obtained  from  the  Pleistocene  of  South  Carolina'- 
and  another  from  the  infra-Pampean  deposits  of  Parana.  From  the 
latter  deposits  other  forms  supposed  to  be  more  or  less  nearly 
allied  to  the  existing  genus  have  received  the  names  Cardiaikerium 
Frocardiatherium,  Cardiomys,  and  Cardiodon  ;  the  latter  name  had' 
however,  been  previously  appHed  to  a  Sauropodous  Dinosaur  i  and 
is  therefore  inadmissible.  ' 

Family  Dasyproctid^.— In  this  South  and  Central  American 
family  the  number  of  the  cheek-teeth  is  the  same  as  in  the  last ; 

and  these  teeth  are  also  semi- 
rooted,  but  their  crowns  have 
external  and  internal  enamel- 
folds  (fig.  1292);  and  the  in- 
cisors are  long.  The  type 
genus  Dasyprocta  is  repre- 
sented by  numerous  forms  in 
the  Pleistocene  of  the  Brazilian 
caves ;  while  a  Ccelogenys  oc- 
curring in  the  same  deposits 
is  probably  identical  with  the 
living  Paca  {C.  paca). 

Family  Chinchillid^.  — 
This  third  family  of  American 
Rodents  has  the  same  dental 
lo^v^f  dSi;;fotiri;J%;;i  TZrVc.'  ^^^^^  as  the  last,  but  the 

J^^ll°°^^2\lr'^^^^°"'^^"^^'"''^^°^'^^  ^"^o^^rs  have  continuous  en- 
amel-folds extending  com- 
pletely across  their  crowns,  and  the  hind  limbs  are  much  elongated. 
The  genus  Lagostomus  is  represented  in  the  South  American  Pleisto- 
cene by  the  existing  Vischaca  (Z.  trichodactylus),  as  well  as  by  some 
extinct  forms.  Megamys  from  the  infra-Pampean  deposits  of  Pata- 
gonia and  Parana  is  the  largest  representative  of  the  order  yet 
known  ;  its  bulk  being  estimated  as  equal  to  that  of  an  Ox.  Several 
species  have  been  described,  one  of  which  is  the  type  of  Pota- 
viarchus  of  Dr  Burmeister.  Allied  genera  from  the  South  American 


^  See  page  11 77. 
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deposits  are  Epiblema  and  Tetrastylus ;  one  species  of  the  latter 
hovincr  been  originally  referred  to  Theridomys. 

f"Llv  HvsxliciDL-The  Porcupines  are  well  charactensed  by 
their  Piny  covering.  The  number  of  their  cheek-teeth  is  the  same 
Is  n  ?he  preceding  famihes ;  and  these  teeth  have  both  external 
and  internal  enamel-folds.  An  extinct  species  of  the  Amencan 
T^Tsyn^theres  occurs  in  the  Pleistocene  of  the  Brazilian  caves 
fhile  a-^pecies  of  the  other  American  genus  Enthtzon  is  recorded 
^om  cave-deposits  in  Pennsylvania.  Atherura  is  found  in  the 
Pleistocene  of  Southern  India.  occurs  in  the  Pleistocene 

and  Pliocene  of  India;  in  Europe  from  the  Upper  Pliocene  of  the  Val 
d'Arno  down  to  the  Middle  Miocene,  and  perhaps  to  the  Quercy 
Phosphorites ;  while  in  North  America  it  is  represented  both  in  the 
Pliocene  and  the  White  River  Miocene.  Finally,  Mylagaulus  from 
the  Miocene  of  the  United  States  may  be  allied  either  to  Hystrix  or 

Dasyproda  (Agouti).  r        tdi  ■ 

Family  Castoroidid^.— The  gigantic  Castoroides,  of  the  Pleis- 
tocene of  the  United  States,  is  now  generally  regarded  as  entitled  to 
represent  a  distinct  family  although  originally  placed  in  the  Cas- 
toridce.  Although  presenting  certain  cranial  features  recalling  Castor, 
its  dentition  comes  nearest  to  that  of  Chinchilla  and  Hydrochmrus. 
The  extinct  genera  Loxomylus  and  Atnblyrhisa,  from  the  Pleistocene 
of  the  Antilles,  may  probably  be  included  in  the  same  family ;  their 
dentition  presenting  many  resemblances  to  that  of  Chinchilla.  Cas- 
toroides  must  have  attained  the  dimensions  of  a  Bear. 

Family  Octodontid^. — With  the  exception  of  Ctenodactylus  the 
number  of  the  cheek-teeth  in  this  Ethiopian  and  South  American 
family!  jg  the  same  as  in  the  Hystricida;  these  teeth  having  both  ex- 
ternal and  internal  enamel-folds,  with  either  imperfect  or  perfect  roots. 
In  the  South  American  Pleistocene  we  meet  with  existing  and  a  few 
extinct  species  of  the  genus  Carterodon,  which  is  characterised  by 
the  broad  and  grooved  incisors,  and  also  of  Myopotatnus  (Coypu), 
Echinomys,  Loncheres,  Phyllomys,  and  Ctenomys.  Other  forms  from 
the  South  American  Tertiaries  allied  to  the  latter  have  been  named 
Phloramys  and  Pithanotomys ;  while  Morenia  and  Or  thorny  s,  from 
the  infra-Pampean  beds  of  Parana,  and  Tribodon,  from  Monte  Her- 
mosa,  are  regarded  as  related  to  Myopotamus.  The  extinct  Pelle- 
grinia,  from  the  Sicilian  Pleistocene,  may  be  allied  both  to  the 
Ethiopian  Ctenodactylus  and  the  American  Octodon. 

Family  Theridomyid^. — This  extinct  family  appears  to  be  most 
nearly  related  to-  the  preceding  although  connected  by  ArchcBomys 

I  3 

with  the  Chinchillidce.   The  cheek-teeth  number /'w.  -,  M.-.  In 


1  One  species  of  Echinoinys  occurs  in  Central  America. 
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Theridomys  (fig.  1293,  b)  they  are  rooted,  and  have  three  or 
tour  re-entering  enamel-folds,  which  form  isolated  disks  on  the 

worn  crowns.  This  genus  occurs 
in  the  Lower  Miocene  and  Upper 
Eocene  of  Europe;  while  Syl- 
lophodus  of  the  North  American 
Miocene  is  closely  allied.  Prot- 
echinomys  of  the  Lower  Miocene 
and  Upper  Eocene  of  France  has 
rooted  cheek-teeth  with  crowns 
very  like  those  of  Theridoifiys 
and  the  living  Echinomys  {Ocio- 
dontidce) ;  while  Archceomys  of 
the  same  deposits  has  the  teeth 
devoid  of  roots,  with  their  en- 
amel-folds continuing  across  the 
crown,  and  dividing  it  into 
laminae  (fig.  1293,  a).  Trechomys 
is  a  fourth  allied  genus  from  the 
Quercy  Phosphorites,  having  cheek-teeth  somewhat  hke  those  of 
Theridomys,  but  with  laterally-compressed  crowns. 

Family  Dipodid^. — This  and  the  four  following  families  are 
embraced  in  the  section  Myomorpha.  In  the  Dipodidce  (Jerboas) 
remains  of  the  existing  Alactaga  jaculus  occur  in  the  Pleistocene  of 
Europe,  and  those  of  Zapus  {Jaculus)  hudsonianus  in  the  correspond- 
ing beds  of  North  America;  while  a  species  of  Platycercoinys  has 
been  recorded  from  the  Pleistocene  of  Northern  Asia.  The  so-called 
Dipdides  of  the  Tertiary  of  Wiirtemberg  is  probably  a  Chalicomys. 
Family  Geomyid^. — The  American  Pouched-Rats,  in  which  the 
I  3 

cheek-teeth  are  Pin.  -,  M.      are  represented  by  species  of  the  type 

genus  Geomys  in  the  Pleistocene  and  Pliocene  of  North  America, 
and  also  by  one  existing  species  of  Thomomys  in  the  Pliocene  of 
Oregon.  In  the  Miocene  of  the  United  States  two  extinct  genera 
are  also  met  with,  of  which  Entoptychus  is  allied  to  Thomomys,  and 
has  rootless  molars  and  broad  incisors  ;  while  Pleurolichus  has  rooted 
molars  and  the  incisors  without  grooves,  like  those  of  the  allied 
existing  genus  Heteromys. 

Family  Spalacid^. — This  Old  World  family  comprises  burrow- 
ing Rodents,  with  large  incisors,  and  rooted  molars  having  re-enter- 
ing enamel-folds.  The  only  fossil  representative  is  a  Rhizomys, 
from  the  Siwalik  Hills  of  India,  which  appears  to  be  closely  allied 
to  the  living  forms ;  all  of  which  are  characterised  by  the  absence  of 
premolars. 

Family  Murid^e. — The  MuridcB  form  by  far  the  largest  family 


Fig.  1293. — A,  Left  lower  cheek-teeth  of 
Archieomys ;  b,  Left  upper  cheek-teeth  of 
Theridomys;  c,  Left  lower  cheek-teeth  of 
Chalicomys.  a  and  B  enlarged.  In  B  the 
uppermost,  and  in  A  and  c  the  lowest,  tooth  is 
the  premolar. 
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Of  the  order,  and  are  mainly  characterised  by  certam  pecuhar  features 
of  the  skull  With  the  exception  of  Sminthus,  premolars  are  want- 
ing; and  the  true  molars,  except  in  the  Australian  Hydromys 

in  number ;  while 


2 


are 


Xeromys,  where  they  are  reduced 
the  lower  incisors  are  laterally  compressed.  The  molars  may  be 
rooted  or  roodess,  and  either  brachydont  and  tuberculate  or  hypso- 
dont  with  re-entering  enamel-folds.  This  family  may  be  divided 
into  several  subfamilies.  Of  these  the  Cricetince  have  the  cusps  of 
the  upper  molars  arranged  in  two  longitudinal  series ;  these  teeth 
beinc^  either  rooted  or  roodess.  This  subfamily,  which  is  now  the 
domtnant  one  in  America,  but  was  formerly  largely  developed  in 
the  Old  World,  where  it  is  still  found,  appears  to  represent  the 
archaic  or  generalised  type  of  the  family.  In  the  Voles,  or  the 
more  speciaHsed  Cricetines,  the  cusps  of  the  molars  have  become 
modified  into  triangular  prisms  alternately  arranged  (fig.  1294),  and 


Fig.  1294.— The  left  upper  and  lower  molars  of  the  Water-Vole  {Arvicola  amjihibius). 

Enlarged. 

the  roots  are  generally  not  developed,  so  that  the  crowns  are  hypso- 
dont.  Siphneus,  which  connects  this  family  with  the  preceding,  is 
found  at  the  present  day  in  Central  Asia,  and  is  represented  by  a 
living  species  in  the  Pleistocene  of  the  Altai,  and  by  another,  which 
is  extinct,  in  the  Pliocene  of  Northern  China.  OiArvicola  {Microtus'^), 
and  Lemmus  (including  Cuniculus),  there  are  numerous  species  in 
the  Pleistocene  of  Europe,  some  of  which  are  identical  with  living 
forms,  while  others  are  extinct ;  the  former  genus  being  also  repre- 
sented in  the  Forest-bed  and  the  Coralline  Crag.  The  allied  Fiber, 
of  North  America,  occurs  also  in  the  Pleistocene  of  the  same 
country.    In  the  typical  or  less  specialised  forms,  the  molars  usually 

1  This  name,  as  being  earlier  than  Arvicola,  is  adopted  by  several  recent 
writers. 
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have  simple  cusps,  and  are  rooted.  Paciculus,  from  the  Miocene  of 
he  United  States  is  alhed  to  the  next  genus,  but  has  enamel-folds 
to  the  molars.  Neotoma  is  represented  by  a  species  in  the  Pleisto- 
cene of  the  Pennsylvanian  caves,  which  is  perhaps  not  distinct  from 
the  living  Florida-Rat.  The  genus  Cricetus,  typically  represented 
by  the  European  Hamsters,  is  taken  by  Mr  O.  Thomas  to  include 
the  American  Hesperomys.  It  is  represented  sparingly  in  the  Pleis 
tocene  of  Europe ;  but  it  is  probable  that  Cricetodon  (Decticus) 
which  ranges  from  the  Quercy  Phosphorites  to  the  Middle  Miocene 
of  France,  cannot  be  generically  separated.  In  America  fossil  forms 
occur  abundantly  in  the  Brazilian  cave-deposits,  where  they  have 
been  described  as  Hesperomys ;  and  it  is  probable  that  we  must 
include  in  the  same  large  genus  {Cricetus)  the  so-called  Eumys  of 
the  Miocene  of  North  America.  The  subfamily  Deomyince  is  only 
known  by  Deomys,  of  the  Congo  Valley,  which  has  upper  molars 
intermediate  in  structure  between  those  of  the  preceding  and  follow- 
ing subfamilies.  The  Murines,  or  more  specialised  Mice,  are  mainly 
characteristic  of  the  Old  World,  and  do  not  date  back  far  in  time. 
Their  upper  molars  have  the  cusps  or  tubercles  arranged  in  three 
longitudinal  rows  and  well-developed  roots.  Mus,  or  the  closely 
allied  Acomys,  is  first  known  from  the  Pliocene  Pikermi  beds,  and 
thence  is  found  through  the  Pleistocene  of  Europe.  The  Australian 
genera  Hapalotis  and  Mastacomys  are  represented  by  existing  species 
in  the  cave-deposits  of  that  country.  The  Indian  Phlceomyina:,  hav- 
ing broad  upper  incisors,  and  rooted  molars 
with  transverse  laminae,  are  represented  in 
the  Pleistocene  of  Madras  by  two  species  of 
Nesocia  identical  with  those  now  inhabiting 
the  same  area.  The  Gerbillince.  also  have 
laminated  molars  (fig.  1295),  but  the  upper 
incisors  are  narrow  and  the  hind  limbs 
elongated.  The  existing  Gerbillus  indicus 
ofrh!mandiwe^andYhe?ower  o^curs  fossil  in  the  Madras  caves.  The 
molars  (enlarged)  of  Gerbillus  last  molar  in  both  the  upDcr  and  lower 

mdicus;  from  a  cave  in  Ma-    .  r    i  •  "^j^v,i    ^ii^j.    iw..  i-i 

dras.  jaws  of  this  genus  has  only  a  single  trans- 

verse lamina,  as  shown  in  the  figure. 
Lastly  the  Sminthina,  in  which  there  is  a  premolar  in  the  upper 
jaw,  are  represented  by  the  existing  Sminthus  vagans  in  the  Pleisto- 
cene of  Europe. 

Family  Myoxid^e. — In  the  Dormice  the  number  of  the  cheek- 
I  •J 

teeth  is  Pm.       M.  - ;  these  being  rooted,  with  complex  enamel- 
^  3 

folds.  For  palseontological  purposes  all  the  forms  may  be  included 
in  Myoxus,  which  commences  in  the  Paris  gypsum  and  Quercy 
Phosphorites,  and*  is  represented  in  the  Pleistocene  of  Malta  by  a 
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snecies  of  the  size  of  the  Guinea-pig.  The  so-called  Brachymys  of 
the  German  Miocene  appears  to  be  generically  the  same. 

As  Myomorpha,  of  which  the  affinities  are  uncertam,  may  be 
mentioned  Heliscornys,  of  the  North  American  Miocene,  m  which 
there  are  four  lower  cheek-teeth,  and  the  lower  incisors  are  com- 
pressed and  grooved ;  and  Eomys  (or  Omegodon\  from  the  Quercy 
Phosphorites,  in  which  the  cheek-teeth  are  Pm.  \,  M.  |.  Colonomys, 

from  the  North  American  Miocene,  also  belongs  to  this  section. 
Family  Castorid^.— With  this  family  we  enter  the  Sciuro- 


Fig.  1296.— Palatal  aspect  of  the  right  ui)per  and  lower  cheek-teeth  of  the  Beaver  {Castor 
fiber).    The  tooth  on  the  right  of  each  figure  is  the  premolar. 


morpha,  which  includes  all  the  remaining  Rodents.    The  Beavers 

are  natatorial  Rodents,  with  Pm.      M.       the  cheek-teeth  being 

t  3 

semi-rooted  or  rootless,  with  re-entering  enamel-folds  (fig.  1296). 
Castor  is  represented  by  the  exist- 
ing Beaver  in  the  European  Pleis- 
tocene, and  by  an  allied  form  in 
the  Pliocene  of  the  Auvergne  3 
and  also  occurs  in  the  Miocene 
of  North  America,  where  it  has 
been  named  Eucastor.  There 
has  been  great  dispute  as  to  the 

affinities     of     the     great     extinct        Fig.  i297.-Rightramusof  themandiWeof 
,  \       r     1  T  Trogonthenum  Cuvicn;  from  the  torest- 

Beaver   (fig.    1297)   of   the    Nor-     bed.   One-founh  natural  size.    (After  Owen.) 

folk    Forest-bed    and  Norwich 

Crag,  but  it  is  regarded  by  Mr  Newton  as  identical  with  both  Tro- 
gontherium  of  the  Russian,  and  Diobroticus  of  the  French  Pleisto- 
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cene.  An  allied  genus  is  Chalico7nys  {Steneofiber\  in  which  the 
humerus  has  a  foramen,  and  the  molars  fig.  1293,  c)  are  more  dis 

he^M'-r''''/;*  enamel-folds;  it  ocLs  in  Europe  in 

the  Middle  and  Lower  Miocene,  and  also  in  the  Miocene  of  North 

ctseralHed'''"''''"  ^^^"^  ^PP^^^^^^^ 

Family  IscHYROuvwjE.—Isc/iyromys  (with  which  m/omys  is 
apparently  identical)  is  a  North  American  Miocene  genus  with 

Pm.  ^  |;  having  dental  characters  of  the  Sdurida,  but  other- 
wise resembling  the  HystricidcB  and  Caviidce,  and  thus  indicating 
that  the  sections  into  which  the  existing  Rodents  are  divided  will 
not  hold  good  for  all  the  fossil  forms.  Pseudotomus  from  the  White 
River  Miocene  is  an  allied  form ;  while  Sciuromys  of  the  Quercy 
Phosphorites  is  probably  also  related.  Mysops  of  the  North  Ameri- 
can Eocene,  according  to  Dr  Schlosser,  may  be  the  same  as  Ischy- 
romys.     Gymnoptychus  (p.  142 1)  may  also  be  allied. 

Family  Sciurid^.— In  this  family  the  cheek-teeth  are  usually 
Pm.      Af.  ~   but  in  Sdurus  the  first  upper  premolar  is  often  absent. 

The  molars  are  rooted,  and,  with  the  exception  of  Eupetaurus  of 
Kashmir,  are  brachydont ;  those  of  the  upper  jaw  usually  having 
triangular  or  squared  crowns,  with  two  or  more  shallow  infolds  of 


Fig.  1298. — Side  view  of  the  skull  of  Cynomys  Ludmicianus. 


enamel  from  the  outer  side  (fig.  1299).  The  Marmots  and  their 
allies  (fig.  1298)  have  uncompressed  incisors  ;  and  the  type  genus 
Ardomys  is  represented  by  the  existing  A.  marinotta  (fig.  1299)  in 
the  Pleistocene  of  Europe,  and  by  another  species  in  that  of 
North  America.  Pksiarctomys  (with  which  Sduravus,  Marsh,  and 
Paramys,  Leidy,  are  identical)  occurs  in  the  Middle  Tertiaries  of 
both  Europe  and  the  United  States,  and  connects  Ardomys  with 
Sdums.    Spermophilus,  or  the  Sousliks,  has  both  living  and  extinct 
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Fig  1299. —  Palatal  view  of  the  right 
upper  and  lower  dentition  of  the  Marmot 
(Arciomys  mannottd).  Recent  and  i'leis- 
tocene,  Europe.  The  two  teeth  on  the  right 
side  of  the  upper  figure  are  the  premolars. 


•  •  A,  Pleistocene  of  Europe;  while  the  allied  fkshfir- 
'■"SL'^as  £r<Scribed  from 'the  Quercy  Phosphor,tes_ 
Z"r.h"s,lel.  of  wh,ch  .he  ^^^If^^^Z^ 
kr;:;  "^^rVCrS^r^  in^e  ^hi.e  River  Mio. 

cene ;  the  common  existmg  S.  vul- 
garis being  found  in  the  Norfolk 
Forest-bed.  The  recent  northern 
genus  Tamias  occurs  in  the  Pleis- 
tocene of  Europe  and  Nebraska  ; 
while  Pseudosciurus  and  Sciuroides 
are  allied  extinct  genera  from  the 
Upper  Eocene  of  the  Continent,  in 
both  of  which  the  molars  are  more 
elongated  than  in  Sciurus.  Gym- 

noptychus,  with  Pm.  \  M.'^-^  from 

the  Miocene  of  North  America, 
has   more   complex   molars,  and  An 
thereby  approaches  Pteromys ;  while  Meniscomys  AUo- 

mys  is  apparently  identical),  with  Pm.  ^,  from  the  same  deposits, 

presents  some  resemblances  to  the  American  Haplodontidce  (which, 
like  the  Anomalurida,  are  unknown  in  a  fossil  state),  Sciurodon 
from  the  Quercy  Phosphorites  is  regarded  as  a  closely  allied 
genus. 

Finally,  we  may  here  mention  the  small  Deciicadapts,  of  the 
Lower  Eocene  of  Rheims,  which'appears  to  be  a  Rodent,  although 
its  affinities  cannot  yet  be  determined. 

Order  VIII.  Carnivora. — Although  the  existing  Carnivora  can 
be  defined  with  fair  exactness,  yet  the  fossil  forms  here  included  in 
this  order  render  such  definition  almost  or  quite  impossible.  All 
the  known  forms  are,  however,  unguiculate,  with  never  less  than 
four  digits  to  each  foot,  all  of  which  bear  claws ;  and  the  pollex  and 
hallux  are  never  opposable.     The  dentition  is  diphyodont  and 
heterodont,  and  (with  the  exception  of  the  canines  of  the  Trichechida) 
the  teeth  have  closed  pulp-cavities.    The  incisors  are  very  generally 
three  in  number,  the  third  being  the  largest ;  the  canines  are  strong, 
pointed,  recurved,  and  larger  than  the  incisors  ;  while  the  first  pair  of 
incisors  never  have  an  interval  between  them.    The  cheek-teeth  vary, 
but  are  usually  compressed  in  the  anterior  part  of  the  series  ;  while  if 
the  molars  are  tuberculate,  they  are  not  complex  and  divided  into 
lobes  by  deep  infolds  of  enamel.     The  condyle  of  the  mandible 
forms  a  transversely  elongated  half-cylinder,  working  in  a  deep 
glenoid  fossa,  protected  by  a  large  postglenoid  process.  The 
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u  n^^nd  thft^  5' f ^'■"^"^"^'^^  ^^^^"t  the  radius  and 
and  lunt  if         '  r  "^^"^^  ^^^t^"^t^  but  the  scaphoid 

and  lunar  of  the  carpus  very  frequently  coalesce.  In  a  large  num- 
ber of  cases  the  humerus  has  an  entepicondylar  foramen  The 
■  majority  of  the  species  subsist  on  animal  food.  In  the  more  spe- 
cialised types  there  is  a  tendency  to  a  reduction  in  the  number  of 
the  cheek-teeth,  more  especially  the  true  molars 

As  in  the  Rodents  and  the  following  orders,  the  manus  is  sus- 
ceptible in  most  cases  of  the  movements  of  pronation  and  supina- 
tion;  the  head  of  the  radius  being  ac- 
cordingly freely  movable  in  the  lesser  sig- 
moid cavity  of  the  ulna.  The  proximal 
extremity  of  the  latter  bone  is  shown  in 
the  accompanying  woodcut  in  order  to 
exhibit  the  characteristic  features  obtain- 
ing in  the  unguiculate  orders.  Some 
observations  on  the  phylogeny  of  the 
order  will  be  found  under  the  head  of 
the  Creodonta. 

The  Carnivora  are  divisible  into  the 
suborders  Pinnipedia,  Carnivora  Vera, 
and  Creodonta ;  the  latter  being  the  most 
generalised. 

Suborder  i.  Pinnipebia. — This  sub- 
order comprises  the  typical  Seals  {P/io- 
a'drs),  the  Walruses  (TrichechidcR),  and 
the  Eared,  or  Fur,  Seals  {Otariidce) ;  all 
of  which  mainly  differ  from  the  typical 
Carnivora  in  points  connected  with  their 
subaquatic  life.    The  brain  is  relatively 
large,  with  its  hemispheres  much  convo- 
luted, and  broad  in  proportion  to  their 
length.     The  limbs  are  short,  and  are 
each  furnished  with  five  digits,  which  are  connected  by  a  web  :  in 
the  hind  feet  the  first  and  fifth  digits  are  stouter,  and  generally 
longer,  than  either  of  the  others.    In  the  Phocidce  the  hind  feet 
when  walking  are  directed  backwards  parallel  to  the  axis  of  the  body, 
but  in  the  Otariidce,  which  are  the  least  aberrant  members  of  the 
suborder,  they  are  turned  forwards.    The  dentition  varies,  but  at 
least  three  kinds  of  teeth  are  always  present.    The  canines  are  long 
and  pointed  ;  the  cheek-teeth  (fig.  1301),  which  usually  comprise  four 
premolars  and  one  true  molar,  are  not  differentiated  into  carnassials 
and  tuberculars,  but  are  usually  sharply  pointed  and  often  furnished 
with  fore-and-aft  basal  cusps,  although  they  are  blunt  and  rounded 
in  the  Walrus.    There  is  always  a  diminution  of  the  incisors  below 


—  Isig 


Fig.  1300. — Anterior  aspect  of  the 
proximal  extremity  of  the  right 
ulna  of  Nycenarctus ;  from  the  Si- 
walik  Hills.  Reduced,  ol,  Ole- 
cranon ;  a,  Anterior  tubercle  of  do.  ; 
sig,  Sigmoid  cavity  ;  l.sig^,  Lesser 
do.  for  head  of  radius. 
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the  typical  number  of  I  The  milk-teeth  are  very  minute,  and  are 
either  shed  or  absorbed  at  a  very  early  date.    The  structure  of  the 

orTdn  of  this  suborder;  but  in  the  reduction  of  the  ^^^mber  of  the 
indsors,  they  agree  with  some  of  the  Creodonts,  from  which  group 

thev  may  be  directly  derived.  .    ,  .  r  -i 

Family  PHOCiDi.-The  number  of  incisors  m  this  family  varies 

from  -  in  Cystophora  to  |  in  Phoca  and  Halicha^nis.    The  best 

known  fossil  Seals  have  been  obtained  from  the  PHocene  Crag  of 
Antwerp,  and  have  been  referred  to  the  following  genera,  of  which 


Fig.  1301.— Lateral  view  of  the  left  dentition  oi Phoca.    Reduced.    Letters  as  in  fig.  1302. 

all  but  the  first  are  peculiar  to  the  Tertiary,  although  it  may  be 
a  question  whether  all  of  them  are  rightly  distinguished  from  exist- 
ing genera.  They  comprise  Phoca,  represented  by  a  species  allied 
to  the  Common  Seal  \p.  vitulinoides) ;  Callophoca  allied  to  the 
Greenland  Seal  {P.  granlandica) ;  Platyphoca  to  the  Bearded  Seal 
{P.  harbatd)  ;  Phocanella  to  the  Ringed  Seal  {P.  fatidd) ;  Gryphoca 
to  the  Grey  Seal  {Balichcertis)  ;  Palaophoca  and  Monatheriicm  to 
the  Monk  Seal  {Monachus)  of  the  Mediterranean ;  Mesotaria  to  the 
Bladder  Seal  {Cystophora);  and  Prophoca  which  does  not  appear 
closely  allied  to  any  existing  form.  Remains  of  Phocida  in  other 
formations  are  rare ;  but  a  species  provisionally  referred  to  the  type 
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genus  has  been  obtained  from  the  Miocene  of  Malta,  while  other 
fZ'TZ-  "  °^      Crimea  and  elsewhere.  Rernl 

fron.  the  Miocene  of  Virginia  have  been  described  under  the  name 

^T'"'  ^he  Pliocene  of  South  Caroh'a 

have  likewise  been  referred  to  the  same  genus 

Family  Trichechid^.— The  Walruses,  which  are  in  some  re- 
spects intermediate  between  the  other  two  families,  are  readHy  d  s- 
tinguished  by  their  enormous  upper  canines.  The  existing  Arctk 
Tr^c^ecAus  rosnian^  occurs  fossil  in  the  Norfolk  Forest-bed,  and  an 
dhed  species,  I^r^xkyi,  in  the  Red  Crag;  while  the  names  A/acA- 
therium  ^nd  Trtchechodon  have  been  applied  to  closely  allied,  if  not 
generically  identical,  forms  from  the  Belgian  Crag 

Family  OxARim^.—This  family,  in  which  the  number  of  the 

incisors  is  invariably  |,  is  almost  unknown   in   a  fossil  state, 

although  some  writers  have  considered  that  certain  genera  here 
included  in  the  Fhocidce  should  be  referred  to  it  Remains 
of  existing  species  of  the  type  genus  Otaria  have,  however,  been 
obtained  from  Prehistoric  or  Pleistocene  beds  in  New  Zealand,  and 
also  from  the  Pleistocene  of  South  America. 

Suborder  2.  Carnivora  Vera.— In  the  typical  Carnivora  the 
bram  is  relatively  large,  and  the  hemispheres  are  elongated,  and 
always  marked  by  three  or  four  folds.    The  fore  limbs  never  have 
the  first  digit,  or  the  hind  limbs  the  first  and  the  fifth  digits  longer 
than  all  the  rest.    There  is  always  a  more  or  less  distinctly  defined 
carnasstal  tooth  in  each  jaw ;  the  teeth  in  front  of  such  carnassial 
being  always  more  or  less  compressed  and  pointed,  while  those 
behind  the  same  are  broad  and  tuberculated.    And  it  appears  from 
the  dentition  of  the  suborder  Creodonta  that  these  tuberculated 
posterior  teeth  are  the  most  specialised.     The  upper  carnassial 
{P\  fig-  1302),  as  being  the  hindmost  of  those  teeth  which  have 
milk  predecessors,  is  reckoned  as  the  last  premolar;  and  it  usually 
consists  of  an  outer  compressed  blade,  generally  furnished  with  two 
(fig.  1302),  but  occasionally  (fig.  1325)  with  three  cusps  or  lobes, 
and  of  an  inner  tubercle  (fig.  1325).     This  tubercle  is  generally 
placed  near  the  anterior  extremity  of  the  crown,  and  is  of  medium 
size;  but  in  some  instances,  as  in  Machcerodus  (fig.  1334),  it  may 
be  almost  absent,  while  in  others,  as  in  the  Otters  (fig.  1303),  it 
attains  a  great  development.    The  lower  carnassial  {m^  in  the  man- 
dible of  fig.  1302),  as  the  most  anterior  of  the  teeth  without  milk 
predecessors,  is  reckoned  as  the  first  of  the  true  molar  series. 
Typically,  the  crown  of  this  tooth  (fig.  1302)  consists  of  an  an- 
terior blade,  composed  of  two  compressed  cusps  or  lobes,  and  an 
inner  cusp  (fig.  13 18),  and  of  a  hind  talon.    In  the  Wolf  (fig.  1302) 
all  these  elements  are  well  developed ;  but  sometimes,  as  in  Felis 
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N  Ur.fh  ihP  inner  cusp  of  the  blade  and  the  talon  may  be 
(fig.  i33i)>  both  the  inner  cusp  o  ^^^^^  ^^^^^^ 

:^^i:c^^!k:XoPnt^n^  the  blade  be  proportionately  re^ 
dSfthe  cusps  or  lobes  of  the  latter  being  m  such  cases  placed 
obliquely. 

Although  ,h=  foregoing  ter,™  are  f  f^'^^rstlalt^oS 


Fig. 


1302.— Outer  lateral  view  of  the  left  dentition  of  the  Wolf  (Cnnis  lufus).  Reduced. 
2,  Incisors  ;  c.  Canine ;  /,  Premolars  ;  m,  Irue  molars. 


lobes  to  the  blade  (fig.  i3i8,/;«.  4),  it  appears  that  the  inner  tubercle 
represents  the  protocone  of  the  tritubercular  type  (p.  1275),  the  hrst 
lobe  of  the  blade  corresponding  to  the  paracone,  and  the  second  to  the 
metacone.  In  those  forms  with  a  trilobed  blade  (fig.  1325),  the  antenor 
lobe  is  a  superadded  element  not  found  in  the  primitive  type.  In  the 
lower  camassial  (compare  fig.  1145,  P-  1275)  the  posterior  lobe  of  the 
blade,  which  is  really  external,  is  the  protoconid ;  the  antenor  lobe 
(paraconid)  and  the  inner  cusp  (metaconid)  are  both  internal ;  while  the 
talon  is  the  hypoconid. 

With  very  few  exceptions,  the  incisors  are  -  in  number.  The 

3 

digits  are  nearly  always  furnished  with  long,  sharp,  and  more  or  less 
curved  claws,  which  in  the  true  Cats  {Felis)  can  be  retracted  into 
protecting  bony  sheaths.  In  some  genera,  like  Urs7is,  the  whole  of 
the  sole  of  the  foot  is  applied  to  the  ground  in  walking  {plantigrade), 
while  in  others,  like  Cants,  only  the  terminal  digits  are  so  used 
{digitigrade).    As  a  feature  of  some  importance  in  this  suborder, 
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mention  must  be  made  of  the  alisphenoid  canal,  which  is  a  short 
bony  channe  situated  in  the  alisphenoid  bone  i^mediat  y  on  the 

sutordef  hat  h  ^'^'T-^' .  '^''"^^  representatives' of  thi 

suborder  have  been  divided  into  three  sections-the  Arctoidea 
Cynoidea  and  ^luroidea;  but  extinct  forms  show  such  a  complete 
ransition  between  the  three  that  it  is  impossible  to  adopt  any  dfv' 
sions  of  higher  rank  than  families,  and  scarcely  any  two  writers  agree 
tL  A^Jto  r '  °'  'if  ^\      -°~ery' doubtful  Se: 

o  tlfj  n  V  ^  ^  "'"'^'''^  S'^^P-  Wh^"'  ^"deed,  we  go  back 
to  the  Upper  Eocene  or  Lower  Oligocene,  where  this  suborder  is 
first  definitely  known,  we  find  that  Bears  pass  imperceptibly  into 
Dogs,  Dogs  into  Civets,  Civets  into  Hysenas  and  Cats,  while  Weasels 
appear  to  be  related  to  the  Civets  ;  and  the  principles  adopted  in  the 
Classification  of  recent  forms  consequently  fail  to  enable  us  to  make 
any  really  satisfactory  arrangement. 

Family  MusTELiD^.— This  family  comprises  the  Sea-Otters, 
Otters,  Badgers,  and  Weasels.  In  all  existing  forms  the  skull  has 
no  alisphenoid  canal;  there  is  never  more  than  one  upper  true 
molar,  and  the  lower  true  molars  are  nearly  always  two,  although 
reduced  to  one  in  Mellivora.  The  upper  true  molar  has  its  inner 
tubercular  portion  wider  than  the  outer  or  cutting  moiety  (fig.  1306) 
this  feature  being  most  developed  in  the  Otters  (fig.  1303);  and  the 


Fig.  1303.— Palate  of  i»</lrac/«««a;  India. 

cusps  of  the  blade  of  the  lower  carnassial  are  comparatively  low  (fig. 
1308).  The  palate  is  comparatively  wide,  and  the  premolars  are 
somewhat  crowded  together;  while  the  auditory  bulla  has  no 
septum,  and  is  usually,  but  slightly,  inflated.  It  is  suggested  by 
Dr  Scott  that  the  Mustelidce  are  a  branch  from  the  primitive  Viver- 
ridce,  and  there  is  considerable  evidence  in  favour  of  this  Yiew, 
which,  if  true,  at  once  breaks  up  the  Arctoidea. 

The  existing  Lutrine  section  may  be  pateontologically  divided 
into  Lutra  and  Enhydra  ;  the  latter  being  a  marine  form  unknown 
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•    n  fossil  state     The  species  of  Lutra  are  characterised  by  the 
m  a  fossil  state,     x       v  .  ^g^^n 

'^t;::^^^.  '-^^^i^ul.aris^  dental 
formula  is  /.  K  C  \,  Fm.      M.  \,  but  ir.  some  existir^g  species  the 
first  upper  premolar  may  be  absent  (fig.  1303),  and  other  variations 
occuHn  fossil  forms.    This  genus  may  be  divided  into  three  groups 
whkh  it  I  quite  permissible  to  regard  as  distmct  genera,  and  of 
vWch  the  first  and  third  are  extinct.    The  Enhydnodont,  or  most 
pectl Led  group,  comprises  two  large  otters  respectively  from  the 
PHo^ene  Silaliks  of  India  and  the  Middle  Miocene  of  Italy,  which 
^Sned  dimensions  fully  equal  to  those  of  the  existing  L  brasrhensts 
In  both  these  forms  the  first  upper  premolar  is  absent,  and  in  the 
Indian  Z.  sivalensis  the  second  premolar  may  likewise  disappear 
In  this  species,  moreover,  the  fourth  upper  premolar  or  carnassial 
(fig.  1305)  differs  from 
that  of  all  other  otters 
in  that  the  inner  crescent 
consists  of  three  distinct 
tubercles  ;  but  the  Italian 
L.  Campanii  (fig.  i3°4) 
connects  in  this  respect 
the  Indian  species  with 
the   true    otters.  The 
typical  group,  which  in- 
cludes  all   the  existing 
forms,  is  known  to  date  from  the  Middle  Miocene  of  Europe,  and 
also  occurs  in  the  Tertiaries  of  America  and  the  Indian  Siwaliks. 
Remains  of  the  existing  L.  vulgaris  occur  in  the  Norfolk  Forest- 
bed  ;  while  the  Siwalik  L.  palaindica  is  closely  allied  in  the  structure 
of  its  teeth  and  skull  to  the  living  hairy-nosed  otter  (Z.  sumatrana) 
of  Asia.    Finally,  the  Lutridine  group  is  represented  only  by  Z. 
Valetoni,  of  the  Lower  Miocene  of  the  Continent,  which  is  dis- 
tinguished from  all  other  Mustelines  by  the  presence  of  a  minute 
second  upper  true  molar.    This  species  is  also  characterised  by  the 
narrowness  of  the  first  upper  true  molar,  and  by  the  circumstance 
that  the  anterior  upper  premolars  are  placed  immediately  behind 
the  canine,  instead  of  being  squeezed  towards  its  inner  side,  as  in 
fig.  1303.    If  regarded  as  generically  distinct,  this  form  should  be 
known  as  Potamotherium.    The  Miocene  Trochidis  appears  to 
connect  the  Otters  with  the  Weasels. 

Among  the  Badgers  and  their  allies  extinct  species  of  the  type 


Fig.  1304.— The  right 
upper  carnassial  oi  Lutra 
Campanii;  from  the  Mio- 
cene of  Italy.  In  its  na- 
tural position  the  outer 
ridge  would  be  oblique, 
as  in  fig.  1303. 


Fig.  1305. — The  left  upper 
carnassial  of  Lutra  sivalen- 
sis; from  the  Pliocene  of 
India.  The  outer  ridge  is 
broken. 
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!u  °f  P^^^i-.  the  common  Badger 

{M.  axus)  bemg  found  m  the  Pleistocene  of  Europe  •  while  extinr 

the  Phocene  of  India,  this  genus  being  confined  to  that  country 


»t.  I 


7/t.  I 


Fig.  i3o6.-The  right  upper  and  left  lower  dentition  of  Mellivora  sivalensis  ■ 
from  the  Pliocene  of  India. 

and  Africa.  The  last-named  deposits  also  yield  the  extinct  Melli- 
vorodon.  Species  of  the  American  genus  Mephitis  {Conepatus) 
occur  in  the  Pleistocene  cave-deposits  of  Brazil ;  while  Promephiiis, 
of  the  Pliocene  of  Greece,  is  considered  to  be  allied.  Palceomephitis, 
of  the  Miocene  of  Bavaria,  which  has  been  placed  in  this  family, 
appears  to  be  identical  with  Viverra. 

The  Weasels,  or  typical  representatives  of  the  family,  which  are 
divided  into  the  existing  genera  Mustela  (including  Futorius),  Gulo, 
and  Galictis,  occur  commonly  throughout  the  higher  Tertiaries. 

Mustela  (fig.  1307),  in  which  the  premolars  vary  from  ^  to  ^,  and 

3  4 

the  inner  cusp  of  the  lower  carnassial  is  frequently  absent,  is  repre- 
sented by  numerous  existing  species  in  the  Pleistocene  of  Europe, 
and  by  a  number  of  extinct  forms,  some  of  which  it  has  been  pro- 
posed to  separate  under  the  names  of  Plesiogale  and  Palaogale,  rang- 
ing down  to  the  Quercy  Phosphorites.  A  large  species  (fig.  1308) 
occurs  in  the  Siwaliks  of  India,  which  was  probably  closely  allied 
to  M.  flavigula  of  the  same  regions ;  and  other  large  forms  are 
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r  A  ,-n  the  Miocene  of  Bavaria,  and  the  Pliocene  of  Greece  and 
found  in  the  represented  by  a  smaller  species  in 

fhrPlloren  of  S  ILrica'  M  Larteti  of  the  Miocene  of 
Sanson  should  perhaps  be  referred  to  the  African  genus  Ictonycc. 


Fig.  i307.-Right  lateral  view  of  the  skull  of  the  Polecat  {Mustela ^torias). 

The  extinct  Flestdts  occurs  in  the  Lower  Miocene  and  Upper 
Eocene  (Oligocene)  of  Europe,  and  is  characterised  by  the  presence 

of  -  premolars,  and  the  circumstance  that  the  temporal  ridges  of 

the"*^  cranium  do  not  unite  to  form  a  sagittal  crest,  as  they  do  in 
Mustela.  The  inner  portion  of  the  upper  true  molar,  as  in  some 
of  the  Miocene  species  of  Mustela  {Falceogale),  be- 
comes narrower  than  the  outer,  and  the  auditory 
bulla  is  more  inflated ;  both  these  features  indicat- 
ing affinity  with  the  Viverrine  genus  Stenoplesictis. 
The  existing  genus  Galidis  of  America  is  repre- 
sented in  the  Pleistocene  of  the  two  divisions  of 
that  Continent ;  while  the  Arctic  Gulo  occurs  in  the 
Pleistocene  of  Europe,  where  remains  of  the  existing 
Wolverine  ((?.  luscus)  are  met  with. 

Family  Procyonid^. — The  Procyonida  may  be 
taken  to  include  both  the  American  Racoons  and 
Coatis  and  the  Indian  ^lurus,  but  are  of  small 
palaeontological  importance.    In  all  living  genera  the  true  molars 

are  -  in  number ;  and  the  American  forms  have  no  alisphenoid 
2 

canal.  Nasua  (Coati)  occurs  fossil  in  the  Pleistocene  of  Brazil ; 
and  the  extinct  Cynonasua,  characterised  by  the  presence  of  three 
lower  true  molars,  is  found  in  the  older  m/ra-Pampean  of  Pata- 
gonia. Procyon  (Racoon)  is  represented  in  the  Pleistocene  of 
North  America;  while  Leptarctus  from  the  same  deposits,  and 
Ardodus  from  the  Pleistocene  of  South  Carolina,  are  extinct  genera 


Fig.  1308.— Upper 
and  outer  view  of 
the  left  lower  car- 
nassial  oi  M ustcla  ; 
from  the  Pliocene 
of  India. 
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connecting  the  present  family  with  the  next,   ^lurus  is  represented 
at  the  present  day  by  a  single  species  from  Nipal  and  theTd  aclnt 
egions.    In  common  with  the  American  members  of  the  S  i 
s  charactensed  by  the  second  lower  true  molar  being  longer  than 

atter  The  J  '^""'^  ^  "carnassial"  chfractef  in  the 
latter    The  molars  are,  however,  of  an  unusually  complex  character- 

\  P^^^^"^^  ^  decided'approximat ion 

to  the  third  molar  of  certam  Ungulates.    The  only  fossil  that  has 

been  referred  to  this  genus  is  a  fragment  of  a  mandible  with  the  last 
true  molar  from  the  Red  Crag  of  Suifolk.  It  is,  however,  advisable 
to  await  further  information  before  admitting  this  determination  as 
certain. 

Family  URSiD^.—Pal3eontologically  it  appears  advisable  to  in- 
clude m  this  family  not  only  the  Bears,  but  also  the  Dogs  (CanidcB) 
since  the  passage  from  one  type  to  the  other  is  so  complete  as  to 
render  it  impossible  to  draw  any  satisfactory  distinction  between 
them.    Although  no  precise  definition  of  this  family  can  be  given 
the  following  points  may  be  noticed.    With  the  exception  of  the 


Fig.  I3<g.— Outer  view  of  the  right  dentition  of  the  Polar  Bear  {Ursus  tnaritiinus). 
Reduced,    i.  Incisors  ;  c,  Canine  ;  fm,  Pretnolars  ;      True  molars. 

existing  genus  yEluropus  the  skull  has  an  alisphenoid  canal.  The 
upper  true  molars  are  frequently  two  in  number,  but  they  may  be 
reduced  to  one  (Icticyon),  or  increased  to  three  {Amphicyon)  or  four 
{Otocyon) ;  while  the  corresponding  teeth  of  the  lower  jaw  are  nearly 
always  three  in  number,  although  they  may  be  reduced  to  two,  and 
in  Otocyofi  are  augmented  to  four.  The  first  upper  true  molar  is 
invariably  placed  behind  the  carnassial,  and  the  latter  generally  has 
two  lobes.  The  upper  true  molars  may  have  either  oblong  ( Ursus), 
squared  {Hyanarcius),  or  triangular  crowns ;  and  the  talon  of  the 
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lower  carnassial  is  well  developed.  The  auditory  region  may  either 
have  a  depressed  bulla,  without  an  inner  septum  {Ursus),  as  in  the 
existing  MustelidcE,  or  {Canis)  may  have  an  inflated  bulla  with  an  in- 
complete septum  approximating  to  that  of  the  Viverridcs.    The  least 


Fig.  1310.— Right  lateral  aspect  of  the  skull  of  the  Cave-Bear  {Ursus  speleFUs); 
from  the  Pleistocene  of  Germany.  Reduced. 


SICJ 


specialised  forms  have  an  entepicondylar  foramen  to  the  humerus, 
and  a  third  trochanter  to  the  femur.  The  feet  are  digitigrade  in  Cams 
and  plantigrade  in  Ursus.  In  common  with  the  majority  of  the  Car- 
nivora  Vera,  and  also  many  of  the  Creo- 
donta,  the  second  lower  incisor  is  thrust 
up  above  the  line  of  the  first  and  third. 

In  the  type  genus  [/rsus  the  dental  for- 
mula is  usually  I.  ^,  C.  -,  Pm.  -,  M.  -, 
31  4  3 

but  in  U.  {Melursus)  labiatus  the  number 

2 

of  the  incisors  is  reduced  to  The 

3 

second  and  third  premolars  are  usually 
shed  at  an  early  age ;  the  upper  carnas- 
sial {J>m.  4,  fig.  1309)  is  shorter  than  the 
first  true  molar,  and  lacks  the  marked 
sectorial  character  which  it  presents  in 
most  other  Carnivora  ;  and  the  upper  true 
molars  are  greatly  elongated,  and  have  flat 
tuberculated  crowns.  The  foramen  has 
disappeared  from  the  humerus ;  and  the 

olecranon  of  the  ulna  (fig.  131 1)  has  become  very  short;  while 
the  femur  has  no  third  trochanter.  This  genus  may  be  regarded 
as  in  some  respects  very  specialised,  although  retaining  generalised 
features  in  its  plantigrade  and  pentedactylate  feet.  It  is  of  com- 
VOL.  II.  2  M 


B  i?.  J311. — Anterior  aspect  of 
the  proxnnal  extremity  of  the 
right  ulna  of  Ursus  arciits. 
One-half  natural  size.  Letters 
as  in  fig,  1300. 
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rZn^l]-         ^"  °"g^"  i  the  earliest  known  species  being  U 

^S£iu1r^  ^'TT  °'  "^'^h        ^he  ancestor  of  the 

existing  ^t:  Mm^us  of  the  same  country.  The  last-named  species 
IS  found  in  a  fossil  state  in  the  caves  of  Madras.  In  the  Upper 
Pliocene  of  Europe  we  have  the  small  a  etruscus ;  and  in  the 
Pleistocene  of  the  same  area  the  existing  European  Brown  Bear 
7  Zfi'^'  \^  """'^^  identical  North  American  Grizzly  (U 
hornbths\  ^nd  the  huge  extinct  U.  spdceus,  or  Cave-Bear  (fig' 
13 lo).  The  latter  species  is  characterised  by  the  prominent  ridge 
above  the  orbits,  and  the  extremely  fine  tuberculation  of  its  molars  ■ 
Its  remains  are  found  in  extraordinary  abundance  in  the  bone-caves 


Fig.  1312.— Palate     Arctothcrium  bonariense  ;  from  the  Pleistocene  of 
South  America.    One-fourth  natural  size. 


of  the  Continent.  Very  noteworthy  is  the  occurrence  of  abundant 
remains  of  Bears  in  the  caverns  of  North  Africa,  since  but  one  liv- 
ing species  is  found  in  the  whole  of  that  vast  continent.  In  the 
Pleistocene  of  South  America  and  California  we  meet  with  the  huge 
Arctotherium  (fig.  13 12),  in  which  the  upper  carnassial  is  relatively 
longer  than  in  Ursus,  while  the  crowns  of  the  true  molars  are  more 
nearly  square ;  so  that  its  dentition  serves  to  connect  that  of  Ursus 
with  that  of  the  next  genus.  According  to  Professor  Cope  the 
humerus  has  a  foramen.  The  genus  Hyanarctus  occurs  first  in  the 
Middle  Miocene  of  Europe,  where  the  species  are  of  small  size 
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/fia  I.I and  is  represented  by  much  larger  forms  m  the  Pliocene 
of  India,  China,  and  Europe.  In  this  genus  the  proxmial  extremity 
of  the  ulna  (fig.  1300)  has  an  elongated  olecranon  similar  to  that 
of  Amphicyon  and  Canis.  There  is  also  a  third  lobe  to  the  upper 
carnassial  (whereby  it  resembles  the  corresponding  tooth  oi  Hycsna), 
while  the  first  upper  true  molar  is  square 
(fig.  1 3 14)  in  one  species,  and  imperfectly 
triangular  in  another  ;  the  lower  carnassial 
resembling  that  of  Ca7iis.  The  small  H. 
anthracitis  of  the  Middle  Miocene  of  Italy 
may  be  identical  with  H.  minutus.  Before 
noticing  the  forms  connecting  Hyanardus 
with  Canis,  we  must  mention  some  extinct 
genera  more  or  less  nearly  allied  to  the 
present  group,  and  which  Dr  Schlosser 
also  regards  as  related  to  the  Procyonidce. 
Among  these  are  Simocyon  {Pseudocyon  or 
Metarctus)  of  the  Pliocene  of  Greece  and 
Hungary,  in  which  the   number  of  the 

2  2 

cheek-teeth  is  Pm.  ,  r,  M.  - ;  and  E?i- 

(2-4)  2 

hydrocyon  (fig.  1315),  of  the  Miocene  of 

North  America,  in  which  the  cheek-teeth 

number  Pm.       M.  -,  the  cranium  is  very  short,  and  the  lower 
...      3  2 

carnassial  has  a  cutting  talon.  Oligohmis  of  the  Miocene,  and 
Tomarctus  oi  the  Pliocene  of  the  .same  country  are  also  more  or 


Fig.  1313. — Outer  and  palatal 
aspects  of  the  left  upper  true 
molars  oK  Hycenarctus  mhmtus  ; 
from  the  Middle  Miocene  of 
Silesia.    (After  Koken.) 


less  nearly  related  types.  Here  we  may  also  place  Hyanocyon  of 
the  Miocene  and  yElurodoti  {Prohycena)  of  the  Pliocene  of  North 
America,  though  Dr  Schlosser,  on  wholly  insufficient  grounds, 
would  refer  both  to  the  Hyanidce.    The  former  has  the  molars 
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reduced  to  -  ;  while  in  the  latter  the  upper  carnassial  has  three 
lobes  like  Hycenarctus,  the  number  of  teeth  according  to  Professor 
Cope  being  the  same  as  in  Canis,  and  the  humerus  having  no  fora- 
men.   More  nearly  allied  to  the  Hycenarctus  group  is  Cephalogale 


Fig.  1315.— Lateral  and  upper  view  of  one-half  of  the  cranium  q{  Enliydrocyoti  stenoceplialus , 
from  the  Miocene  of  North  America.    One-half  natural  size.    (After  Cope.) 


in  which  the  two  upper  true  molars  (fig.  1316)  become  more  or 
less  triangular,  but  the  carnassial  in  both  jaws  (figs.  131 6,  1317) 
is  comparatively  short,  with  low  cusps.  This  genus,  according  to 
Dr  Schlosser's  emendation,  is  comparatively  abundant  in  the  Upper 

Eocene  and  Lower  Miocene  of  the 
Continent ;  many  of  the  species  hav- 
ing been  included  by  Dr  Filhol  in 
Cynodidis.  Extremely  near  to  those 
species  of  Jlyceftarctus  in  which  the 
upper  true  molars  are  triangular  is  the 
gigantic  Dinocyon  from  the  Middle 
Miocene  of  Europe,  in  which  the 
above  -  mentioned  teeth  become  per- 
fectly triangular  like  those  of  Ca7iis  ; 
and  we  may  here  mention  Brachycyo7i 
from  the  Upper  Eocene  of  France.  The  widely-spread  genus 
Aviphicyon  (in  which  Pseudamphicyoii  of  Dr  Schlosser  may  be  in 
part  included)  occurs  in  Europe  from  the  Upper  Eocene  to  the 


Fig.  1316. — The  last  four  left  upper 
teeth  of  Cephatogale  Gryei;  from  the 
Upper  Eocene  of  France. 
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Middle  Miocene  of  Europe,  and  is  also  found  in  the  Pliocene  ^ 
India;  the  forms  from  the  Upper  Eocene  of  North  America 
which  have  been  referred  to  it,  are  regarded  by  Dr  Scott  as 
dis  net,  and  have  been  named  Daphanus.  Its  teeth  closely 
resemble  those  of  Cams,  but  there  are  three  upper  true  molars  ; 

he  femur  has,  however,  a  third  trochanter,  the  feet  are  plantigrade 
and  pentedaclylate,  the  distal  end  of  the  humerus  has  a  foramen, 
and  the  auditory  bulla  is  somewhat  inflated,  with  either  a  very 
rudimentary  or  no  septum.^  This  genus  has  therefore  the  dentition 
of  a  Dog,  coupled  with  limbs  more  like  those  of  a  Bear ;  and  it  is  a 
curious  comment  on  the  attempt  to  maintain  the  families  Canidcz  and 

Ursidce  that  while  Professor  Flower  places  Amphicyon  in  the  former, 
Dr  Schlosser  refers  it  to  the  latter.    This  genus  is  evidently  a  very 


Pig.        —Right  ramus  of  the  mandible  of  Cephalogak  brevirostris ;  from  the 
Upper  Eocene  of  France. 

generalised  form,  from  which  many  others  may  have  been  derived. 
In  Canis,  comprising  the  Dogs,  Wolves,  and  Foxes,  the  dental  for- 
mula is  normally  l\  C.~,  Pm.  '^,M.-,  but    in   some  forms 

3143 
{Cyoti)  the  lower  true  molars  may  be  reduced  to  two,  and  in  others 
{Lycorus)  there  are  but  three  lower  premolars,  while  occasionally  the 
third  upper  true  molar  is  retained.  The  characteristic  features  of 
the  teeth  are  shown  in  f^gs.  1302  and  1318  ;  but  it  maybe  observed 
that  the  relative  length  of  the  carnassial  and  the  degree  of  obliquity 
of  the  cusp-line  in  the  lower  carnassial  varies  in  different  species ; 
the  most  specialised  forms  showing  the  greatest  development  of 
these  features.  The  third  lower  premolar  has  a  hinder  basal  cusp 
which  is  usually  wanting  in  Amphicyon  ;  the  humerus  has  no  fora- 
men ;  the  femur  has  lost  the  third  trochanter ;  the  feet  are  digiti- 


1  The  general  characters  of  the  base  of  the  skull  of  Amphicyon  are  Ganoid, 
but  in  the  presence  of  postparietal  and  mastoid  foramina  it  agrees  with  the  Bears. 


CLASS  MAMMALIA. 


fomn/.n  "h     \u  ""^"''"^  ^"        P^^"    ^his  genus  probably 

tribuTpH  ,  he  Upper  Miocene  of  (Eningen,  and  is  widely  dis- 

ributed  over  all  the  world  from  the  Pliocene  upwards.  The  Wolf 
K^L.  lupus)  ranges  down  to  the  European  Pleistocene,  and  the  allied 
C.  Lautleyi  is  found  in  the  Pliocene  of  the  Siwalik  Hills.    C.  curvi- 


in.  3  III.  2 


w.  I 


pvt.  4  pill.  3  pill,  2  pm.  I 


Fig.  I3i8.-Palatal  aspect  of  right  lower  and  upper  dentition  of  Canh  argcntatus. 
oblique  line  in  the  lower  carnassial  is  the  cusp-line.    (After  Huxley.) 


The 


palatus  of  the  latter  deposits  shows  signs  of  affinity  with  the  African 
Otocyo7i  (Fennec).  Lycaon,  now  confined  to  Africa,  and  distin- 
guished by  having  an  anterior  cusp  to  the  last  lower  premolar,  is 
found  in  the  Pleistocene  of  Glamorganshire.  Palaocyon,  of  the 
Brazilian  Pleistocene,  is  regarded  by  Dr  Schlosser  as  indistinguish- 
able from  Ca7iis.  Temnocyori,  of  the  North  American  Miocene,  has 
the  talon  of  the  lower  carnassial  secant,  and  a  foramen  to  the  hume- 


1319, 


-Left  ramus  of  the  mandible  of  Cynodictis  laaistris  ;  from  the 
Upper  Eocene  of  France.    (After  Gaudry.) 


rus;  while  in  the  existing  American  Icticyon  {Speothos),  which  is 
represented  in  the  Brazilian  Pleistocene,  the  lower  carnassial  has 
not  only  a  secant  talon  but  also  lacks  the  inner  cusp.  Perhaps, 
however,  the  most  interesting  genus  of  the  whole  group  is  Cytwdictis 
(in  which  we  may  include  Cynodon,  Ampkicy/iodofi,  and  Pachycyno- 
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don\  of  the  Upper  Eocene  and  Lower  Miocene  of  the  Continent 
W  1^0  of  the  White-river  Miocene  of  North  America  where 
ittas  been  described  as  Galecynus.  In  this  genus  the  dental  for- 
muh  is  usually  the  same  as  in  Canis,  but  in  some  cases  (as  in  that 
Zus  there  L  only  two  lower  true  molars.  The  teeth  (figs.  13x9, 
?  ro)  resemble  also  those  of  the  Viverridce^  the  carnassials  being 
Lver  very  long,  and  the  cusp-hne  of  the  lower  one  transverse ;  and 
the  humerus  has  a  foramen.  The  auditory  bulla  is  inflated  but 
fccord^n..  to  Dr  Filhol,  has  no  septum.    This  genus  is,  indeed, 


Fie  1320.— Left  half  of  the  palate  of  Cynodictis  longirostris ;  from  the 
Upper  Eocene  of  France. 

one  closely  connecting  the  Ganoids  and  Viverroids ;  and  since  it  is 
pretty  evident  that  the  Hyanidca  and  Felida  are  divergent  branches 
from  an  early  Viverroid  stock  it  is  probable  that  Cynodictis  repre- 
sents a  type  not  far  removed  from  the  one  which  has  given  rise 
to  several  of  the  more  specialised  Carnivores,  and  is  itself  derived 
from  Amphicyon,  or  an  allied  type. 

Family  Miacid^. — This  family  is  provisionally  adopted  to  in- 
clude the  Eocene  genera  Miacis  and  Didymidis,  which  appear  to 
be  primitive  forms  alUed  to  both  Canoids  and  Viverroids,  but  which 
Professor  Cope  placed  among  the  Creodonta.  Miacis  ( ^  Uintacyon 
and  Viverravus)  occurs  in  the  Upper,  or  Bridger,  Eocene  of  _  North 
America,  and  according  to  Dr  Schlosser,  who  places  it  with  the 
Canoids,  in  both  the  Lower  and  Upper  Eocene  of  France.  Didy- 
mictis  {Limnocyon\  which  occurs  in  the  Puerco,  Wasatch,  and 
Bridger  Eocenes  of  North  America,  is  included  by  Dr  Schlosser 
in  the  Viverridce.    Dromocyon  is  noticed  on  page  i453- 

Family  Viverrid^. — The  Viverroids  are  comparatively  small 
Carnivores,  showing  such  close  affinities  in  one  direction  with  Cyno- 
dictis among  the  Ursidce,  in  another  with  the  Mustelidce,  and  in  a 
third  with  the  Hycenidce  and  the  Felidce,  that  their  accurate  defini- 
tion is  quite  impossible.    The  skull  in  existing  forms  generally 
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ha   an  ahsphenoid  canal ;  and  the  auditory  bulla  is  inflated  and 
has  a  complete  septum.    There  are  usually  two  true  mokrs  in  eZt 
jaw  although  the  second  is  wanting  in  kZZ    Tho  e  of  the 
upper  jaw  (fig.  132a)  are  usually  triangular,  and  are  always  narrower 
nternally  than  externally,  although  they  may  be  narrow' nX^J 
(fig.  1322)  and  very  broad  in  J^aradoxurus  f  ^nd,  except  in  CrvZo 
procta  are  placed  behind  the  carnassial.    The  cusps     The  bfver" 
carnassia  are  generally  very  tall ;  the  premolars  are  spaced   and  ihe 
palate  hke  the  entire  skull,  is  long  and  narrow.    The  u^per  car 
nassial  IS  subject  to  great  variation  in  relative  length     In  tvpical" 
forms  the  blade  of  the  lower  carnassial  has  an  innef  cusp  while  t 
cusp-hne  IS  transverse,  and  the  talon  is  relatively  large.    The  hum" 
rus  usually  has  an  entepicondylar  foramen.    The  feet  are  nlanti 
grade,  and  usually  have  five  complete  digits ;  and  their  claws,  as  a 
rule,  are  comparatively  straight  and  only  slightly  retractile  and  are 
not  protected  by  a  bony  sheath.    Exclusive  of  Iz/a./^and  itrallies 
which  are  here  regarded  as  representing  a  separate  family,  the  Viver- 
ridce  are  characteristic  of  the  Old  World.    The  Oriental  genus  Para- 
doxurus,^  characterised  by  its  broad  upper  molars,  is  at  present  un- 
known m  a  fossil  condition.    The  more  widely  spread  Herpestes 
(Mongoose)  is  characterised  by  its  narrow  upper  molars,  by  the 
presence  of  an  inner  tubercle  to  the  third  upper  premolar,  and  of  a 
hinder  cusp  to  the  fourth  lower  premolar.    This  genus  is  represented 
in  a  fossil  state  by  remains  of  the  existing  H.  nipaletisis  (fig.  1321) 

in  the  Pleistocene  of  India,  and  by  extinct 
species  in  the  Upper  Eocene  and  Miocene 
of  Europe.  Amphictis,  from  the  Lower 
Miocene  (Upper  Oligocene)  of  France, 
seems  to  be  closely  allied  to  Viverra,  but 
the  second  lower  true  molar  is  longer  and 
has  two  distinct  roots.  The  type  genus 
Viverra  (fig.  1322),  which  has  no  inner 
tubercle  to  the  third  upper  premolar,  corn- 
er ^^:ndTbTe'o"^^../r:  ^^^nces  in  the  Upper  Eocene  of  England 
ce&Sld/r  l^%he'tle°h  ^''^''"f        ^^^^ngsto^  and  V.  angus- 

except  the  carnassial  and  the     tlde?lS),  and   OCCUrS  right  thrOUgh  the  SUC 

canine  are  wanting.  ^egjing  Tertiarics  till  the  Lowcr  Plioccne 

of  France,  where  it  is  represented  by  V. 
Pepraxti.  The  latter  Civet,  together  with  other  allied  species  from 
the  Pleistocene  and  Pliocene  of  India,  presents,  however,  certain 
dental  features  in  which  it  approximates  to  Ictitherium.  The 
Oriental  genus  Prionodon,  in  which  there  is  only  one  upper  true 
molar,  and  the  inner  cusp  of  the  lower  carnassial  is  very  small, 
while  the  humerus  has  a  foramen,  is  not  known  to  occur  in 
a  fossil  state.     So  far  as  can  be  determined  from  the  lower 
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v.in.^^r!nnndon  of  the  Ouercy  Phosphorites,  appears  to  be  so 
Sef  S^^^^^  that  it's  somewhat  difficult  to  see  how 

?An  be  everi  generically  separated.  Closely  allied  to  Palaoprwn- 
V::^sZ7^k  from  L  same  deposits,  in  which  the  dental 

formula  is  1.  \  C.  \,  Pm.  ^,  M.  [,  or  the  same  as  in  Viverra. 
This  genus  presents,  however,  decided  indications  of  affinity  with 


Fig.  X32.. -Palatal  aspect  of  the  left  upper  dentition  of  the  Zibeth  {Viverra  zibetha) ; 
^    ^  from  India. 

the  Musteloid  Plesidis,  on  which  account  it  is  placed  by  Dr 
Schlosser,  together  with  Palceopriotiodon,  in  the  same  family;  but 
its  dentition  and  the  contour  of  the  skull  are  decidedly  Viverrme 
and,  according  to  Dr  Scott,  the  bulla  has  a  complete  septum,  of 
which  the  position  is  visible  externally,  as  in  modern  Viverrmes 
It  is,  however,  quite  probable  that  we  may  have  in  these  generahsed 


Fig.  1323.— Palatal  aspect  of  the  left  upper  dentition  oUctitherium  robustum; 
from  the  Pliocene  of  Greece.    (After  Gaudry.) 

forms  the  ancestral  types  of  the  Mustelidce,  which  from  this  view 
will  have  lost  the  septum  of  the  bulla  independently  of  the  Bears. 
In  all  the  above-mentioned  genera  the  upper  carnassial  has  only  two 
lobes,  but  in  Ictitheriicm  {Thalassictis)  they  are  increased  to  three, 
as  in  HycBna.  Ictitherium  occurs  in  the  Lower  Pliocene  of  Greece, 
Hungary,  and  France;  and  its  upper  true  molars  (fig.  1323)  have 
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become  relatively  smaller  than  in    Viverra,  and  in  the  figured 

fossil  Tn^f  which  is  unknown  in  a 

fossil  state  approxmnates  in  the  character  of  its  dentition  and  itt 
semi-retractile  claws  to  the  Felidce.  uennnon  and  its 

Family  Hv^NiD^.—The  above-mentioned  genus  Iditherium  mav 
without  much  doubt  be  regarded  as  the  ancestfal  typeTA^^^f 
which  form  a  family  of  comparatively  recent  on^gin  and  emirei; 
confined  to  the  Old  World.^    The  transition  to  Ictitlrium  isTndeed 


so  close  that  it  is  impossible  to  give  a  distinctive  diagnosis  of  the 
family.  Usually,  however,  there  is  but  a  single  upper  true  molar 
which  is  of  small  proportionate  size,  and  is  generally  placed  more  or 
less  entirely  on  the  inner  side  of  the  carnassial ;  the  latter  tooth 
(fig-  1325)  always  having  three  distinct  lobes  to  the  blade,  and  a 
well-developed  inner  tubercle.  The  lower  carnassial,  or  first  true 
molar  (fig.  1324)  has  a  very  large  blade,  and  the  hind  talon  com- 

1  This  is  exclusive  of  ^Inrodon  {Prohyana)  and  Hymnocyon,  which  Dr 
bchlosser  transfers  from  the  Ursidx  to  this  family. 
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nantively  small ;  while  its  inner  cusp,  if  present,  is  likewisereto^^^^ 
parat  vely  smc  ^^^^        ^^^^^^  ^^^^^  ^     2)  behind 

small.     1  here  is  nevci  ^ 
the  carnassial,  and  if  presen        ^^^^^.^l^^^^^^^  ,hile,  at 

ing  genus  the  humerus  has  no  ^nt^P^^^"^^  ^-^     of  ,,hich 

least  in  the  living  spec.es  ^'^^^^f  ^^^^^y^^.^.Hsed  member  of  the 

t^rSZT^T^J'l^^'^^^  Hiocene  of  Greece, 
fomily  IS  the  genus        j      ,  -^^^^^^^^  by  many  writers  in 

carnassial  teeth  are  essentially  those  of 
a  Hyeena.  The  dental  formula  is  /  |,  C.  \,  Fm.  ^,  M.  or  the 
same  as  in  Viverra.  The  first  upper  true  molar  is  placed  entirely 
on  the  nner  side  of  the  large  carnassial ;  the  lower  carnass.. l  exc  p 
for  its  rather  larger  talon,  is  almost  indistinguishable  from  that  of  the 
St  iSd  H^^^^^^  d  lower  true  molar  is  comparatively 

sSl  ThJ  first  lower  premolar  is  very  minute,  and  in  their  com- 
posed crowns  the  other  premolars  are  more  like  those  of  nverra 
S  n  hose  of  existing  Hyenas.  The  type  species  is  -mpara  1^^^^^ 
small  with  slender  jaws,  and  the  muzzle  is  elongated  after  the 
^verroid  fashion.  The  imperfectly  known  Lepthycena,  of  the  Indian 
Siwaliks,  is  closely  allied  to,  if  not  identical  with,  the  preceding 
genus  The  remaining  forms  may  be  included  m  the  genus  Byc^na, 
which  may  be  divided  into  groups  corresponding  to  the  genera 
of  some  writers,  although  there  is  an  almost  complete  transition 
from  one  to  the  other.  In  all  cases  there  is  never  more  than  a 
single  upper  true  molar,  while  in  existing  forms  the  normal  dental 
formula  is  I.  K  C.  \,  Fm.  i,  M.  \.    In  some  fossil  forms,  however, 

the  first  upper  premolar  may  be  absent,  while  in  others  there  may 
be  a  small  first  lower  premolar  or  a  second  lower  true  molar. 

Of  the  more  generalised  forms  classed  in  the  Lychyme  group 
(Lychycena\  as  represented  by  IT.  macrostoma  of  the  Phocene  of  India, 
and  H  charetis  of  that  of  Greece  and  Samos,  the  muzzle  is  long,  the 
premolars,  of  which  there  are  four  in  the  lower  jaw,  are  compressed, 
The  first  upper  true  molar  is  placed  partially  behind  the  carnassial, 
the  lower  carnassial  has  an  inner  cusp,  and  there  was  probably  a 
second  lower  true  molar.  In  the  Hymiictine  group  {Hycenidis), 
which  likewise  occurs  in  the  Pliocene  of  India  and  Europe,  the 
second  lower  true  molar  is  still  retained  as  a  very  minute  tooth,  but 
the  premolars  are  more  like  those  of  existing  forms,  and  the  com- 
paratively large  is  placed  entirely  on  the  inner  side  of  the  car- 
nassial. The  is  also  comparatively  short.  In  the  Indian 
H.  sivalensis  the  first  lower  premolar  is  lost,  although  retained  in 
the  European  H.  chceretis.    This  group  forms,  indeed,  a  complete 
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connection  between  Palhycena  and  the  next  aronn  Tn  .  •  , 
nassunl  (fig.  ,3,5)  has  a  short  third  lobe,  whfla  .L  corre^j^onding 


Fig.  i32S.-The  right  upper  carnassial  tooth     Hy<ena  striata,  from  the  outer  (a) 
and  oral  (b)  aspects  ;  from  the  Suffolk  Crag.  ^  ' 


ower  too  h  still  retains  its  inner  cusp  and  distinct  hind  talon ;  but 
the  lirst  lower  premolar  and  second  true  molar  have  totally  dis- 
appeared^ Remains  referred  to  the  existing  species  occur  in  the 
Suffo  k  Crag  the  caverns  of  France  and  the  Upper  Pliocene  or 
lleistocene  of  Italy.    JI.  arvernensis,  of  the  Upper  Pliocene  of 


Fig.  i326.-Outer  view  of  hinder  part  of  the  right  ramus  of  the  mandible  of  Hycena  Colvinil 

from  the  Pliocene  of  India. 


France  and  Italy,  seems  to  be  allied  to  H.  brimnea  of  the  Cape  ; 
while  IT.  Perrieri  {topariensts),  of  the  same  deposits  makes  another 
step  towards  IT.  crocuta,  having  lost  the  inner  cusp  to  ;//.  i.  The 
most  specialised  or  Crociititie  group  {Crocuia)  is  now  represented  by 
the  Spotted  Hyaena,  and  is  characterised  by  the  long  third  lobe  of 
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Fig.  1327. 


,  —(a)  Palatal  view  of  right  upper  carnassial  and  true  molar ;  and  (b),  Outer  vk 
of  right  lower  carnassial  of <^''''"''''. 


Indian  Siwaliks,  in  which  pm.  i  has  disappeared,  may  probably  be 
regarded  as  the  ancestor  of  the  existing  Spotted  Hyaena  {H.  croaita) ; 
while  If.  robusta,  of  the  Upper  Pliocene  of  Italy,  is  allied  to  H. 
Colvini,  but  retains  pm.  i. 

The  Spotted  Hyaena  is  now  found  m  South  Africa,  but  occurs  in  a  fossil 
state  in  the  Pleistocene  of  both  Europe  and  India.  It  is  characterised 
by  the  minute  size  of  the  upper  true  molar  (fig.  1327),  and  the  extremely 
small  size  of  the  hind  talon  of  the  lower  carnassial  {ibid>)  The  facial 
part  of  the  cranium  (fig.  1328)  is  very  broad  and  short. 

Remains  of  the  Spotted  Hyasna  occur  in  vast  quantities  in  many 
European  cave-deposits  ;  and  were  especially  abundant  in  the  celebrated 
Kirkdale  cave  in  Yorkshire,  explored  in  the  early  part  of  this  century  by 
Dean  Buckland,  and  also  that  of  Gailenreuth  in  Franconia.  That  these 
caves  were  dens  in  which  the  Hya;nas  dwelt  is  evident  from  the  marks 
of  their  teeth  on  the  bones  of  other  animals  dragged  in  by  them  for 
food,  as  well  as  by  other  unmistakable  evidence. 

Family  Felid^.— The  Felidce,  in  which  the  NimravidcR  oi  Pro- 
fessor Cope  are  included,  are  the  most  specialised  representatives  of 
the  entire  order ;  this  being  especially  shown  in  the  existing  forms 
by  the  shortness  of  the  skull,  in  which  there  is  no  alisphenoidal 

1  In  a  skull  of  the  Spotted  Hyrcna  in  the  College  of  Surgeons  there  is  a  second 
lower  true  molar  on  one  side. 
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cana  ,  the  reduction  in  the  number  of  the  cheek-teeth,  the  great 
development  of  the  canines  and  carnassials,  and  the  digitigrade  feet 
with  their  strongly  curved  and  generally  perfectly  retractile  claws' 
protected  by  complete  bony  sheaths.  The  auditory  bulla  is  greatly 
inflated,  and  completely  divided  by  a  vertical  bony  septum  The 
dental  characters  common  to  the  entire  family  are  the  strong  develop- 
ment of  the  canines,  the  presence  of  not  more  than  one  upper 
and  two  lower  true  molars,  and  the  circumstance  that  the  three 
lower  incisors  are  placed  in  the  same  horizontal  line.  With  one 
exception  all  the  known  forms  have  an  entepicondylar  foramen  to 


Fig.  1328.— Oblique  lateral  view  of  the  cranium  o<:  Hymia  crocuia;  from  the  German  Cave 

Reduced.    (After  Owen.) 


the  humerus.  This  family  was  probably  derived  from  the  ancestors 
of  the  modern  ViverridcB,  the  view  taken  by  Dr  Schlosser  that  the 
true  FeItd(B  are  directly  descended  from  the  Creodonts  being  very 
improbable.  The  earlier  forms,  constituting  the  Nimravidce.  of 
Professor  Cope,  present  generalised  features  which  are  lost  in  the 
true  Cats. 

Here  may  be  mentioned  the  remarkable  genus  Procelm'us  from 
the  Lower  Miocene  and  Upper  Eocene  of  France,  which  includes 
small  Carnivores  of  generalised  affinities,  which  have  been  placed 
by  Professor  Cope  in  the  true  Felidce.  and  by  Dr  Schlosser  in  the 
Miistelidce.  The  skull  agrees  with  that  of  Cryptoprocta  in  the 
possession  of  an  alisphenoidal  canal,  and  the  teeth  also  present 
resemblances  to  those  of  that  genus,  the  formula  of  the  cheek-teeth 

being  Pm.  %  M.  -.     The  femur  has  a  third  trochanter,  and  the 
4  2 

phalangeals,  according  to  Messrs  Scott  and  Osborn,  resemble  those 
of  Dinictis.  This  genus  also  shows  signs  of  affinity  with  Pahzopri- 
07iodo7i  and  Pseiidceluriis. 

Dinictis  is  a  somewhat  larger  but  likewise  very  generalised  form, 
from  the  Miocene  of  the  United  States,  which  was  at  one  time 
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classed  by  Dt  Scott  with  Cryptoprocta  in  a  separate  family,  but  is 
novv  placed  by  him  in  the  Nimravidce.  The  formula  of  the  cheek- 
teeth is  Pm.  ^,M.-;  the  upper  carnassial  has  no  anterior  lobe ; 
the  alisphenoid  canal  is  retained  ;  the  femur  has  a  third  trochanter  ; 
the  astragalus  is  flattened  and  articulates  with  the  cuboid ;  and  the 
terminal  phalangeals,  although  retractile,  are  not  protected  by  bony 
sheaths  Generalised  features  are  also  displayed  m  the  base  of  the 
skull ;  and  the  bones  of  the  skeleton  approximate  to  those  of  Cyno- 
didis  and  other  primitive  types.  ,   •,  j  • 

Of  the  other  generalised  forms  which  may  perhaps  be  mcluded  m 
this  family  we  may  mention  yEluropsis  of  the  Pliocene  of  the  Siwalik 
Hills,  and  Pseudalunis  typically  from  the  Middle  Miocene,  but  re- 
corded by  Dr  Filhol  from  the  Upper  Eocene  Phosphorites  of  France. 
Mluropsis  is  very  imperfectly  known,  but  its  mandible  seems  to 
approach  that  of  the  Machferodonts.  Dr  Schlosser  would  include  m 
this  genus  some  of  the  forms  from  the  French  Phosphorites  referred 


3  4 


Fig.  1329.— Left  lateral  aspect  of  the  skull  and  anterior  cer\-ical  vertebra;  oi  Nimravus  gom- 
phodiis;  from  the  Miocene  of  North  America.  Two-fifths  natural  size.  3,  4,  Premolars;  i,  2, 
True  molars.    (After  Cope.) 

by  Dr  Filhol  to  Frocehtrus,  and  would  change  the  name  to  Haplo- 
gale,  and  place  it  in  the  Mustelida.  The  typical  Pseudalurus  has 
three  lower  premolars,  and  no  inner  cusp  to  the  lower  carnassial; 
but  in  P.  intermedins,  which  Dr  Schlosser  makes  the  type  of  the 
genus  Stenogale,  there  were  four  lower  premolars  in  some  instances, 
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and  the  lower  carnassial  retained  a  small  inner  cusp.  Turning  to  the 
consideration  of  fossil  forms  which  may  undoubtedly  be  included  in 
the  present  fauMly  in  the  sense  in  which  it  is  heL  emp  oyed  .  " 
find  that  they  have  a  larger  number  of  teeth  than  exisdng  fon^is 
and  many  or  all  of  them  retain  the  alisphenoidal  canal.  Of  these 
Aihrrictis  {^lurogale)  is  typically  represented  by  a  large  snecies 
m  the  Quercy  Phosphorites  of  Francefand  has  also  been  recorded 
from  the  Pliocene  of  India.    The  formula  of  the  cheek-teeth  is 

(^)'  ^-  ^  is  not  improbable  that  this  genus  may 

prove  inseparable  from  Nimravus  (fig.  1329),  in  which  the  number 
ot  lower  premolars  is  reduced  to  two.    Other  allied  genera  from  the 

^-  M  ' 
4)'  2 

Pogonodon  (fig.  1330),  with  Pm.      M.  ^ 
M.  '-. 

2      '  I 


North  American  Miocene  are  Archcehmis,  with  Pm 

3  I 

Pm.  ' — M. 


(3-4)' 

and  Hoplophoneus^  with 
In  addition  to  the  generally  large  number  of 
premolars,  and  the  presence  of  a  second  lower  true  molar,  this  group 


Fig.  1330.— The  right  lateral  aspect  of  o{  Pogonodon  i>latycofiis;  from  the  Miocene 

of  North  America.  About  two-fifths  natural  size.  2,  3,  4,  Premolars ;  i,  True  molar ;  PG, 
Postglenoid  process.    (After  Cope.) 


exhibits  the  Viverroid  feature  of  a  talon,  and  sometimes  an  inner 
cusp  {Hoplophoneus),  to  the  lower  carnassial,  and  the  general  absence 
of  the  first  lobe  in  the  corresponding  upper  tooth  (fig.  1329).  In 
several  of  the  genera  the  front  of  the  mandibular  symphysis  is  angu- 
lated  and  furnished  with  a  descending  flange,  as  in  fig.  1330.  In 
Hoplophofieus,  of  which  the  entire  skeleton  has  been  described  by 
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Messrs  Scott  and  Osborn,  the  hallux  was  well  developed,  there  is  a 
distinct  line  in  the  scapholunar  indicating  the  boundaries  of  the 
scaphoid  and  lunar,  and  the  femur  has  a  third  trochanter;  the  two 
last-named  features  being  regarded  by  the  above-mentioned  author- 
ities as  inherited  from  a  Creodont  ancestor. 

Turning  to  the  true  Cats  we  have,  among  existing  forms,  the 
Hunting-Leopard  of  India,  forming  the  genus  Cyncelurus,  which  is 
distinguished  by  its  non-retractile  claws :  it  may  be  represented 
in  the  Pliocene  of  India.  All  the  other  "Cats"  may  be  included 
in  the  genus  Felis,  although  some  writers  have  proposed  to  split 
it  up  into  several  genera.  This  genus  is  spread  over  the  temperate 
and  tropical  regions  of  the  greater  part  of  the  globe.  Although 
there  are  five  digits  in  the  manus,  the  hallux  of  the  pes  is  reduced 
to  a  rudiment  of  its  metatarsal;  the  scapholunar  has  lost  all 
trace  of  its  primitive  duality;  and  the  third  trochanter  has  like- 
wise disappeared  from  the  femur.    The  dental  formula  is  usually 

/.  ^,  C.     Pm.  ^,  M.-;  but  in  some  instances  there  are  only  two 

3'       i'        2  I 
upper  premolars,  and  occasionally  there  are  three  lower  premolars  as 
an  abnormality.     The  upper  carnassial  {p^,  fig.  1331)  has  three 


Fig.  1331. — Left  lateral  view  of  the  dentition  of  the  Lion  (^Felis  leo).  Reduced.  z3,  3d  In- 
cisor; c,  Canines;  p^-^,  2d,  3d,  and  4th  upper  premolars;  True  molars;  /l,  p^,  3d  and  4th 
lower  premolars. 


lobes  and  a  small  inner  tubercle;  while  the  corresponding  lower 
tooth  {ibid.,  m)  has  no  inner  cusp  or  hind  talon,  although  the  latter 
is  represented  by  a  minute  tubercle  in  the  Lynxes.  In  Europe  this 
genus  makes  its  first  appearance  in  the  Middle  Miocene  of  France, 
and  in  North  America  in  the  Upper  Miocene  or  Lower  Pliocene 
Loup-Fork  beds. 

In  the  Pleistocene  of  Europe  we  meet  with  remains  which  cannot  be 
distinguished  specifically  from  the  existing  Lion,  although  the  fossil  form 
has  been  named  F.  spelcEci.    Remains  of  the  Leopard  {F.  pardics)  also 
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Dosk.  nf  r  i  ^""^'"^"^'-^l  cave-deposits  ;  while  in  the  corresponding  de- 

twl  5  ^  '"c  T^^'         ^^'^  P^''^'"^  Lynx  {F.pardind)  ■  and  in 

£rl/X^  T^t^       ^"f  l'^^^,'"'  J^^"^^       ''''^^)        Ocelot  {F. 

pardahs),  which  now  inhabit  the  same  regions.   In  the  Pliocene  Siwal  ks 


Fig.  1332.— Left  lateral  view  of  cranium  (a),  and  larger  view  of  an  upper  canine  (u)  of 
Machcerodus  megantherevm  ;  from  the  Upper  Pliocene  of  France.  Reduced. 

of  India  we  meet  with  the  huge  F.  cristata,  which  shows  characters 
connecting  it  both  with  the  Tiger  and  the  Jaguar  ;  and  also  smaller  forms, 
one  of  which  appears  to  have  been  closely  allied  to  the  existing  F.  bejiga- 
lensis.    In  the  PHocene  of  North  America  large  Cats  were  represented 


pm.  3  pin.  4  m.\ 


Fig.  1333. — Outer  view  of  the  left  ramus  of  the  mandible  of  Machtrrodus  sivalensis  ; 
from  the  Pliocene  of  India.    One-third  natural  size. 


by  F.  mtgnsta  and  F.  atrox.  In  Europe,  again,  numerous  species  occur 
in  the  Pikermi  beds  of  Greece  ;  and  we  may  also  mention  the  compara- 
tively small  F.  arvernensis  and  F.  issiodore?tsis,  of  the  French  Pliocene, 
one  of  which  probably  also  occurred  in  the  cori'esponding  deposits  of 
Persia. 

The  most  remarkable  of  the  true  Cats  are,  however,  the  extinct 
Machserodonts  or  Sabre-toothed  Tigers,  which  are  characterised  by 
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the  enormous  development  of  the  upper  canines  of  the  males,  by 
the  presence  of  a  deep  descending  flange  in  the  mandibular  sym- 
physis for  the  protection  of  the  latter,  and  the  angulation  of  the 
anterior  extremity  of  this  symphysis  ;  the  structure  of  the  carnassial 
teeth  being  usually  of  the  type  of  those  of  the  existing  Cats.  In 
the  type  genus  Machcerodus  (fig.  1332),  which  may  be  taken  to  in- 
clude Smilodon,  Drepanodoti,  and  Trucifelis,  there  are  three  incisors 
in  each  jaw ;  the  premolars  in  the  upper  jaw  never  exceed  two,  and 
there  may  be  either  two  or  only  one  of 
these  teeth  in  the  lower  jaw;  the  latter 
variation  occurring  in  different  individuals 
of  a  single  species.  The  upper  carnassial 
(fig.  1334)  is  usually  like  that  of  Felis ; 
but  in  the  South  American  M.  neogcBus 
(fig.  1335)  it  has  four  distinct  lobes,  and 
is  thus  the  most  complex  example  of 
this  type  of  tooth  that  is  known.  This 
genus  ranges  in  time  from  the  Quercy 
Phosphorites  to  the  Pleistocene,  and  is 
found  in  America,  Europe,  Persia,  and 
India.  The  South  American  M.  necator 
stands  alone  among  the  Felida.  in  having 
no  foramen  to  the  humerus.  The  last  genus  of  the 
is  the  curious  Eusmilus,  of  the  Quercy  Phosphorites,  in 
there  are  only  two  incisors  and 
one  premolar  in  the  mandible, 
and  the  descending  flange  of  the 
symphysis  of  the  latter  is  of  enor- 
mous depth.  The  existence  of 
this  extremely  specialised  form 
at  such  an  early  epoch  is  note- 
worthy ;  not  less  so  being  the 
total  extinction  of  the  Machsero- 
donts,  which,  it  has  been  suggested, 
may  be  due  to  their  excessive  spe- 
cialisation having  rendered  them 
incapable  of  obtaining  their  sub- 
sistence. 

Suborder  3.  Creodonta.  — 
The  members  of  the  suborder 
Creodonta  (or  Carnivora  Primi- 
genia)  are  all  extinct,  and  their 
serial  position  has  led  to  much  discussion.  By  some  authorities 
they  have  been  classed  with  the  Polyprotodont  Marsupials ;  from 
which,  however,  they  differ  by  the  presence  of  a  complete  milk-den- 


Fig.  1334.— Oral  aspect  of  the 
left  upper  carnassial  and  true 
molar  of  MachcErodus  sivalen- 
sis  ;  from  the  PHocene  of  India. 


family 
which 


F'g-  1335- — Right  lateral  view  of  the  skulf 
of  Macliivrodus  neogceus ;  from  the  Pleisto- 
cene of  South  America.    Greatly  reduced. 
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tition,  by  the  reduced  number  of  incisors,  and  the  absence  of  the 
inflection  of  the  angle  of  the  mandible,  and  of  palatal  vacuities 
By  others  they  have  been  regarded  as  closely  allied  to  certain  fami- 
lies of  the  Insectivora,  and,  together  with  the  latter,  are  classed  as  a 
section  of  a  large  and  ill-defined  order  termed  the  Bunotheria  • 
while  a  third  writer  ranks  them  as  an  order  of  equal  value  with  the 
existing  Insectivora  and  Carnivora.  Their  relationship  appears 
however,  on  the  whole,  to  be  decidedly  nearest  to  the  true  Carni- 
vora, and  they  are  accordingly  here  classed  as  a  division  of  that 
order.  They  undoubtedly,  however,  exhibit  affinities  to  the  Insect- 
ivora, from  which  they  are  distinguished  by  the  Carnivorous  type  of 
their  incisors  and  canines ;  while  the  remarkable  resemblance  ex- 
isting between  their  cheek-teeth  and  those  of  the  Polyprotodont 
Marsupials  is  probably  indicative  of  a  distinct  genetic  relationship 
with  that  group.  Mention  has  already  been  made  of  their  resem- 
blances to  the  Condylarthrous  Ungulates. 

The  following  are  the  chief  characters  of  this  suborder:  The 
brain  is  of  relatively  small  size ;  the  fourth  upper  premolar  and  the 
first  lower  true  molar  are  not  differentiated  as  an  opposed  pair  of 
carnassials,  but  resemble  more  or  less  closely  the  tooth  immediately 
behind  or  in  front  of  them,  which  is  either  conical  or  of  a  more  or 
less  secant  type ;  and  the  upper  true  molars  are  either  subtriangular 
or  simply  secant.  The  tibial  face  of  the  astragalus  is,  moreover, 
generally  devoid  of  a  groove ;  the  scaphoid  and  lunar  are  usually 
separate ;  the  femur  has  a  third  trochanter ;  and  the  feet  were  plan- 
tigrade. In  all  cases  where  there  is  the  full  number  of  incisors,  the 
second  pair  in  the  lower  jaw  is  thrust  up  above  the  other  two,  as  in 
so  many  of  the  Carnivora  Vera.  The  structure  of  the  cranium  ap- 
proximates to  that  of  Amphicyon. 

Family  Hy^nodontid^. — This  family  includes  the  most  special- 
ised forms.  The  dentition  (fig.  1336)  is  of  a  markedly  sectorial 
type,  the  inner  tubercle  of  the  hinder  upper  cheek-teeth  being  very 
small ;  and  there  is  no  inner  cusp  to  the  lower  true  molars.  In 
the  type  genus  the  scaphoid  and  lunar  of  the  carpus  were  united. 

Hyanodon  has  the  dental  formula  I.       C.  -,  Pm.      M.-  ;  the 

31  4  3 

inner  tubercle  of  the  two  upper  true  molars  is  almost  wanting,  and 
the  third  lower  true  molar  differs  from  the  two  teeth  in  front  (fig. 
1336),  and  somewhat  resembles  the  carnassial  of  Felis.  This  genus 
includes  species  varying  in  size  from  a  Leopard  {IT.  horridus)  to  a 
small  Fox  {H.  vulpinus),  and  is  widely  distributed  both  in  time  and 
space.  Thus  it  is  found  in  Europe,  and  also  in  North  America, 
where  it  ranges  from  the  Upper  Eocene  to  the  Lower  Miocene ; 
while  in  India  it  survived  into  the  Pliocene.  One  species  has  been 
found  in  the  Upper  Eocene  of  Hampshire.    The  species  from  the 
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Upper  Miocene  of  North  America  is  remarkable  as  being  the  only 
known  Mammal,  except  certain  Edentates  and  Cetaceans,  in  which 
the  pterygoids  unite  beneath  the  nasal  passage.  One  of  the  Euro- 
pean forms  was  originally  described  as  Taxotherium.  In  the  allied 
Pterodon,  which,  together  with  Oxhycena,  some  writers  refer  to  a 
distinct  family,  the  third  upper  true  molar  is  present,  and  has  a 


Fie  -Right  lateral  aspect  of  the  dentition  of  HyiEnodon  horridus,  wanting  the  teeth  in 
advance  of  the  second  lower  premolar ;  from  the  Miocene  of  North  America.  Reduced.  (After 
Leidy.) 

transversely  elongated  crown;  there  may  be  either  two  or  three 
upper  incisors,  and  the  first  lower  premolar  is  sometimes  absent. 
The  first  and  second  upper  true  molars  differ  from  those  of 
Hyanodon  by  the  large  size  of  their  inner  tubercle,  and  the  last 
true  molar  is  like  the  second ;  the  cranium  in  many  respects 
resembles  that  of  Amphicyon.     This  genus  is  represented  by 


^■  3 


Fig.  1337- 


-The  left  side  of  the  anterior  half  of  the  palate  of  O xhycena  gallice  : 
from  the  French  Phosphorites. 


three  comparatively  large  species  from  the  Upper  Eocene  (Lower 
OHgocene)  of  Europe.  An  allied  form,  from  the  French  Phos- 
phorites, has  been  named  Pseudopterodon,  and  connects  the  former 
genus  with  Theiiritheriuvi.  The  remarkable  genus  Oxhycena,  of  the 
North  American  Eocene  and  the  French  Phosphorites,  has  an  elon- 

(2-3) 

gated  mandibular  symphysis,  with  the  dental  formula  /.  , 

C.  -,  Pm.      M.  ^  ;  the  species  figured  in  the  woodcut  having  only 
I  42 
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two  upper  mcisors.   Protopsalis  is  another  Eocene  American  genus  • 
^\^^\^Hejmpsalodon,  from  the  White  River  Miocene  of  CanadaTthe 
largest  form  yet  known  in  the  suborder,  and  has  the  full  typica 
Eutherian  dentition.  "-ypicai 

Family  PROvivERRm^.—The  members  of  this  family  (fig  i  ,,8^ 
are  characterised  by  the  large  size  of  the  inner  tubercle  of  the  upper 


true  molars,  and  by  the  presence  of  an  inner  cusp  to  the  blade  of 
those  of  the  lower  jaw.  The  type  genus  Proviverra  {Cynohycenodoji 
or  StypQlophus)  occurs  in  the  Upper  Eocene  of  both  Europe  and 
North  America ;  one  of  the  European  forms  being  from  the  Quercy 
Phosphorites.    The  skull  (fig.  1338)  is  elongated,  and  the  lower  true 
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molars  which  are  differentiated  into  a  blade  and  a  hinder  tuber- 
cular talon,  closely  resemble  the  lower  carnassial  of  Dasyurus  (fig. 

among  the  Marsupials,  and  of  Cynodidis  and  Viverra  m  the 
Carnivora  Vera,  and  thus  indicate  how  the  latter  group  has  m  all 
probability  been  derived  from  a  form  allied  to  the  present  family ; 
the  hinder  lower  molars  of  the  Carnivora  Vera  having  become 
tubercular  and  non-secant.  Other  members  of  this  family  found 
in  the  Lower  or  Puerco,  Eocene  of  North  America  are  Deltathertum, 
Chriacus,  and,  according  to  Professor  Cope,  Mioclcenus,  and  prob- 
ably Triisodon  and  Onychodectes.  Didelphodus,  from  the  higher 
Eocene  of  America,  may  also  be  placed  here,  as  well  as  Quercy- 
therium,  from  the  French  Phosphorites,  and  perhaps  Galethylax,  of 
the  Paris  Eocene.  Conoryctes  and  Hemiganus  are  allied  Puerco 
types  •  the  latter  being  distinguished  by  the  fusion  of  the  roots  of 
the  upper  true  molars,  and  hence  regarded  by  Professor  Cope  as  the 
type  of  a  distinct  family  showing  signs  of  affinity  with  the  Tillodontia. 

Family  Arctocyonid^.— This  family  is  typified  by  the  genus  • 
Ardocyon,  of  the  Lower  Eocene  of  France,  with  which  may  be 
classed  Hyodedes  and  Heteroborus,  of  the  Lower  Eocene  of  Rheims. 
Dr  Schlosser  suggests  that  Miodanus  should  come  in  this  family. 

Family  Mesonychid^.— The  members  of  this  family  are  short- 
jawed  forms,  usually  having  the  typical  number  of  teeth,  which  are 
less  different  than  in  the  other  families  from  those  of  the  Carnivora 
Vera.  The  type  genus  Mesonyx,  from  the  North  American  Eocene, 
has  a  grooved  astragalus ;  and  other  genera  which  are  referred  to 
this  family  are  Dissacus,  Sarcothraustes,  and  Fatriofelis,  from  the 
latter  area,  and  not  improbably  Theiiritherium,  of  the  French 
Phosphorites.  Dissacus  has,  however,  no  trochlea  to  the  astragalus, 
and  is  therefore  nearer  to  the  Proviverridce.  Amblydonus,  of  the 
North  American  Eocene,  is  an  aUied  form  with  the  astragalus  not 
grooved,  on  which  account  it  has  been  regarded  as  the  type  of  a 
distinct  family.  Palceonidis,  of  the  Lower  Eocene  of  France,  may 
be  allied. 

Family  Uncertain. — A  few  genera  cannot  at  present  be  defi- 
nitely placed.  These  comprise  Thylacomorphus,  from  the  French 
Phosphorites,  which  it  has  been  suggested  may  be  identical  with 
Froviverra ;  and  Dasyurodon,  or  Apierodo7i,  from  the  Lower  Mio- 
cene (Middle  Oligocene)  of  Flonheim,  which  Dr  Schlosser  thinks 
may  turn  out  to  be  the  same  as  Oxhycena  gallice.  Dromocyoti,  of 
the  Bridger  Eocene,  is  not  improbably  founded  upon  a  very  old  in- 
dividual of  Mesonyx ;  while  the  imperfectly  known  Argillotherium, 
from  the  London  Clay,  may  prove  to  be  identical  with  one  of  the 
American  genera.  Finally,  it  should  be  mentioned  that  Dr  Schlosser 
would  place  in  this  suborder  the  genus  Flatycharop,  which  is  here 
classed  with  the  Tillodontia. 
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CHAPTER  LXIII. 

CLASS  MAMMALIA— continued. 

Orders  Insectivora,  Chiroptera,  and  Primates. 

Order  IX.  Insectivora. -The  Insectivora  are  a  group  of  small 
Mammals,  not  very  readily  defined  from  the  characters  of  their  bones 
and  teeth.    The  teeth  are  well  developed,  and  generally  easily 
separable  into  the  usual  four  divisions,  although  in  certain  cases  the 
distmction  between  incisors,  canines,  and  premolars  is  not  very 
clear.    The  dentition  is  diphyodont  and  heterodont;  the  cheek- 
teeth are  always  rooted,  and  their  crowns  carry  a  number  of  minute 
pointed  cusps ;  the  crowns  of  the  upper  true  molars  being  either 
subquadrangular  or  triangular  in  shape.    The  first  pair  of  incisors 
in  some  cases  are  not  in  contact  in  the  middle  line  ;  and  the  canines 
are  often  weak.    The  zygomatic  arches  of  the  skull  are  usually  either 
weak  or  entirely  absent;  clavicles  are  present  in  all  existing  forms 
except  Potamogale ;  in  the  carpus  the  scaphoid  and  lunar  are 
separate;  the  feet  are  usually  either  entirely  or  partially  planti- 
grade, and  their  digits  are  generally  five  in  number,  with  the  ter- 
minal phalangeals  unguiculate,  narrow,  and  subcylindrical.  Certain 
Insectivores,  such  as  the  Moles  and  Galeopithecus,  are  remarkable 
as  being  the  only  Mammals  in  which  ossified  vertebral  intercentra 
are  known  to  have  been  developed  in  the  dorso-Iumbar  region.  As 
a  rule  the  humerus  has  a  foramen. 

Fossil  forms  apparently  indicate  a  relationship  on  the  one  hand 
with  the  Creodont  Carnivora,  and  on  the  other  with  the  Lemuroid 
Primates ;  those  genera  with  square-crowned  upper  true  molars  ap- 
proximating to  the  latter  group,  while  those  in  which  the  crowns  of 
these  teeth  are  triangular  show  the  nearest  affinity  to  the  former. 
Dr  Schlosser  concludes,  with  great  probability,  that  the  Lemuroids, 
Insectivores,  and  Creodonts  are  all  diverging  branches  from  a 
common  stock,  which  may  also  have  given  origin  to  the  Condy- 
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larthrous  Ungulates.  The  resemblance  of  the  molars  of  Tt^paia  to 
those  of  the  Marsupial  genus  Perameles,  and  that  between  the  sanie 
eeth  in  the  Creodonts' and  the  Dasyurid.,  further  suggests  the 
connection  of  this  common  stock  with  the  '■'^^^''''^^'^^^if^^^ 
Polyprotodont  Marsupials.^  The  Insectivores  agree  with  the  Lemur- 
oids  not  only  in  dental  characters,  but  also  '"/he  presence  of 
clavicles,  in  their  plantigrade  feet,  and  the  discoidal  placenta;  and 
it  is  indeed  quite  evident  that  the  ancestral  stock  of  the  Primates 
must  have  been  provided  with  complete  clavicles. 

This  order  may  be  divided  into  the  suborders  Insectivora  Vera 
and  Dermoptera.  The  former  may  be  further  subdivided  into  two 
sections,  in  the  first  of  which  the  molars  have  broad  and  squared 
crowns,  with  their  cusps  frequently  arranged  like  the  letter  W,  while 
in  the  second  section  the  crowns  of  these  teeth  are  narrow  and 
V-shaped,  with  the  apex  of  the  V  directed  inwardly  (tritubercular). 
The  Dermoptera,  represented  only  by  the  volant  genus  Galeopi- 
thecus,  are  unknown  in  a  fossil  condition.  It  should,  however,  be 
observed  that  this  genus,  although  not  on  the  direct  hne  of  descent, 
indicates  the  manner  in  which  the  Insectivores  have  become  modi- 
fied into  the  Bats.  The  first  section  of  the  Insectivora  Vera 
comprises  the  existing  Tupaiida,  Macroscelididcz,  Erittaceidce,  So- 
ricidce,  and  Talpidce,  together  with  the  extinct  Microchoirida  and 
Dimylidce. 

Family  Tupaiid^. — The  Tupaias  are  small  arboreal  Insectivores 
confined  at  the  present  day  to  the  Indo-Malayan  region.  The 
genus  Parasorex,  from  the  Middle  Miocene  of  the  Continent,  has 

the  dental  formula  /.  ^,  C.  ^,  Pm.  ^,  M.  ^,  and  may  be  provision- 

3143 
ally  placed  in  this  family,  although,  according  to  Dr  Schlosser,  it 
approximates  in  several  respects  to  the  Macroscelidida.  There  is 
one  more  upper  incisor  and  one  more  premolar  in  each  jaw  than  in 
Tupaia,  and  the  last  two  premolars  are  somewhat  more  complex. 
The  above-mentioned  writer  regards  this  genus  as  the  representative 
of  a  group  connecting  the  Tupaiida  of  Asia  with  the  Macroscelididce 
of  Africa.  An  Insectivore  from  the  Middle  Miocene  of  Sansan, 
described  as  Lantanotheriim,  is  said  to  be  very  nearly  aUied  to 
Tupaia. 

Family  Erinaceid^. — Since  the  Macroscelididce  are  at  present 
unknown  in  a  fossil  state,  we  may  pass  to  the  Erinaceidce  or  Hedge- 
hogs.   In  the  typical  genus  Erinaceus  (fig.  1339)  the  dental  formula 

is  I.      C.  ^,  Pm.      M.^  ;  the  first  pair  of  upper  incisors  are  large, 
21  23 

1  On  embryological  grounds  some  authorities  are  disposed  to  regard  the  Mar- 
supials as  being  off  the  line  of  Eutherian  ancestry  ;  but  it  must  be  borne  in  mind 
that  the  evidence  only  includes  existing  types. 
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Fig.  I33g.-Left  lateral  view  of  the  skull  of  the  Hedgehog  {Erinaceus  europ^us). 

land,  and  others  are  found  in  the  Middle  Miocene  of  France.  In 
the  Lower  Miocene  of  the  same  country  occurs  the  genus  Palaoeri- 
nacetis,  distinguished  from  Ermaceiis  by  the  absence  of  vacuities  in 
the  palate,  and  the  greater  relative  width  of  the  latter.  An  appar- 
ently allied  form  from  the  French  Miocene  has  been  described  by 
Gervais  under  the  name  of  Erinaceus  arvertiensis,  which  is,  how- 
ever, not  the  same  as  E.  arvertiensis  of  De  Blainville.  From  the 
Quercy  Phosphorites  there  have  been  obtained  remains  of  other 
members  of  this  family  more  nearly  allied  to  the  existing  Gymnura 
of  Madagascar,  but  presenting  characters  which  also  link  them  very 
closely  with  Erinaceus  through  Palceoerinaceus.  These  Quercy 
forms  have  been,  referred  to  three  genera  under  the  names  of 
Neurogytnnuriis,  Cayluxotherium,  and  Comphotheriiivi,  but  it  ap- 
pears probable  that  the  second  is  a  synonym  of  the  first.  The 

teeth  of  Neurogyinnurus  and 
"^"afi^^l^^^Vs^  Caybixotheriutn  are  like  those 


"Ss    eus ;  Comphotherium  is  dis- 
tinguished  by  a  cingulum  to 
Fig.  1340.— Palatal  view  of  the  right  upper  cheek-   the  lower  true  molars,  which 

dentition  of  ^>^«aceai;  from  the  Upper  . 


been  recorded  from  the  Upper  Eocene  of  Hampshire. 

Family  Microchcerid.e. — The  genus  Microchcerus  (fig.  1340), 
from  the  Upper  Eocene  of  Hordwell,  with  which  Ileterohyus,  of 
the  corresponding  beds  of  France,  may  be  identical,  agrees  with 
Erinaceus  in  showing  an  interval  between  the  first  upper  incisors  of 
either  side,  and  may  be  provisionally  placed  in  this  order.    It  has 


of  Gymnura,  but  the  palate 
has  vacuities  as  in  Erinac- 


Eocene  of  Hordwell. 


also  occurs  in  Gymnura. 
Neurogymnurus    has  also 
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been  regarded  as  allied  to  the  Lemuroid  but  Professor 

Osbom  states  that  it  is  really  very  different.    The  dental  formula 


may  be  given  approximately  as  I.  |,  C.  \  Pm.  \  M.  |  The  two 
upper  incisors  have  compressed  crowns,  somewhat  like  those  of  the 
two  succeeding  teeth ;  but  the  last  two  premolars  and  the  true  molars 
have  broad  and  flat  crowns,  carrying  a  number  of  small  cusps 

Family  Dimylid^e.— This  family  is  proposed  by  Dr  Schlosser 
for  the  genera  Dimylus  and  Cordylodon ;  two  minute  Insectivores 
from  the  European  Miocene  which  appear  to  be  related  to  the 
Erinaceida. 

Family  Soricid^.— The  SoricidcB,  or  Shrews,  are  readily  charac- 
terised by  their  dentition,  in  which  the  first  upper  incisor  is  large 
and  furnished  with  a  basal  tubercle,  while  between  it  and  the  last 
premolar  there  are  a  variable  number  of  small  incisors  and  premo- 
lars, together  with  the  equally  minute  canine.  In  the  mandible  the 
number  of  teeth  is  always  I.  i,  C.  i,  Pm.  i,  M.  ^  ;  the  incisor  bemg 
proclivous  and  much  produced  forwards,  and  the  canine  the  smallest 
tooth  of  the  series.  Existing  species  of  Sorex,  and  perhaps  of  Crosso- 
pis,  occur  in  the  Norfolk  Forest-bed,  while  a  species  of  the  former 
genus,  regarded  as  extinct,  has  been  recorded  from  the  Pleistocene 
breccias  of  Sardinia.  Existing  species  of  Sorex  or  Crocidura  also 
occur  in  the  caverns  of  Madras.  Numerous  forms  have  been  re- 
corded from  the  Continental  Tertiaries,  ranging  from  the  Miocene 
to  the  Quercy  Phosphorites,  some  of  which  are  referred  to  Sorex, 
while  others,  such  as  the  Quercy  species,  have  been  regarded  as 
generically  distinct,  and  named  Amphisorex.  Dr  Schlosser  thinks 
that  Orthaspidotherium  and  Pleuraspidotherium,  mentioned  on  p. 
1288,  might  be  placed  here. 

Family  Talpidve. — The  Talpidce,  or  Moles  and  Desmans,  are 
closely  aUied  to  the  Soricidce,  although  easily  distinguished  by  the 
non-production  of  the  first  lower  incisor ;  they  are  usually  of  fos- 
sorial,  but  in  some  cases  are  of  natatorial  habits.  This  family  is 
divided  into  the  Myogalina  and  the  Talpina ;  in  the  former  the 
humerus  and  clavicle  being  moderately  elongated.  In  this  sub- 
family the  aquatic  type  genus  Myogale,  in  which  the  dentition  (fig. 

1^41)  is  /      C.  ^,  Pm.       M.  -,  is  represented  in  the  Norfolk 
^    ^3143'  .  c 

Forest-bed  by  the  existing  Desman  {M.  moschata),  of  the  rivers  of 
Russia ;  the  fossil  form  having  been  originally  described  under  the 
name  of  Palaospalax.  Remains  of  this  genus  have  also  been  ob- 
tained from  the  Middle  and  Lower  Miocene  of  France.  Tetraais, 
from  the  Lower  Miocene  of  Ronzon,  near  Puy-en-Velay,  is  a  small 
Insectivore  apparently  presenting  afiinities  both  with  Myogale  and 
Erinaceus  ;  and  allied  to  this  genus  are  two  other  imperfectly  known 
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Fig.  1341.— .Palatal  view  of  right  upper  and  lower 
dentition  of  Myogak  moschata.  Europe. 


Cs  the  "-^^  "PP""^-    These  genera,  and  per- 

i  '°  indications  of  a  transition 

\Z  the  existing  members  of  the  Erinaceida,  Soricidc.,  Zt¥al. 
J>tdce;  and  thus,  together  with  the  imperfect  nature  of  the  remains 

by  which  they  are  known, 
render  the  determination  of 
their  serial  position  a  matter 
of  great  difficulty.  The 
French  Lower  Miocene  has 
also  yielded  the  allied  genus 
Pksiosorex  {?ig.  1342),  which 
appears  to  have  belonged  to 
the  present  subfamily,  but 
is  only  known  by  the  man- 
dible, in  which  there  are  ten 
teeth.  The  smaller  Amj>hi- 
dozotherium,  from  the  Quercy 
Phosphorites,  is  said  to  be 
allied  to  the  existing  fossorial 
genus  Urotrtchus  of  Japan  and  North  America.  In  the  second 
subfamily,  or  Talphice,  in  which  the  humerus  and  clavicle  are  of 
enormous  relative  breadth,  the  typical  genus  Talpa  (fig.  1343)  has 
the  same  dental  formula  as  in  Myogak.  The  common  Mole,  T. 
europaa,  occurs  fossil  in  the  Norfolk  Forest-bed,  while  a  species 
from  the  Pleistocene  breccia  of  Sardinia  is  regarded  as  peculiar, 

and  named  T.  tyrrhefiaka. 
The  genus  itself  is  apparently 
as  old  as  the  Lower  Miocene, 
although  the  species  {T.  tellu- 
ris)  from  the  middle  stage  of 
that  period  has  been  distin- 
guished by  some  writers  as 
Byporyssus,  and  the  one  from 
the  lower  stage  {T.  aaitidens) 
as  Geotrypus?-  The  Quercy 
Phosphorites  have  yielded  a 
very  closely  allied  form,  which 
is,  however,  regarded  by  its  describer  as  generically  distinct,  and 
named  Protalpa  cadurce7isis.  From  the  Eocene  of  North  America 
an  allied  genus  has  been  described  under  the  name  of  Talpavus; 
but  the  so-called  Herpetotherium,  of  the  Miocene  of  the  same 
country,  which  has  been  regarded  as  related  to  the  Moles,  is 
referred  to  Didelphys  (fig.  1151,  p.  1281). 

^  Preoccupied  by  Geotnipes  in  the  Coleoptera. 


Fig.  1342.— Left  ramus  of  lower  jaw  of  Plesio- 
sorex  soriciiwides,  wanting  the  last  true  molar 
and  the  teeth  between  the  first  incisor  and  the 
fourth  premolar ;  from  the  Lower  Miocene  of  the 
Auvergne.  Twice  natural  size.  (After  De  Blain- 
viUe.) 
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Fie.  1343.— Lateral  view  of  right  dentition  of  the 
Mole  {Talpa  mropaa).  Enlarged. 


Family  Adiposoricid^.— This  family  contains  the  niinute  Adifo- 
sorex  and  Adiposoriculus,  from  the  Lowest  Eocene  of  R^eims  which 
Dr  Schlosser  regards  as  related  to  the  Shrews,  but  forming  a  distmct 
family,  attaining  a  higher  degree  of  development. 

Family  Leptictid^  (IcTOPSiD^).-The  second  section  of  the 
Insectivora  Vera  includes  the  recent  families  Fotamogahdce,  Soleno- 
dontidcB,  Centetidm,  and  Chrysochlorida ;  and  we  may  provisionally 
place  in  the  same  neighbour- 
hood the  family  Leptictida  of 
the  North  American  Eocene 
and   Miocene.     The  latter 
forms  are  regarded  by  Dr 
Schlosser  as  true  Insectivora, 
although  they  were  placed 
by  Professor  Cope  near  the 
Hyanodontida.     The  family 
includes  the  genera  Lepidis, 
Mesodedes,  Idops,  and  per- 
haps Geolabis. 

Finally  the  names  Cente- 
todon,  Entomodon,  Entomacodon,  Centracodon,  and  others  have  been 
applied  to  the  remains  of  small  entomophagous  mammals  from  the 
Lower  Tertiaries,  of  which  the  serial  position  is  doubtful. 

Order  X.  Chiroptera.— The  Chiroptera  are  characterised  by 
the  fact  that  the  anterior  limbs  are  longer  than  the  posterior,  the 
digits  of  the  fore  limb,  with  the  exception  of  the  pollex,  being  enor- 
mously elongated  (fig.  1344)-  These  elongated  fingers  are  united 
by  an  expanded  membrane  or  patagium,  which  is  also  extended 
between  the  fore  and  hind  limbs  and  the  sides  of  the  body,  and  in 
many  cases  passes  also  between  the  hind  hmbs  and  the  tail.  The 
patagium  thus  formed  is  naked,  or  nearly  so,  on  both  sides,  and 
serves  for  flight.  In  the  manus  the  pollex,  and  sometimes  the  next 
digit  as  well,  is  unguiculate,  or  furnished  with  a  claw ;  but  the  other 
digits  are  destitute  of  nails.  In  the  hind  limbs  all  the  toes  are 
unguiculate,  and  the  hallux  is  not  in  any  respect  different  from 
the  other  digits.  Well-developed  clavicles  are  always  present,  and 
the  radius  has  no  power  of  rotation  upon  the  ulna.  The  four 
kinds  of  teeth  are  always  present  (although  the  molars  are  aborted 
in  Desmodus),  and  the  dental  formula  is  never  known  to  exceed 

/.      C.  -,  Pm.  5,  M.  k 
3133 

This  order,  which  is  evidently  a  branch  from  the  Insectivorous 
stock,  is  divided  into  the  suborders  Megachiroptera  and  Micro- 
chiroptera.  The  former,  which  is  characterised  by  the  possession 
of  smooth  cheek-teeth,  marked  by  a  longitudinal  groove,  comprises 
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in'ti?^'lT^^1:°i  a  fossil  condition 

In  the  latter,  which  comprises  all  other  Bats  the  teeth  nr^  ^^^  i 

with  minute  pointed  cusps;  nearly  all  re%tcils  tin.  ofT 

paratxvely  small  size.    tL  most  LmarkableTature  p^^^^^^^^^^ 

the  past  history  of  this  order  is  the  occurrence  of  fS  ose,; 


Fig.  i344.-SkeIeton  of  the  Mouse-coloured  Bat  {VesfertiUo  murinus).  a.  Humerus  •  i 
bcapula  ;  ri,  Radius,  with  the  rudimentary  ulna  at  its  proximal  end  ;  e,  Carpus-  /  Pollex  •  'p- e-' 
Metacarpals  ;  j  s,  Sternum  ;      Pelvis  ;  i,  Supplementary  bone  attached  to  the  calcaneum  ' 


allied  to  those  of  the  present  day  as  low  down  as  the  Bridger 
Eocene  of  North  America,  which  indicates  that  the  characteristic 
features  of  the  order  were  probably  acquired  at  a  period  not 
later  than  the  Lower  Eocene  or  Cretaceous  epoch.  The  following 
families  of  Microchiroptera  may  be  noticed  : — 


ORDER  CHIROPTERA. 


Family  Rhinolophid^.— In  the  existing  genera  of  this  family 
the  dental  formula  never  exceeds  I.      C.     Ftn.  -,  M.      and  the 

nose  carries  a  peculiar  leaf-like  expansion.  The  type  genus  Rhin- 
olophus,  in  which  the  dental  formula  is  as  above,  is  represented  m 
the  cave-deposits  of  Europe  by  remains  of  existing  species.  Two 
Bats,  from  the  Upper  Eocene  Phosphorites  of  France,  have  been 
referred  to  this  genus  under  the  names  of  R.  dubius  and  R.  antiquus, 
but  the  latter  species  is  regarded  by  some  authorities  as  entitled  to 
•Generic  distinction,  and  the  term  Pseudorhinolophus  has  accordingly 
been  proposed  for  its  reception.  Alastor,  from  the  same  deposits, 
is  an  extinct  genus  characterised  by  the  extreme  shortness  of  the 
nasal  region  and  other  features  of  the  skull.  Falceonycteris,  from 
the  Lower  Miocene  of  France,  is  stated  to  be  allied  to  Rhinolophns, 

but  the  premolars  are  -,  and  the  limb-bones  are  said  to  resemble 

those  of  the  South  American  Molossus.    Phyllorhina,  in  which  the 
(1-2) 

premolars  are  ^  \  is  represented  by  the  living  oriental  P.  diadema 

in  the  Pleistocene  cave-deposits  of  Madras,  and  perhaps  by  a  species 
in  the  Quercy  Phosphorites. 

Family  Vespertilionid^. — In  the  VespertiHonida  the  nose  does 
not  carry  a  distinct  follicular  appendage,  the  number  of  incisors  is 
(1-2) 

usually   ~,  and  in  some  genera  there  are  three  premolars  in  each 

3 

jaw.    Of  Plecotus,  the  existing  P.  auritus  occurs  in  the  cavern- 

2 

deposits  of  Europe.     Vesperugo,  with  incisors  usually  -,  and  pre- 

molars  ->  is  perhaps  represented  in  the  Upper  Eocene  of  the  Pans 
2 

basin  by  the  well-known  V.  parisiensis,  which  appears  closely  allied 
to  the  existing  V.  serotina,  although  generically  separated  by  some 
writers  under  the  name  of  Nyctitheritwi.  This  genus  has  also  been 
described  from  the  Eocene  of  North  America,  where  it  is  repre- 
sented by  several  species,  ranging  as  low  down  as  the  Bridger 
horizon,  some  of  which  have  been  described  under  the  name  of 
Nyctiiherium.  Nyctilestes  serotmus,  from  the  same  deposits,  is  the 
type  of  an  allied  genus.  Remains  of  the  existing  V.  nodula  (fig. 
1345)  occur  in  the  English  Pleistocene.    In  the  type  genus  Vesper- 

tilio  the  dental  formula  is  /.      C.  -,  Pm.  -,  M.        The  existing 

3133 
V.  murinus  occurs  in  the  cave-deposits  of  France,  and  a  considerable 
number  of  species  have  been  referred  to  this  genus  from  the  Middle 
Tertiaries  of  the  Continent,  but  the  generic  reference  must  be  con- 
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n  ^n'.    VT^  °P""  *°  d°^bt.    Among  these  may  be 

mentioned  V.  ^nunnoides,  from  the  Middle  Miocene  of  France/and 
aC7  """"l/- 1"''-^'^''''  from  the  Lower  Miocene  of  Germany. 
A  Bat  from  the  Quercy  Phosphorites  originally  named  F.  Bour- 
gutgnatt  has  been  made  the  type  of  a  distinct  genus  Vespertiliavus 


Fig.  zia,i.—VesperHgo  noctiUa.^    Skull,  scapula,  and  fore  and  hind  limbs ;  from  a  fissure 

in  the  Mendip  Hills. 


and  differs  from  Vespertilio  in  the  proportions  of  the  premolars. 
■  Remains  of  numerous  existing  members  of  this  family  have  been 
recorded  from  European  caverns. 

Family  Emballonurid^. — This  is  an  extensive  family  showing 
great  variation  in  the  number  of  the  teeth,  and  mainly  charac- 
terised by  the  nose  and  muzzle  being  devoid  of  expansions,  and 
by  certain  peculiar  features  connected  with  the  tail.  All  its 
members  at  the  present  day  are  confined  to  tropical  and  sub- 
tropical regions.    In  Taphozous,  of  which  the  dental  formula  is 

II  23 
I.      C.  -,  F7JI.  -,  M.  -,  remams  of  the  existing  T.  saccolce^nus  occur 
2123 

in  the  cave-deposits  of  Madras ;  and  Dr  Weithofer  considers  that 
certain  humeri  from  the  Quercy  Phosphorites  may  indicate  the 
occurrence  of  this  genus  in  the  Upper  Eocene.  In  the  Brazilian 
cave-deposits  we  meet  with  remains  of  a  Molossus  {Dysopes),  prob- 
ably identical  with  the  living  M.  Tevimincki  of  the  same  region. 
Family  Phyllostomatid^. — The  last  family  is  that  of  the  Phyl- 

^  In  the  previous  edition  this  figure  was  wrongly  named  V.  parisiensis. 
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Fig.  1346. — Lateral  view  of  the  skull  of  the  Javelin 
Bat  {Phyllostoina  hastatuni). 


losiomatidcE,  now  confined  to  tropical  America,  and  distinguislied  by 
the  presence  of  cutaneous  expansions  in  the  nasal  region,  as  well  as 
by  a  peculiarity  in  the  number  of  the  digits  of  the  manus.  In  this 
family  the  existing  Vam- 
pynis  spectrum,  having  the 
21 

dental  formula  I.       c.  -, 

Pin.  -,  M.      together  with 

3  3 
several  undetermined  spe- 
cies of  Phyllostoina  (fig. 
1346),  in  which  the  pre- 
molars are  occur  in  the 
2 

cave  -  deposits  of  Brazil. 
Curiously  enough  the  man- 
dible of  a  large  Bat,  from 
the   Quercy  Phosphorites, 

described  under  the  name  of  Necromantis,  appears  to  indicate  the 
occurrence  of  this  family  in  the  European  Eocene. 

In  conclusion  it  should  be  observed  that  Professor  Cope  thinks 
that  a  small  Mammal  from  the  Miocene  of  North  America,  which 
he  has  described  under  the  name  of  JDomnina,  may  possibly  belong 
to  the  Chiroptera. 

Order  XI.  Primates. — This,  the  highest  order  of  Mammals, 
comprises  the  Lemurs,  Monkeys,  Baboons,  Apes,  and  Man.  The 
digits  are  unguiculate,  and  usually  five  in  number ;  and  in  existing 
forms,  with  the  exception  of  Man,  the  hallux  is  opposable  to  the 
other  digits.  The  pollex  may  be  wanting,  but  when  present  is 
usually  opposable  to  the  other  digits  of  the  manus.  The  dentition 
is  diphyodont  and  heterodont.    In  the  existing  and  the  allied  extinct 

2 

genera  the  incisors  are  usually  -,  and  the  true  molars  (with  the 

3 

exception  of  the  Hapalida)  -  in  number.    The  crowns  of  the  cheek- 

3 

teeth  are,  moreover,  always  adapted  for  grinding,  and  those  of  the 
true  molars  generally  consist  of  four  tubercles,  or  cusps,  which  may 
either  be  simple,  or  modified  so  as  to  form  imperfect  transverse 
ridges  or  crescents ;  but  some  extinct  types  have  tritubercular  upper 
molars. 

The  structure  of  the  premolars  is  always  simpler  than  that  of 
the  true  molars ;  and  in  many  Lemuroids  the  anterior  lower  pre- 
molar assumes  the  form  and  functions  of  a  canine,  as  in  the  Coty- 
lopidce  (fig.  1347).  All  existing  forms  have  the  orbit  entirely  sur- 
rounded by  bone ;  while  complete  clavicles  are  present,  and  there  is 

VOL.  n.  2  o 
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In  the  tft-  '"  .  K  '"'"''i  Ph^l^^"ge^l«  of  the  digits  are  flattened. 
In  the  soft  parts  there  is  a  discoidal  placenta,  as  in  the  Insectivora 

In  our  present  state  of  knowledge,  it  is  difficult  to  draw  a  line 
andTr  generalised  fossil  representatives  of  this  order 

and  the  Insectivora.  Some  remarks  on  the  probable  origin  of  the 
Primates  have  been  already  made  under  the  head  of  the  last-named 
order,  while  others  are  added  below. 

Suborder _  i.  Lemuroidea.— The  existing  members  of  this 
group  differ  in  many  respects  from  the  following  suborder,  but  at- 
tention may  be  directed  mainly  to  certain  osteological  and  dental 

characters.  Thus  the 
skull  (fig.  1347)  has 
a  somewhat  produced 
muzzle;  the  orbits  are 
not  closed  behind-  by 
bone,  but  open  freely 
beneath  the  post-orbital 
bar  into  the  temporal 
fossa;  and  the  lachry- 
mal foramen  is  situated 
on  the  outer  surface  of 
the  skull,  instead  of  with- 
in the  orbit.  The  nostrils 
have  a  peculiar  twist  on 
the  outer  side.  The  incisors  vary  much  in  the  different  families, 
but  they  are  frequently  separated  in  the  middle  line,  and  are  usually 

-  in  number,  although  they  are  reduced  to  -  in  Chiromys :  those  of 
2  I 

the  lower  jaw  being  frequently  procumbent.  Canines  are  present 
except  in   Chiromys.      The   number   of  premolars  varies  from 

^  in  Chiromys  to  -  in  the  extinct  Adapts,  but  is  generally  either 

2  'X 

-  or  -  ;  while  frequently  the  second  lower  premolar  is  larger  than 

3 

either  of  the  following  teeth.  The  outer  tubercles  of  the  upper  true 
molars  (fig.  1349)  are  laterally  flattened,  while  the  inner  ones  form 
imperfect  crescents ;  and  in  the  lower  molars  the  tubercles  like- 
wise form  a  pair  of  imperfect  crescents.  The  second  digit  of  the 
pes  has  a  long  claw-like  nail,  but  all  the  other  digits  have  nails ;  the 
digits  themselves  being  five  in  number,  and  the  long  poUex  being 
generally  opposable.  The  brain  has  but  few  convolutions,  and  the 
cerebellum  is  only  partially  covered  by  the  cerebrum. 

Many  of  the  foregoing  characters  are  common  to  other  orders. 


F;g.  1347.— Left  lateral  aspect  of  the  skull  of  the  Slow 
Loris  {Nyciice/ms  tardigradus) ;  from  the  Malayan  re- 
gion. The  tusk-like  tooth  in  the  lower  jaw  is  the  second 
premolar.    (After  Giebel.) 


ORDER  PRIMATES. 


1465 


such  as  the  Insectivora.  In  the  case  of  fossil  forms  it  appears,  in- 
deed, that  the  Lemuroids  can  only  be  distinguished  from  the  Insec- 
tivores  by  the  absence  of  the  cleft  in  the  terminal  phalangeals  of  the 
digits,  so  that  when  these  are  unknown  it  is  frequently  very  difficult, 
if  not  impossible,  to  determine  to  which  order  such  forms  should  be 
referred.  Since,  moreover,  as  we  have  stated  under  the  head  of  the 
Insectivora,  it  is  probable  that  Insectivores  and  Lemuroids  are  de- 
scended from  the  same  ancestral  stock  we  must  expect  to  find  the 
characters  common  to  the  two  groups  increasing  in  importance  and 
number  as  we  recede  in  time.  By  Professor  Cope  the  Lemuroids 
are,  however,  regarded  as  closely  allied  to  the  Condylarthrous  Un- 
gulates ;  and  that  writer  proposes  to  brigade  together  the  Primates, 
Condylarthra,  and  Hyracoidea  under  the  common  name  of  Taxeo- 
poda  ;  the  Condylarthra  being  regarded  as  the  ancestral  type.  Now 
although  we  may  be  prepared  to  admit  the  derivation  of  the  Condly- 
arthra  from  the  common  stock  which  gave  origin  to  the  Insectivora 
and  Primates  (see  p.  1455),  yet  the  apparent  absence  of  clavicles  in 
all  the  known  representatives  of  that  group  renders  it  at  least  pre- 
mature to  say  definitely  that  it  gave  rise  to  the  Primates.  At  the 
present  day  Lemuroids  are  confined  to  the  warmer  regions  of  the 
Old  World,  being  especially  characteristic  of  Madagascar  and  certain 
parts  of  Africa.  The  recent  forms  are  divided  into  the  families 
Lemurida,  Tarsiidce,  and  Chiroinyida. 

Family  Hygpsodontid^. — This  family  name  was  proposed  by 
Dr  Schlosser  ^  for  the  reception  of  certain  North  American  Eocene 
forms  now  looked  upon  by  most  writers  as  undoubted  Lemuroids, 
although  some  of  them  have  been  classed  among  the  Insectivora. 
The  most  generalised  form  is  Pelycodus,  from  the  Eocene  of  New 
Mexico,  at  one  time  regarded  by  Pro- 
fessor Cope  as  an  Insectivore  allied  to 
Tupaia.  Dr  Schlosser  states  that  it  pre- 
sents some  affinity  to  the  Insectivorous 
Microchcerus,  which  he  places  in  the  same 
family.  Hyopsodus  (fig.  1348),  of  the 
American  Eocene,  has  the  dental  formula 

/.  C.~,  Pm.  ^,  M.         the  third  upper         pig.  i348.-Palatal  view  of  the 

21  43  left  upper  (ff)  and  lower  (i)  dentition 

premolar  is  as  well  developed  as  the  le^^:fo7NorS:ri'caf"rAf'er 
second,  by  which  character  it  is  readily  Cope.) 
distinguished  from  Microcharus,  to  which 

it  has  been  compared.  Several  species  have  been  described,  of 
which  one  comes  from  the  Lower  or  Puerco  Eocene,  while  the  others 
are  from  the  higher  Wasatch  and  Bridger  horizons.    Microsyops  is 

^  Wrongly  given  as  Hyopsodidce. 
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an  apparently  allied  form  from  the  North  American  Eocene  said 
to  have  only  three  premolars.  In  Pelycodus  the  hallux  was  not 
opposable.  There  are  a  number  of  other  names  which  have  been 
applied  to  American  forms  of  uncertain  position,  but  since  the 
synonymy  is  very  complex  nothing  would  be  gained  by  quoting 
them  here. 

Family  Lemurid^. — Passing  to  Lemuroids  more  closely  allied 
to  existing  forms  those  extinct  genera  may  first  be  noticed  many  of 
which  exhibit  the  generalised  feature  of  having  four  premolars  in 
either  jaw,  on  which  grounds,  coupled  with  certain  slight  differences 
in  the  form  of  the  lower  premolars,  Dr  Schlosser  regards  them  as 
constituting  a  distinct  family — the  AdapidcE.  We  may,  however, 
provisionally  follow  Professor  Flower  in  including  them  in  the  Lemtc- 
ridce,  of  which  they  will  form  the  subfamily  Adapincc.  The  best 
known  of  these  forms  is  the  type  genus  Adapts  {Aphelotherium,  or 
Palaoleinur),  from  the  Upper  Eocene  (Oligocene)  of  both  France 

and  England,  in  which  the  dental  formula  is  Z       C.  -,  Pm.  ^,  M.  ^  ■ 

2        I         4  3' 

the  upper  molars  being  of  a  quadritubercular  type.  The  last  upper 
premolar  is  as  complex  as  the  true  molars,  which  (fig.  1349)  re- 
semble those  of  Lepidolemur  and 
Ifapak/imr,  while  the  skull  makes 
the  nearest  approach  to  that  of 
Propiiheais.  It  has,  indeed,  been 
suggested  that  this  and  the  allied 
genera  show  certain  relationships 
to  the  Anthropoidea  which  are  not 
seen  in  existing  representatives  of 

Fig.  1349-— Palatal  aspect  of  the  left  upper      the  Subordcr  !  but  their  alleged  re- 
cheek-teeth  of  Adapts  magna;  from  the  .  '  "  . 
Upper  Eocene  of  Hampshire.                          latlOnship  tO  the   bunodont  ArtlO- 

dactyla  does  not  appear  to  be  sub- 
stantiated. The  imperfectly  known  genus  Ccenopithecus  from  the 
Upper  Eocene  of  Switzerland  is  regarded  by  Dr  Schlosser  as  iden- 
tical with  Adapts,  although  Professor  Riitimeyer  considers  that  it  is 
allied  to  the  American  Pelycodus.  From  the  Eocene  of  North 
America  we  have  the  two  nearly  related  genera  Tomitherhim  and 
Notharctus.  The  former  (with  which  Li7)inotherium  of  Professor 
Marsh  is  identical)  is  distinguished  by  the  single  roots  to  the  pre- 
molars, and  by  the  development  of  a  third  lobe  to  the  last  lower 
true  molar.  Notharctus  agrees  with  Adapts  in  the  presence  of  two 
roots  to  the  premolars,  but  has  a  larger  lower  canine.  Thinolestes 
and  Telmatolestes  are  probably  allied  to  or  identical  with  the  pre- 
ceding genera ;  both  being  from  the  American  Eocene. 

Turning  to  the  more  typical  representatives  of  the  familj',  in  which 
at  least  the  upper  premolars  do  not  exceed  three,  we  have  the  small 
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Necrole?nur  from  the  French  Phosphorites,  the  dental  formula  of 

which  Dr  Schlosser  gives  as  J.  \,  C.  \,  Frn.  |  M.  |,  or  the  same  as 

in  the  existing  Tarsius,  although  he  suggests  that  in  some  cases 
there  may  have  been  four  lower  premolars.  The  skull  resembles 
that  of  the  living  genus  Galago  of  Africa,  both  in  size  and  structure, 
as  is  especially  shown  by  the  prominent  auditory  bulte.  The  upper 
molars  are  also  like  those  of  one  species  of  that  genus,  although  the 


Fig.  1350.— Cranium  of  Ajiaptomorfhus  homnnciilus ;  from  the  Wasatch  Eocene  of  North 
America,  a,  From  the  left  side ;  b,  Oblique  view ;  c.  From  ahove ;  d,  From  below  (enlargea). 
(After  Cope.) 

last  premolar  is  distinguished  by  having  only  one  outer  column,  and 
is  accordingly  simpler  than  the  true  molars.  In  this  respect  Necro- 
lemur  agrees  with  Chirogaleus  of  Madagascar. 

Fksiadapis,  from  the  Lower  Eocene  of  Rheims,  may  be  provision- 
ally placed  here.  Anaptojnorphus,  from  the  Middle  Eocene  of 
North  America,  of  which  the  cranium  and  mandible  are  shown  in 
the  accompanying  figures,  seems  to  be  allied  to  Necrolemur,  but  has 
two  lower  incisors,  and  the  upper  premolars  are  unusually  complex 
and  approach  those  of  the  Anthropoidea.    The  upper  molars  are 

tritubercular ;  and  Professor  Cope  gives  the  dental  formula  as  Z  - , 

C.  -,  Pm.  -,  M.  -.     Cynodontoinys  is  an  imperfectly  known  genus 
123 

from  the  Wasatch  Eocene ;  and  Mixodedes  an  older  one  from  the 
Puerco  or  Lower  Eocene  of  North  America.  Dr  Schlosser  also  re- 
gards the  American  Eocene  genus  Otnomys  as  allied  to  Necrolemur, 
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renZ^V'J^Z  T'^^J"  ^°P^  "early 

related  to  Hyopsodus.  Lemuravtis,  of  the  American  Eocene  mav 
perhaps  belong  to  the  preceding  division  of  this  family  '  ^ 

Ihe  total  absence  of  remains  of  Lemuroids  from  the  Miocene  of 


Europe  and  North  America  points  to  their  early  disappearance  from 
those  regions. 

•Suborder  2.  Anthropoidea.— In  all  the  known  members  of 
this  suborder  the  number  of  the  incisors  is  - ;  the  upper  ones  being 

always  in  contact  in  the  middle  line,  and  the  lower  ones  not  pro- 
jecting forwards  to  any  great  extent.  The  orbit  is  completely 
closed  behind  by  bone ;  and  the  lachrymal  foramen  opens  within 
its  cavity.  The  pollex  is  short,  and  the  second  digit  of  the  pes  has 
a  true  nail.  This  suborder  may  be  divided  into  the  Platyrhine  and 
Catarhine  sections.  In  the  former,  which  is  confined  at  the  present 
day  to  South  America,  the  structure  of  the  cheek-teeth  is  inter- 
mediate between  that  obtaining  in  the  Lemuroidea  and  the  succeed- 
ing section.    The  premolars  are  always  -  in  number,  but  the  true 

3 

molars  may  be  either  -  {HapalidcE),  or  -  {Cebida);  and  the  last 

3 

lower  true  molar  has  a  small  hind  talon.  The  nostrils  are  simple, 
widely  separated,  and  placed  nearly  at  the  extremity  of  the  snout. 
The  pollex  is  either  absent,  or,  if  present,  is  not  opposable ;  and 
there  are  other  characteristic  external  features. 

The  genus  Laopitheais,  from  the  Miocene  of  North  America,  has 
been  referred  to  this  section,  but  its  dentition  approximates  to  that 
of  the  early  Lemuroids,  and  its  position  must  be  regarded  as 
unsettled. 

Family  HAPALiDiE. — In  the  Marmosets,  which  are  nearest  to  the 
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Lemuroidea,  two  species  of  Hapale  have  been  recorded  from  the 
cave-deposits  of  Brazil,  one  of  which  is  regarded  as  extinct. 

Family  Cebid^.— The  Brazihan  cave-deposits  have  also  yielded 
remains  of  various  Cebidcn  referable  to  the  existing  genera  Callithrix, 
Cebus  and  Mycetes;  several  of  which  appear  indistinguishable  from 
species  still  inhabiting  the  same  region.  A  monkey  alUed  to  Myceies, 
but  of  larger  size  than  any  existing  species,  has  been  referred  to  a 
distinct  genus  under  the  name  of  Protopithecus. 

Catarhine  Section.— In  this  section,  which  comprises  the  three 
families  Cercopithecidce,  Si?nndce,  and  HominidcB,  the  number  of  the 

cheek-teeth  is  always  Pm.  -,  M.  ^,  and  the  crowns  of  the  true  molars 

are  either  transversely  ridged  or  simply  tubercular.  The  nostrils 
are  straight,  and  placed  close  together,  and  their  septum  is  narrow. 
In  all  except  Colobus,  where  it  is  absent,  the  pollex  is  opposable  to 
the  other  digits.  The  tail  is  never  prehensile,  and  may  be  wanting ; 
while  cheek-pouches  and  ischial  callosities  are  often  present.  With 
the  exception  of  one  species,  which  occurs  at  Gibraltar,  all  the  exist- 
ing Cercopithecidce  and  Simiidce  are  confined  to  Asia  and  Africa. 

Family  Cercopithecidce. — In  this  family,  which  includes  most 
of  those  Old  World  genera  commonly  termed  Monkeys  and  Baboons, 
the  tubercles  of  the  true  molars  are  developed  into  a  pair  of  imper- 
fect transverse  ridges,  and  the  third  lower  true  molar  has  a  hind 
lobe  or  talon.  It  has  been  stated  that  the  genus  Colobus  occurs  in 
the  Miocene  of  Bavaria,  but  the  specimen  on'  which  this  determina- 


Fig.  1352.— Left  lateral  view  of  the  skull  of  Cynocephalus  ursinus ;  Recent.   Africa.  Reduced. 

tion  was  made  really  belongs  to  the  Artiodactylate  genus  Ceboclwrus. 
The  somewhat  widely  spread  genus  Macacus  is  represented  in  the 
Pliocene  Siwaliks  of  India,  and  also  in  the  Upper  Pliocene  of  the 
Continent  and  the  Pleistocene  of  India ;  one  of  these  continental 
species  having  probably  been  described  under  the  name  of  Aulax- 
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tlk,^sue^it\f^^^^^  by  remains  of 

^wSrisel  hv  ^-^T^^^.^"''  t°  Africa,  and 

cnarac  erised  by  the  long  and  projecting  facial  region  and  the  nearlv 

llSLv  and  ''^^  V^'  Pleistocene  of  Southern  India  and 

TnSS^^^^^    ™^    b-  -  i— 

Orfn''''' nK^™''°^-~^"  ^hich  includes  the  Gibbons, 

Orangs,  Chimpanzees,  and  Gorillas,  the  tubercles  of  the  cheek-teeth 
C^g-  1353)  are  low  and  blunt,  and  the  angles  of  their  crowns  are 

more  or  less  rounded  off,  and  the 
third  lower  true  molar  has  no  hind 
talon.    The  canines  are  large,  and 
the  hallux  is  opposable.    The  Gib- 
bons are  represented  in  a  fossil  state 
in  the  Pleistocene  of  Borneo  by  a 
species  of  Hylobates,  and  by  another 
from  the  Middle  Miocene  of  France 
which  may  be  included  in  the  same 
genus,  although  separated  by  some 
under  the   name   of  Fliopithecus. 
Bryopithecus,  from  the  Middle  Mio- 
cene   of  France  and  the  Lower 
Miocene  of  Hessen-Darmstadt,  was 
a  large  Ape  of  the  size  of  the  Chim- 
panzee, but  with  teeth  resembling 
those  of  the  Gorilla.     Lastly,  the 
Pliocene  Siwaliks   of  India  have 
yielded  a  species  of  Anthropopithe- 
cus  {Troglodytes)  apparently  closely  allied  to  the  existing  African 
Chimpanzee ;  while  there  are  also  indications  in  the  same  deposits 
of  a  species  of  the  Malayan  genus  Swiia  (Orang).    A  skull  of  the 
existing  species  of  Simia  is  shown  in  woodcut,  fig.  1354. 

Family  Hominid^. — The  last  and  highest  family  of  the  class 
comprises  only  Man  {Homo),  and  requires  but  little  notice  in  this 
work.  It  may,  however,  be  observed  that  the  teeth  form  a  nearly 
even  horse-shoe-shaped  series,  without  any  diastema  or  marked 
increase  in  the  size  of  the  canine,  and  are  thus  in  striking  contrast 


Fig.  1353.— Palatal  aspect  of  the  man- 
dible of  Hylobates  antiguiis ;  from  the 
Middle  Miocene  of  France. 


ORDER  PRIMATES. 


tn  those  of  the  Simiida  (compare  a  and  b  in  fig.  1354);  although 
heir  number  and  structure  are  identical.    The  skull  is  also  remark- 
able for  the  great  relative  size  of  the  cranial,  and  the  shortness  of 

the  facial  portion.  .    ^,  .  •  j  j 

Man  has  certainly  existed  throughout  the  Pleistocene  period,  and 
there  is  also  evidence  of  his  presence  at  the  epoch  of  the  St  Prest 
beds  of  the  south  of  France,  which  are  equivalent  to  the  Norfolk 
Forest-bed,  and  are  referred  by  some  authorities  to  the  base  of  the 
Pleistocene,  and  by  others  to  the  top  of  the  Pliocene.  Somewhat 
doubtful  evidence  of  his  existence  in  the  true  Phocene  of  Italy  has 


Fig.  i354.-Left  lateral  view  of  the  skull  of  (a)  the  Orang  {Simia)  and  (b)  a  European. 

Reduced. 


been  brought  forward ;  and  it  has  been  asserted  that  a  skull  found 
in  Calaveras  county,  in  the  United  States,  is  from  Pliocene  beds. 
In  the  latter  instance,  however,  some  authorities  doubt  whether  the 
skull  in  question  was  really  obtained  from  these  beds,  while  others 
consider  that  the  beds  themselves  are  not  earlier  than  the  Pleisto- 
cene. Far  stronger  proofs  than  those  hitherto  brought  forward 
must  be  forthcoming  before  the  alleged  existence  of  Man  in  the 
Middle  Miocene  of  France  can  be  accepted.  The  evidences  of  his 
existence  in  the  Recent  period  belong  rather  to  the  domain  of  the 
archaeologist  and  ethnologist  than  to  that  of  the  palaeontologist. 

In  conclusion,  it  may  be  mentioned  that  Professor  Cope  regards 
the  Hominida  as  having  originated  independently  of  the  other  An- 
thropoidea  from  a  Lemuroid  stock;  but  much  more  conclusive 
evidence  than  that  yet  adduced  is  necessary  to  support  this  view. 
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PART  IV. 


CHAPTER  LXIV. 

CLASSIFICATION  AND  GENERAL  SUCCESSION 
OF  PLANTS  IN  TIME. 

The  department  of  Palaeontology  which  deals  with  the  relations  of 
Plants  to  time  is  usually  spoken  of  under  the  name  of  Pateobotany 
or  Pateophytology,  and  is  one  of  wide  extent  and  great  complexity. 
To  render  adequate  justice  to  the  vast  body  of  knowledge  which  has 
been  accumulated  as  to  the  past  history  of  plants,  an  amount  of 
space  much  exceeding  that  available  in  the  present  work  would 
be  required.  Moreover,  the  subject  is  one  which  cannot  be 
thoroughly  dealt  with  except  by  a  specialist,  and  which,  in  itself,  is 
of  less  importance  to  the  general  geological  student  than  is  Palseo- 
zoology.  For  these  reasons,  nothing  more  will  be  attempted  here 
than  to  give  an  extremely  brief  and  entirely  general  sketch  of  the 
past  distribution  and  succession  of  the  chief  types  of  plant-life ;  the 
extinct  groups  being  treated  with  somewhat  greater  detail  than  those 
now  in  existence.  In  most  cases,  however,  no  description  of  the 
characteristic  structures  of  the  different  groups  can  be  given  ;  nor 
is  it  possible  to  introduce  so  much  as  a  sketch  of  the  general  mor- 
phology of  plants.  For  such  the  student  must  be  referred  to  works 
devoted  to  structural  Botany,  to  which  he  must  also  look  for  the 
meaning  of  such  technical  terms  as  are  here  made  use  of 

CLASSIFICATION. 

As  regards  the  classification  of  Plants,  the  following  table  shows 
the  leading  groups  into  which  the  existing  members  of  the  Vege- 
table Kingdom  are  divided  : — 
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KINGDOM  VEGETABILIA. 
SUB-KINGDOM   A.— THALLOPHYTA. 


Class  i.  Diatomace/e  . 

,,     2.  PHYCOCHROMOPHYCili 
3-  FuCACEvE  . 

4.  Chlorospore,*: 
,,    5.  Floride^ 

6.  Charace^ 


SERIES  I._ALGiE. 


Diatoms. 
Desmids. 
Sea-weeds. 
Siphonea. 

Red  Sea-weeds,  Corallines,  and 

Nullipores. 
Charas. 


SERIES  II.— FUNGI. 

This  series  includes  the  Lichens  [Lkhenes)  and  the  true  Fungi  the  latter 
being  spht  into  several  divisions  which  need  not  be  inserted  here. 

SUB-KINGDOM   B.— CORMOPHYTA. 
SERIES  I.— BRYOPHYTA  (Anogens). 


Class  i.  Musci 
,,    2.  Hepatic^ 


Mosses. 
Liverworts. 


SERIES  II.— PTERIDOPHYTA  (Acrogens). 


Class  i.  Filicace/e. 
Order  i.  Stipulates. 

a.  Ophioglossem  . 

b.  Marattiacea  , 
Order  2.  Filices 
Order  3.  Rhizocarpe.^ 

Class  2.  Equisetace/e  . 

Class  3.  Lycopodiace^. 

Order  i.  Isospore^  {Dichotomce). 
a.  LycopodecE  .  .  .1 
6.  Psilotea:  .       .       .       A  Lycopods, 

c.  Phylloglossece  .       .       .  \ 
Order  2.  Heterospore^e  {LigulatcB). 

a.  Selaginellecz  , 


Adders'-tongues. 
Marattia. 
Ferns. 
Rhizocarps. 
Horsetails. 


b.  Isoetea 


Club-mosses, 
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SERIES  III.— PHANEROGAMiE. 


Class  i.  Gymnosperme^e. 

Order  I.  Cycadace/E 

Order  2.  Conifer.*; 

Order  3.  Gnetace^ 
Class  2.  ANGiosPERMEyE. 

Subclass  I.  Monocotyl^  (Endo- 
gens)  . 

,,      2.  Dicotyl^  (Exogens) 


Cycads. 

Conifers. 

Welwitschia. 

Grasses,  Palms,  Lilies,  &c. 
Rose,  Buttercup,  Dandelion,  &c. 


The  above  classification  is,  in  the  main,  the  one  adopted  by  Pro- 
fessor Thistleton  Dyer,  although  a  less  complex  arrangement  of  the 
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Thallophytes  has  been  adopted.  The  divisions  of  the  Fungi,  as 
beinc^  of  no  importance  to  palaeontologists  in  the  present  state  of  our 
knowledge,  have  likewise  been  omitted ;  as,  also,  have  been  several  of 
the  groups  of  the  Alg^e.  In  older  botanical  systems,  plants  m  place 
of  being  ranged  into  the  two  primary  divisions  of  Thallophytes  and 
Corraophytes,  were  separated  into  "Cryptogams"  and  ''Phanero- 
gams "  the  limits  of  these  old  divisions  being  indicated  m  the  margm 
of  the  above  table;  and  it  will  still  be  sometimes  convenient  to 
employ  the  former  term  as  a  collective  name  for  the  non-flowermg 
plants.  Similarly,  the  Cryptogams  were  formerly  divided  into  Thal- 
logens,  Anogens,  and  Acrogens ;  and  we  still  very  generally  meet 
with  the  two  latter  terms  (the  position  of  which  is  indicated  in 
brackets  in  the  table)  in  geological  works,  where  the  expression 
"  Age  of  Acrogens  "  has  become  almost  classical.  It  is,  however, 
very  inadvisable  to  retain  for  geological  purposes  a  classification 
abandoned  by  the  more  advanced  botanists ;  and  we  shall  therefore 
adopt  the  names  Bryophytes  and  Pteridophytes  in  place  of  the  older 
Anogens  and  Acrogens. 

The  Thallophytes  are  cellular  plants  not  distinctly  differentiated 
into  stem  and  leaf;  the  Alga  being  distinguished  from  the  Fungi 
by  the  presence  of  chlorophyll.  The  Bryophytes,  while  still  wholly 
cellular,  may  have  distinct  stems  and  leaves  ;  while  the  Pteridophytes 
are  pardy  composed  of  cells  and  partly  of  long  tubes  or  vessels,  and 
are  thus  fitted  for  the  attainment  of  considerable  dimensions.  The 
Phanerogams  are  like  the  Pteridophytes  in  being  vascular  plants, 
but  differ  from  all  the  preceding  groups  in  developing  flowers,  which 
in  turn  produce  seeds  containing  an  embryo.  The  series  of  the 
Phanerogams  is  again  divided  into  the  Gymnosperms,  with  naked 
seeds  not  enclosed  in  fruits,  and  the  Aiigiosperms,  in  which  true 
fruits  enclose  the  seeds.  This  latter  group  is  further  divisible  into 
two  sections,  known,  from  the  number  of  the  seed-leaves,  as  Mono- 
cotyledons and  Dicotyledons.  In  the  Monocotyledons  the  embryo 
has  only  a  single  seed-leaf  or  cotyledon,  and  the  stems  grow  from 
within  and  show  no  rings  of  growth ;  the  name  of  "  Endogens " 
applied  to  the  group  being  based  on  this  latter  feature.  In  the 
Dicotyledons,  on  the  other  hand,  the  embryo  has  two  seed-leaves  or 
cotyledons ;  and  the  group  is  sometimes  spoken  of  as  that  of  the 
"  Exogens,"  since  the  stems  (as  in  the  Gymnosperms  also)  grow  from 
without,  with  the  formation  of  distinct  rings  of  growth. 

General  Succession  of  Plants  in  Time. 

As  in  the  Animal  Kingdom,  so  among  plants  there  appears  to  be 
a  general  correspondence  between  relative  rank  in  the  scale  of  organ- 
isation and  the  order  of  appearance  in  time.    Thus,  as  Sir  William 
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a'^riw  tT^^^^^  ^  ^-t-"ly  know 

tuL  ThnlfonW  T  '^u'uZ  P^'"''  apparently  with  the  struc- 
ture of  Thallophytes,  but  the  habits  of  trees,  which  for  want  of  a 
better  name  I  may  call  Protogens "  [Nematodendre^].  "Plants 
akin  to  the  Rhizocarps  also  appear  very  early.  Next  in  order  we 
find  forests  m  which  gigantic  Ferns,  Lycopods,  and  Horsetails  pre 
dommate,  m  association  with  Pines.  Succeeding  these  we  have  a 
reign  of  Gymnosperms;  and  in  later  formations  we  find  the  higher 
Phanerogams  dominant.  Thus  there  is  an  advance  in  elevation  and 
complexity  along  with  the  advance  in  geological  time,  but  connected 
with  the  remarkable  fact  that  in  earlier  periods  low  groups  attain  to 
an  elevation  unexampled  in  later  epochs,  when  their  places  are 
occupied  with  plants  of  higher  types."  i 

The  age  of  Algse  and  Nematophytes  corresponds  with  the  earlier 
portion  of  the  Palaeozoic  period,  while  Pteridophytes,  with  some 
Gymnosperms,  are  the  dominant  forms  of  the  later  Palaeozoic  de- 
posits.   The  Mesozoic  period  may  be  termed  the  "  Age  of  Gymno- 
sperms," while  the  Angiosperms  assume  the  leading  place  in  the 
Tertiary.    The  floras  of  the  great  geological  periods,  however,  shade 
gradually  into  one  another,  and  no  hard-and-fast  lines  can  be  drawn 
between  them.    Thus,  we  have  already  seen  that  Gymnosperms 
make  their  first  appearance  in  the  Upper  Paleozoic  rocks,  these 
ancient  types  being  the  precursors  of  the  characteristically  Gymno- 
spermous  flora  of  the  Mesozoic  period.    In  a  similar  manner  the 
Upper  Cretaceous  flora,  by  its  great  development  of  Angiosperms, 
is  more  nearly  related  to  the  Tertiary  than  to  the  preceding  Jurassic 
flora.    Moreover,  the  evolution  of  the  flora  of  different  regions  of 
the  earth  by  no  means  advanced  />ari  passu  with  the  evolution  of 
the  fauna — a  striking  example  of  this  fact  being  afforded  by  the 
Lower  Gondwana  beds  of  India  and  the  equivalent  deposits  of 
Australia,  in  which,  reckoning  from  a  European  standpoint,  we  find 
a  full-blown  Mesozoic  flora  coexisting  with  a  Paleozoic  fauna. 

Taking  a  brief  historical  retrospect  of  the  distribution  of  plants  in 
time,  we  have  no  direct  evidence  of  the  existence  of  vegetable  life 
during  the  period  represented  by  the  Archaean  rocks.  There  is, 
however,  a  strong  probability  in  favour  of  Sir  William  Dawson's 
view  that  the  extensive  accumulations  of  graphite  associated  with 
the  Laurentian  limestones  of  Canada  are  really  of  the  nature  of 
metamorphosed  vegetable  matter,  or  that  they  have  been  derived 
in  the  first  instance  from  plants.  In  deposits  of  Cambrian  age 
most  of  the  supposed  remains  of  plants  belong  to  the  obscure  and 
difficult  group  of  fossils  commonly  spoken  of  as  "  Fucoids,"  and 
supposed  to  be  referable  to  the  Sea-weeds.   So  far  as  the  "  Fucoids  " 

1  Some  slight  verbal  alterations  have  been  made  in  this  quotation. 
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of  the  Cambrian  rocks  are  concerned,  there  is  every  probability  that 
we  have  to  deal  entirely  with  the  tracks  and  trails  of  marine  animals, 
or  with  impressions  of  a  purely  inorganic  character.  Thus,  the 
Cambrian  fossils  referred  to  such  genera  as  Cruziana  and  Bilobites 
are  most  probably  the  tracks  of  Annelides,  or  the  filled-up  burrows 
of  Crustaceans.  The  fossils  from  the  Cambrian  rocks  of  Sweden 
described  under  the  name  of  Eophyton,  and  at  one  time  supposed 
to  be  the  remains  of  land-plants,  are  almost  certainly  not  of  a  vege- 
table nature.  As  previously  pointed  out  (p.  209),  strong  evidence 
has  been  brought  forward  by  Nathorst  in  favour  of  the  view  that  the 
striated  markings  of  Eophyton  are  really  produced  by  the  trailing  of 
the  tentacles  of  Jelly-fishes  over  the  surface  of  soft  sediment.  Lastly, 
the  so-called  Oldhamia  of  the  Cambrian  rocks  (p.  205)  has  been 
regarded  as  an  Alga,  but  it  may  have  been  produced  by  animal 
agency,  or  it  may  be  wholly  inorganic. 

From  strata  of  Ordovician  age  many  supposed  plants  have  been 


Fig.  1355. — Licrophycus  Ottamaensis,  a  supposed  "  Fucoid  "  from  tlie  Trenton  Limestone 
(Ordovician)  of  Canada.    (After  Billings.) 

described,  and  the  great  majority  of  these  have  been  referred  to  the 
Alga,  and  have  been  regarded  as  the  remains  of  Sea-weeds.  Most 
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Of  these  so-called  "Fucoids"  are  wholly  destitute  of  carbon  and 
are  almost  certainly  not  of  a  vegetable  nature.  Many  of  these 
supposed  Sea-weeds-such  as  those  referred  to  the  genera  ZZ 
chorda  Crossopodia  (the  Crossochorda  of  Schinfper)-,™ 

themselves  as  simple,  often  sinuous  or  convoluted,  raised  marking 
on  the  surface  of  muddy  or  arenaceous  sediments.  Such  markings 
as  specially  insisted  on  by  Nathorst,  always  occur  in  demi-relief  on 
the  under  surfaces  of  the  beds  in  which  they  are  found;  and  this 
fact  would  strongly  support  the  view  that  they  are  really  the  casts  of 
the  trails  of  marine  animals  such  as  Worms  or  Molluscs,  such  trails 
presenting  themselves  as  depressed  impressions  on  the  upper  sur- 
faces of  the  strata.  Raised  impressions  on  the  under  sides  of  the 
strata,  but  branched,  are  not  uncommon,  and  upon  these  have  been 
founded  such  genera  as  Licrophycus  (fig.  1355).  These  curious 
fossils  may  be  regarded  as  probably  of  the  nature  of  filled-up  worm- 
burrows,  rather  than  as  mere  surface-trails. 

On  the  other  hand,  some  of  the  so-called  "Fucoids"  of  the 
Ordovician,  as  also  of  the  Silurian  rocks,  appear  to  be  truly  the 


Fig.  12^6.— BuihotrcJ>his  gracilis,  Hall;  a  "  Fucoid  "  from  the  Trenton  Limestone 
(Ordovician)  of  Ottawa.  (Original.) 


remains  of  marine  Algce.  This  is  the  case,  for  example,  with  some 
of  the  fossils  which  have  been  referred  to  the  genus  Buthotrephis  of 
Hall.  The  types  in  question  (fig.  1356)  present  themselves  as 
compressed,  branching  impressions,  sometimes  showing  leaf-like 
extremities,  and  occasionally  distinctly  carbonaceous. 
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In  addition  to  Algce,  the  Ordovician  rocks  have  yielded  a  few 
unquestionable  plant-remains  which  are  regarded  by  Dawson  as 
probably  having  been  of  a  higher  grade.  Thus,  the  Frotannularta 
of  the  Arenig  rocks  of  Britain,  and  the  Sphenothallus  oi  the  Cin- 
cinnati group  of  North  America,  are  provisionally  referred  to  the 
Rhizoca?ps;  while  the  Protostigma  of  the  latter  formation  is  looked 
upon  as  possibly  allied  to  the  Lycopods. 

In  the  Silurian  rocks  we  meet  with  various  Sea-weeds  of  an  appa- 
rently unquestionable  character,  and  along  with  these  are  found  the 
remains  of  plants  of  a  higher  type.  The  most  abundant  of  these 
belong  to  the  genus  Fsilophyton,  regarded  by  Dawson  as  forming  a 
connecting  link  between  the  Rhizocarps  and  the  Lycopods.  The 
Glyptodendron  of  the  Clinton  beds  may  perhaps  be  related  to  Lept- 
dodendron,  but  the  supposed  Silurian  fern,  described  under  the  name 
of  Eopteris,  is  not  truly  organic.  Lastly,  in  the  Silurian  rocks  are 
found  the  first  traces  of  the  singular  tree-like  plants  origmally  de- 
scribed by  Dawson  under  the  name  of  Frototaxites,  but  now  termed 
Nematophyton.  The  characters  of  this  will  be  briefly  noted  imme- 
diately ;  but  it  may  be  mentioned  here  that  the  curious  spore-like 
bodies,  which  have  been  described  from  the  Silurian  rocks  under 
the  name  of  Fachyiheca,  are  regarded  by  Dawson  as  not  improbably 
belonging  to  this  plant. 

In  the  Devonian  rocks,  as  more  especially  shown  by  Sir  William 
Dawson,  we  have  evidence  of  an  abundant  flora,  consisting  of  both 
aquatic  and  terrestrial  plants.  Of  the  Devonian  fossils  which  have 
been  referred  to  the  Alga,  the  most  singular  is  the  genus  Spirophy- 
ton,  comprising  certain  broad,  spirally  twisted  impressions,  which  are 
very  abundant  in  some  of  the  lower  beds  of  the  Devonian  series  of 
North  America.  Similar  impressions — often  spoken  of  under  the 
name  of  "  Cauda  Galli" — occur  in  the  Lower  Carboniferous  rocks  of 
Europe ;  but  their  real  nature  is  not  free  from  doubt.  We  may  also 
notice  here  the  highly  remarkable  tree-like  plants  for  which  the 
genus  Nematophyton  {Frototaxites)  has  been  proposed  by  Dawson, 
since  these  cannot  at  present  be  definitely  referred  to  any  recog- 
nised group  of  existing  plants.  According  to  Dawson,  the  plants  in 
question  (fig.  1357)  are  "trees  of  large  size,  with  a  coaly  bark  and 
large  spreading  roots,  having  the  surface  of  the  stem  smooth  or 
irregularly  ribbed,  but  with  a  nodose  or  jointed  appearance.  In- 
ternally, they  show  a  rissue  of  long,  cylindrical  tubes,  traversed  by  a 
complex  network  of  horizontal  tubes,  thinner-walled  and  of  smaller 
size."  The  tubes  appear  to  be  arranged  in  concentric  zones,  but 
the  plant  was  not  truly  exogenous,  and  it  is  doubtful  if  a  genuine 
bark  was  present.  The  systematic  place  of  Nematophyton  is  un- 
certain, but  the  balance  of  evidence  would  seem  to  be  in  favour  of 
its  reference  to  the  Thallophytes,  and  it  is  regarded  by  Dawson  as 
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the  type  of  a  special  group,  for  which  he  has  proposed  the  name  of 

dZh^  r  •  '-^"^^^^^^^     °f  °P^"-n  that  the  mTnute 

globular  bodies  to  which  the  name  of  My.^eca  has  been  given! 


in      •  c^WnT^r'i^Zt  t^'&l  '^Xi'^/'^^l  ^T"'  ^VT 

stem,  highly  magnified.    Lower  Devonian,  Canada.    (After  Dawson  )         ^  °^  "'^ 

may  perhaps  have  been  the  fruit  oi  Nematophyton.  As  previously 
noted,  the  genus  occurs  also  in  the  Silurian  rocks. 

Coming  to  higher  plants,  the  Rhizocarps  are  represented  in  the 
Devonian  flora  by  such  types  as  Sphenophyllum  and  Psilophyton, 
the  latter  showing  affinities  with  the  Lycopods.    Moreover,  some  of 
the  Devonian  shales  of  North  America  are  crowded  with  minute 
globular  thick-walled  bodies  (fig.  1358),  of  a  diameter  of  one- 
hundredth  of  an  inch  or  more,  which  Dawson  regards  as  being 
probably  of  the  nature  of  the  "  macrospores "  of  plants  allied  to 
the  Rhizocarps.    These  were  originally  described  under  the  name 
of  Sporangites  Huronensis,  but  they  are  now  referred  by  Dawson 
to  the  provisional  genus  Protosalvinia.    Similar  bodies  have  been 
shown  to  occur,  often  in  vast  numbers,  in  shales  of  Carboniferous 
age  in  both  North  America  and  Europe,  and  even  some  coals 
appear  to  be  largely  made  up  of  structures  of  a  similar  nature. 

Of  still  higher  groups  of  plants,  the  Devonian  rocks  have  yielded 
the  remains  of  Lepidodendron  and  Sigillaria,  representing  the  Lyco- 
pods, and  of  early  types  of  Calamites,  representing  the  Horsetails ; 
while  true  Ferns,  some  of  which  attain  considerable  dimensions,  are 
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Fig.  1358. — A  slice  of  shale  from  the 
Devonian  rocks  of  Kettle  Point,  Lake 
Huron,  showing  the  "  macrospores "  of 
Protosalvinia.  magnified.    (Original  ) 


present  in  comparative  abundance.    Lastly,  the  Gymnosperms  are 
represented  by  the  woody  trunks  of  Conifers  {Dadoxylon). 

The  Carboniferous  deposits  are  remarkable  for  the  richness  of 
their  contained  flora,  as  also  for  the  extensive  development  of  beds 
of  workable  coal.    The  predominant  plants  of  this  period  belong  to 
the  groups  of  the  Pteridophytes  and  Gymnosperms.    The  former 
are  represented  by  types  belonging 
to  the  Rhizocarps,  the  Ferns,  the 
Lycopods,   and   the   Eqtiisetacece ; 
though  in  many  cases   the  Car- 
boniferous plants  referred  to  these 
groups  exhibit  quite  peculiar  char- 
acters, and  their  precise  afifinities 
are  not  always  clear.    The  Rhizo- 
carps are  represented  by  the  ancient 
genus  Sphenophylhmi  and  by  the 
macrospores  of  Protosalvinia.  The 
latter  sometimes  occur  in  vast  num- 
bers in  the  shales  of  the  Carbon- 
iferous period,  and  occasionally  play 
an  important  part  in  the  formation 
of  coal,  though  this  must  be  re- 
garded as  exceptional.    The  Lycopodiacea  are  represented  by  the 
genus  Lycopodites,  but  the  most  remarkable  members  of  this  series 
in  Carboniferous  times  are  the  tree-like  Lepidodendroids  {Lepido- 
dendron,  &c.)    The  great  group  of  the  Sigillarioids  {Sigillaria,  &c.), 
likewise  comprising  comparatively  gigantic  plants,  is  also  usually 
regarded  as  belonging  to  the  series  of  the  Lycopods,  and  is  highly 
characteristic  of  the  Carboniferous  deposits.     The  Equisetacea, 
again,  are  largely  represented  in  Carboniferous  times  by  the  re- 
markable and  widely  distributed  group  of  the  Calamites.  Lastly, 
the  Carboniferous  rocks  have  yielded  the  remains  of  a  large 
number  of  true  Ferns,  which,  in  most  essential  respects,  are  similar 
to  the  existing  types  of  the  group. 

No  unquestionable  Angiosperms  have  hitherto  been  detected  in 
rocks  of  Carboniferous  age,  but  the  Gymnosperms  are  represented 
by  various  Conifers  {Dadoxylon,  Araucarioxylon,  and  Pinites). 

It  is  universally  admitted  that  coal  is  fossilised  vegetable  matter,  and 
also  that,  in  general,  the  vegetation  which  fomied  the  coal  grew  where 
the  coal-seam  is  now  found.  The  problem  of  the  precise  mode  in  which 
the  coal-seams  of  the  Coal-measures  were  formed  is  largely  a  geological 
one,  and  need  not  be  discussed  here.  It  is  sufficient  to  say  here  that 
coal  is  the  result  of  the  bituminisation  of  vegetable  tissues  of  different 
kinds,  different  coal-seams,  or  different  portions  of  a  single  seam,  being 
often  unlike  in  their  precise  structure  or  mode  of  formation.  According 
to  the  researches  of  Sir  William  Dawson,  the  microscopic  examination 
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an  ZilnlrTttZ^:':^^^^^^^^  the  "  n.ineral  charcoal"  of 

tions  of  plants  "    The  !h/n3  .^S  i  '^,^."er  belonging  to  various  descrip- 

Of  £|^^s:iS 

Which  accu.ula?est?he7ondt^d%=;  llS^ft^d^T^^^^^^^^ 

to  Sit  ofTfr '     ^T^'"  °"  "^-^ly  related 

to  that  of  the  Carboniferous.    The  Sigillarioids  appear  now  to  have 

becorne  extinct,  but  the  Lepidodendroids  seemTo  have  survived 
S  ret'esentS  TT  '''' J'T^^  P^"°d,  while  the  Calamites 
No  nnZT.  H  '  g^""^^^^^-'^/^-^^^.  and  die  out  at  this  stage. 

No  undoubted  Permian  Angiosperms  are  known,  but  Conifers  are 
o  erably  abundant.    Of  the  latter  the  genus  F.//./.,  which  survives 

nnnn!'f  Ju"""^  u'^x.  '^^^  TuxodinecB ;  while  Walchia 

connects  the  Yews  with  the  Araucarias ;  and  the  genus  UUmania  is 
ot  interest  as  producing  true  cones. 

As  regards  the  Mesozoic  period,  the  predominant  forms  of  plant- 
life  m  the  Triassic,  Jurassic,  and  Lower  Cretaceous  rocks  are  Cycads 
and  Conifers;  and  the  name  of  "Age  of  Cycads  »  has  sometimes 
been  given  to  the  Mesozoic  period,  as  regarded  from  a  botanical  point 
of  view.  Ferns,  however,  occur  abundantly  in  the  eariier  Mesozoic 
deposits  (Triassic  and  Jurassic  rocks),  and  true  EquisetcB  make  their 
appearance  in  the  Upper  Trias.  The  first  unquestionable  remains 
ot  Monocotyledonous  Angiosperms  present  themselves  in  the  Meso- 
zoic period,  the  Podocarya  and  Kaidacarpmn  of  the  Jurassic  rocks 
appearing  to  be  referable  to  the  Screw-pines  {Pandanacem).  True 
Palms  do  not  appear  till  the  Middle  Cretaceous  period  is  reached, 
but  a  few  remains  of  Dicotyledonous  Angiosperms  have  been 
detected  in  the  Lower  Cretaceous  deposits  of  Greenland. 

While  the  Lower  Cretaceous  rocks  must  be  associated  botanically 
with  the  Jurassic  and  Triassic,  the  Upper  Cretaceous  deposits,  on 
the  other  hand,  are  characterised  by  a  flora  similar  to  that  of  the 
Tertiary  period.  From  the  point  of  view  of  the  pateobotanist, 
therefore,  the  line  of  division  between  the  Mesozoic  and  Kainozoic 
epochs  falls  to  be  drawn  in  the  middle  of  the  Cretaceous  system. 
With  the  coming  in  of  the  Upper  Cretaceous  period,  in  both  the  Old 
and  New  Worids,  a  remarkable  change  .takes  place  in  the  characters 
of  the  plant-life  of  the  land,  the  Cycads  now  assuming  a  position  of 
comparative  insignificance,  while  the  Dicotyledonous  Angiosperms 
undergo  a  great  development  and  become  the  dominant  forms. 
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Not  only  are  the  ordinary  Exogens  now  the  leading  forms  of  plant- 
life  but  many  of  the  Upper  Cretaceous  types  belong  to  genera  now 
existing  We  may  therefore  regard  the  Upper  Cretaceous  period  as 
marking  "the  advent  of  the  modern  flora  of  the  temperate  regions 
of  the  earth"  (Dawson).  It  follows  that  the  Tertiary  floras,  regarded 
generally,  more  or  less  closely  resemble  those  now  in  existence,  this 
resemblance  being  especially  shown  in  the  fact  that  the  predominant 
forms  of  plant-life  are  now  the  Angiosperms,  and,  more  particularly, 
the  Dicotyledons. 
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CHAPTER  LXV. 

algjE  and  fungi. 

The  plants  included  in  the  great  series  of  the  Thallophyta  are 
separable  into  the  two  primary  divisions  of  the  Algce  and  Funn 
and  are  characterised  by  the  fact  that  they  are  composed  of  cells; 
without  true  vascular  tissue.  They  may  be  either  unicellular  o^ 
multicellular  the  organism  in  the  latter  case  forming  an  expansion 
or  thallus  which  is  not  differentiated  into  stem,  leaf,  and  root, 
in  the  lower  Thallophytes  reproduction  may  be  wholly  non-sexual : 
but  in  the  higher  forms  sexual  reproduction  takes  place,  the  result 
being  the  formation  of  a  spore,  or  a  group  of  spores,  or  a  fructifica- 
tion within  which  spores  are  produced. 

Series  I.  Alg^.— The  group  of  the  Algce  includes  unicellular 
or  multicellular  Thallophytes  in  which  chlorophyll  is  developed  in 
larger  or  smaller  quantity.  They  vary  extremely  in  form,  and  are 
for  the  most  part  inhabitants  of  water,  both  fresh  and  salt.  The 
AlgcB  may  be  divided  into  the  following  six  classes,  viz.  :  


Class     I.  Diatomaceae  . 
,,      II.  Phycochromophycse 

III.  Fucaceae 

IV.  Chlorosporeae 
,,      V.  Florideae 

VI.  CharaceEe 


Diatoms. 

Desmids. 

Brown  Sea-weeds. 

Cymopolia,  &c. 

Red  Sea-weeds,  Nullipores. 

Cham  and  Nitella. 


As  regards  the  general  distribution  of  the  A/ga  in  time,  many 
forms  are  quite  incapable  of  preservation  as  fossils,  while  others  can 
only  be  preserved  under  specially  favourable  circumstances.  In 
certain  groups,  however,  the  organism  may  secrete  a  siliceous  en- 
velope, or  its  tissues  may  undergo  calcification,  while  others  become 
encrusted  with  carbonate  of  lime.  Such  forms  readily  admit  of 
petrifaction,  and  unquestionable  remains  of  these  occur  in  the  fossil 
state.    Apart  from  these  undoubted  fossil  A/gce,  numerous  markings 
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and  impressions  in  rocks  of  all  ages,  and  especially  in  the  older 
strata  of  the  earth's  crust,  have  been  regarded  by  palaeontologists  as 
the  remains  of  Sea-weeds.  The  characters  and  probable  mode  of 
origin  of  many  of  these  so-called  "  Fucoids  "  have  been  already  dis- 
cussed in  a  general  way  (see  p.  483  and  pp.  1481,  1482).  It  is  suffi- 
cient to  say  here  that  many  of  the  fossils  in  question  may  be  safely 
regarded  as  not  belonging  to  the  vegetable  kingdom,  but  as  being 
rather  of  the  nature  of  the  tracks  and  trails  of  Worms  or  Molluscs,  or 
the  burrows  of  Annelides  or  Crustaceans  ;  while  others  are  of  purely 
inorganic  origin.  Some  "  Fucoids,"  on  the  other  hand,  such,  for 
example,  as  some  of  the  Tertiary  or  Secondary  fossils  referred  to 
Chondrites,  may  really  be  the  remains  of  Sea-weeds.  Even,  however, 
in  cases  where  there  is  a  reasonable  probability  that  these  so-called 
"  Fucoids  "  are  really  Sea-weeds,  it  is  nevertheless  impossible  to  de- 
termine definitely  to  what  group  of  the  Alga  they  belong,  since  the 
fructification  of  the  plant  is  not  known.  In  the  following  brief 
account,  therefore,  of  the  past  history  of  the  Alga,  only  those  groups 
will  be  treated  of  which  are  of  palseontological  importance. 

Class  I.  Diatomace.?;. — The  Diatoms  are  unicellular  Alga,  in 
which  the  cell-wall  is  hardened  by  the  deposition  of  silica  so  as  to 
give  rise  to  a  glassy  case  or  "  frustule,"  composed  of  two  halves 
which  fit  into  one  another,  and  which  are  often  minutely  sculptured 
with  lines  or  dots  (fig.  1359).    The  cells  may  be  solitary,  or  they 


Fig.  1359. — Types  of  Diatoms,  greatly  magnified,  a,  Naviaila,  from  the  Kieselguhr  of 
Franzenbad  ;  b,  ActinoMychus,  from  Richmond,  Virginia ;  c,  Pinnularia,  from  Santafiora, 
Italy;  d,  Achnanthes,  (rem  Degernfors,  Sweden;  e,  Diatoma,  recent;  f,  Triceratium,  from 
the  guano  of  Saldanha  Bay,  Africa. 


may  be  organically  united  in  rows.  Reproduction  takes  place  by 
the  longitudinal  fission  of  the  cell,  each  of  the  daughter-cells  carry- 
ing off  half  of  the  original  cell-wall,  and  producing  the  missing  half 
afresh,  the  two  halves  of  the  siliceous  case  being  thus  of  different 
ages. 

The  existing  forms  of  the  Diatoms  are  exceedingly  numerous,  and 
have  an  extraordinarily  wide  distribution.  A  few  live  in  moist 
situations,  but  the  majority  are  truly  aquatic,  inhabiting  fresh,  brack- 
ish, or  salt  waters,  peculiar  types  usually  being  confined  to  a  special 
habitat.    By  the  accumulation  of  their  flinty  envelopes  the  Diatoms 


^490  THALLGXPHYTES. 

give  rise,  both  in  the  sea  and  in  fresh  waters,  to  very  extensive 
deposits,  the  general  nature  of  which  is  that  of  a  fine  si  ceou 
sometn..es  arranged  in  thin  lamina.  Of  this  nature  are  the  dep^S^ 
known  as  "  Kieselguhr,"  "  Bergmehl,"  "Tripoli,"  and  <<?W 
sch:efer,  or,  simply,  as  "  Diatomaceous  Earths."  Such  deposits 
may  cover  wide  areas,  and  may  attain  a  very  considerable  thickness 
and,  under  an  erroneous  idea  as  to  their  true  nature,  they  have  been 
sometimes  spoken  of  as  "  Infusorial  Earths." 

As  regards  their  distribution  in  time,  the  cases  of  Diatoms  have 
been  stated  to  occur  in  the  ashes  of  the  coal  of  the  Coal-measures 
but  this  observation  has  not  been  supported  by  subsequent  investi- 
gations. In  the  Middle  and  Upper  Trias  whole  strata  are  some- 
times largely  made  up  of  elongated,  parallel-sided,  siliceous  tubes, 
with  liattened  sides  and  rounded  ends,  which  have  been  described 
under  the  generic  name  of  Bactrynium,  and  which  may  possibly  be 
Diatoms.  If  this  be  their  real  nature,  they  are  comparatively  gigan- 
tic members  of  the  class,  as  they  attain  a  length  of  from  two  to  four 
millimetres.  Leaving  these  problematical  fossils  out  of  sight,  un- 
doubted Diatoms  occur  in  the  Upper  Chalk,  though  only  a  few 
forms  are  known.  The  regular  "  Diatomaceous  Earths  "  are  all  of 
Tertiary  or  Post-Tertiary  age ;  and  among  the  best  known  deposits 
of  this  epoch  maybe  mentioned  the  numerous  beds  of  "  Kieselguhr" 
which  occupy  the  sites  of  ancient  lakes  in  various  regions  in  the 
northern  hemisphere,  the  "Richmond  Earth"  of  Virginia,  the 
"  Tripoli "  of  Oran  in  Africa,  and  Bilin  in  Bohemia,  and  the  lami- 
nated "  Polir-schiefer  "  of  Cassel. 

Class  II.  Phycochromophyce.— The  AlgcB  included  in  this 
class  are  unicellular  or  multicellular,  usually  bluish-green  in  colour, 
and  inhabit  water  or  live  in  moist  places  on  land.  Reproduction 
takes  place  by  cell-division,  or  by  the  formation  of  asexually-produced 
cells  ("  gonidia").  The  integument  is  not  hardened  by  the  deposi- 
tion of  silica  within  it.  In  this  class  are  included  numerous  widely 
distributed  forms  of  the  Algce,  such  as  the  Oscillartce,  the  Nostocs, 
and  the  Desmids.  Owing  to  the  soft  nature  of  their  outer  covering, 
no  undoubted  remains  of  this  class  of  Algcs  have  been  detected  in 
the  fossil  condition  ;  but  remains  of  Nostoc  are  said  to  occur  in  strata 
of  Tertiary  age,  and  the  curious  spherical  and  spined  bodies  which 
are  known  as  Xanthidia,  and  which  are  sometimes  recognisable 
under  the  microscope  in  thin  sections  of  flint  or  chert,  have  been 
supposed  to  be  the  spores  of  Desmids. 

Class  III.  Fucace^e. — This  class  includes  the  common  brown 
Sea-weeds,  and  comprises  forms  which  are  often  of  considerable  size 
and  of  various  shape.  The  thallus  is  often  foliaceous  and  much 
branched,  or  may  be  more  or  less  filamentous.  The  reproductive 
organs  are  developed  in  special  cavities  or  "  conceptacles."  The 


ALGJE. 


inte-ument  is  not  hardened  by  the  deposition  of  hme  or  flint.  Cer- 
t-iin^Tertiary  fossils  have  been  described  by  pateobotanists  as  be- 
longing to  this  group  of  Sea-weeds,  but  the  nature  of  many  of  these 

is  very  doubtful.  .    ,   ■,  u  c 

Class  IV  Chlorospore^.— This  class  includes  a  number  ot 
green  or  olive-coloured  Algs,  which  live  in  the  sea  or  in  fresh  waters, 
Ind  which  reproduce  themselves  by  cell-division  or  by  the  develop- 
ment of  spores  in  special  cavities,  while  swarm-spores  occasionally 
exist  The  only  group  of  this  class  which  attains  sufficient  palseon- 
tological  importance  to  require  special  notice  is  that  of  the  Siphonea 
verticillatm.  This  family  includes  green-coloured  marme  Algae,  in 
which  the  thallus  consists  of  a  single  cell,  which  may  or  may  not  be 
hardened  by  the  deposition  of  carbonate  of  lime  in  its  wall.  The 
single  cell  which  constitutes  the  entire  plant  may  be  of  gigantic  size, 
comparatively  speaking,  and  may  be  simple  or  branched.  At  its 
base  the  cell  sends  out  root-like  prolongations,  by  means  of  which 
it  is  attached  to  foreign  bodies  ;  while  its  ascending  portion  gives 
origin  to  whorls  of  lateral  tubular  processes.  Reproduction  takes 
place  by  the  development  of  swarm-spores  in  special  cavities  or 
chambers.  The  few  living  forms  of  this  family  {Cymopolia,  Neo- 
jneris,  Acetabular ia,  &c.)  are  inhabitants  of  warm  seas;  and  with 
these  must  be  associated  an  extensive  series  of  fossil  types,  which 
have  been  commonly  regarded  as  referable  to  the  Foraminifera  or 
the  Corals,  and  the  real  nature  of  which  was  first  demonstrated  by 
Munier-Chalmas. 

As  above  pointed  out,  the  thallus  of  the  SiphonecB  verticillata 
may  be  simple  or  dichotomously  branched,  and  consists  of  a  single 
axial  cell,  which  is  fixed  to  foreign  bodies  by  root-Hke  basal  exten- 
sions. The  unicellular,  often  divided,  axis  gives  out  at  intervals 
whorls  of  short  tubular  processes  (fig.  1360,  b),  the  point  of  origin 
of  each  whorl  being  commonly  marked  by  a  constriction  of  the  stem. 
In  some  cases  [e.g.^  in  Ovidites  and  Diplopora)  the  primary  whorled 
processes  do  not  subdivide  ;  but  in  others  {e.g.,  in  Cymopolta)  the 
primary  offshoots  (fig.  1360,  c,  c)  divide  again  into  secondary  pro- 
cesses, some  of  which  {b)  are  sterile,  while  others  (a)  are  connected 
with  reproduction.  The  sterile  offshoots  terminate  in  free  extremi- 
ties which  are  often  dilated  and  club-shaped,  and  by  their  apposi- 
tion give  rise  to  a  porous  superficial  layer.  The  fertile  offshoots,  on 
the  other  hand,  constitute  spherical  sporangia  {a),  which  are  wider 
than  the  sterile  processes,  and  are  at  the  same  time  supported  upon 
shorter  stalks. 

In  many  forms,  both  the  axis  and  the  verticillate  processes  derived 
from  it  secrete  a  thick  calcareous  crust.  Where  the  lateral  whorled 
offshoots  are  simple  (as  in  Diplopora),  the  calcareous  crust  has  the 
form  of  a  simple  thickened  cyHnder,  traversed  by  transverse  tubes. 
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tt"s'"4r  OnTh'  '"^I'^'^^^'r '''''''  by  pores  upon 

ne  surface.    On  the  other  hand,  where  there  are  two  orders  nf 

Seed  t^^       "  '  ^°"ble  calcareorcyl  nd  t 

produced,  the  inner  one  corresponding  with  the  axis  and  the  primarv 

aavate  ends  of  the  secondary  processes.  The  spherical  sporanda 
may  also  become  calcified,  and  may  present  themselves  as  rounded 


cnlf"  '36o.--0'?«<7/><7/j3  (=C.  rosanutn),  from  the  Canary  Islands  (Recent),     a  A 

r\l  "^'"'J''  showing  the  divided  thallus  ;  B,  Transverse  section  through  a  seg: 
^rti  e°  r  P.rf  n"?'.!,  '"^  t  "'^°''\  °^  If'^rj;'  Processes,  of  which  some  are  sterile  and  some 
lllinl'.ff  ^  ■>  }l  '^'^'"e^.Yhorl  enlarged  still  further,  showing  the  primary  lateral  processes  (c), 
giving  off  sterile  offshoots  (i),  and  spherical  sporangia  (a).    (After  Schimper  and  Zittel.) 


cavities  in  the  skeleton.  Finally,  the  cylindrical  skeleton  may  be 
composed  of  annular  segments  or  may  be  undivided,  according  as 
the  axial  cell  is,  or  is  not,  constricted  at  intervals.  In  the  former 
case,  the  segments  are  often  readily  capable  of  separation,  and  in 
fossil  examples  often  present  themselves  as  detached  calcareous 
rings. 

When  the  calcareous  skeleton  is  all  that  is  open  to  our  inspection, 
as  in  fossil  specimens,  the  transverse  canals  with  their  superficial 
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pores  corresponding  with  the  lateral  whorled  processes,  may  very 
readily  be  mistaken  for  the  tubes  of  polypes  or  the  chambers  of 
polythalamous  Foraminifera ;  and  the  fossil  forms  of  the  family  were 
until  recently  regarded  as  referable  to  the  animal  kingdom.  It  was 
first  shown  by  Munier-Chalmas  ("  Comptes  rendus,"  tom.  Ixxxv. 
p.  814,  1877)  that  the  supposed  Foraminifera  described  under  the 
names 'of  Dadylopora  and  Ovulites  were  really  referable  to  the  Alga, 
and  that,  along  with  many  other  types,  they  belonged  to  the  group 
of  the  Siphonece  verticillatce.  Paleontologists,  in  fact,  are  now 
acquainted  with  an  extensive  series  of  fossil  forms  of  this  remark- 
able family  of  Alga,  which  not  uncommonly  give  rise  to  very  con- 
siderable rock-masses,  and  thus  become  of  geological  importance. 
The  oldest  type  of  the  Siphonecs  verticillatcR  is  apparently  the  Ccelo- 
trochitcm  of  the  Middle  Devonian  of  the  Eifel ;  though  the  nature 
of  this  fossil  is  not  absolutely  certain.  The  Carboniferous  Limestone 
of  England  also  sometimes  contains  numbers  of  small  calcareous 
cylinders,  with  a  porous  surface,  which  are  probably  referable  to  this 
family ;  but  further  investigation  is  needed  before  this  can  be  posi- 
tively asserted.  It  is,  also,  not  impossible  that  the  organism  de- 
scribed by  De  Koninck  from  the  Carboniferous  Limestone  of  Bel- 
gium, under  the  name  of  Mo?itiailipora  inflata  —  which  likewise 
occurs  in  the  same  formation  in  Britain,  and  sometimes  attains  a 
considerable  size — may  really  be  a  peculiar  type  of  the  Siphonecs. 
Apart  from  the  above,  the  first  undoubted  appearance  of  forms  of 
this  family  is  in  the  Permian  rocks,  in  which  the  genus  Gyroporella 
is  found.  It  is,  however,  in  the  Upper  Trias  that  the  maximum 
development  of  the  Siphonece.  verticillatce  takes  place,  the  limestones 
of  this  period  being  often  essentially  made  up  of  the  cylinders  of 
Gyroporella  and  Diplopora,  as  occurs,  for  example,  in  the  Bavarian 
and  TjTolese  Alps.  Various  forms  of  the  group  also  occur  in  the 
Jurassic  and  Cretaceous  rocks,  while  there  are  numerous  Tertiary 
types ;  but  the  family  is  at  the  present  day  represented  by  but  a  few 
species,  and  the  range  of  these  is  very  limited. 

Among  the  more  important  tj^es  of  the  Siphonea  verticillatce 
which  occur  in  the  fossil  state  are  species  belonging  to  the  genera 
Cytnopolia,  Larvaria,  Dactylopora,  Gyroporella  (with  Diplopora), 
and  Uteria.  In  Cytnopolia  (fig.  1360)  the  thallus  is  branched,  and 
is  covered  with  a  hollow  calcareous  crust,  the  surface  of  which  shows 
close-set  pores.  The  lateral  processes,  sterile  and  fertile,  are  devel- 
oped in  whorls,  separated  by  vacant  nodes.  A  living  species  of  this 
genus  is  found  in  the  seas  of  the  Canary  Islands  and  West  Indies ; 
while  the  calcareous  cylinders  of  fossil  forms  occur  not  uncommonly 
in  the  Eocene  Tertiary,  and  were  originally  described  under  the  name 
of  Dadylopora.  The  genus  Larvaria  is  nearly  allied  to  Cymopolia, 
and  likewise  includes  forms — such  as  L.  eruca  (fig.  1361,  a)  and 
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L.  annulus  (fig.  1361,  b)— which  were  originally  described  under 
the  name  of  Dactylopora.  Existing  forms  of  Larvaria  are  known 
and  fossil  types  occur  commonly  in  the  Eocene  Tertiary,  often  in 
the  form  of  separate  segments  of  the  calcareous  cylinder.  Dactylo- 
pora, as  now  restricted,  includes  Eocene  and  Miocene  types,  and  is 
also  closely  allied  to  Cymopolia.  Gyroporella  (including  Diphpora) 
comprises  types  in  which  the  skeleton  has  the  form  of  a  short  calca- 
reous cylinder  (figs.  1361,  e-g),  from  one  to  six  millimetres  in  dia- 
meter, with  two  or  more  rows  of  pores  on  each  segment  of  the  stem. 
This  genus  begins  in  the  Permian  rocks,  and  is  so  enormously 


Fig.  1361. — A,  Larvaria  {Dactylopora)  eruca  (recent)  magnified  30  diameters,  and  viewed  from 
the  inner  face ;  B,  Larvaria  {Dactylopora)  annulus,  from  the  Eocene  Tertiary,  magnified  40 
diameters,  viewed  in  profile,  and  showing  two  superimposed  rings  ;  c,  The  same  viewed  from 
above  and  similarly  magnified  :  D,  Part  of  the  cylinder  of  Dactylopora  reticulata  (Tertiary), 
viewed  in  profile,  and  similarly  enlarged  ;  e,  Fragment  of  Muschelkalk,  with  tubes  of  Gyroporella 
cylindrica,  of  the  natural  size  ;  F,  Transverse  section  of  a  tube  of  the  same,  enlarged  10  dia- 
meters ;  G,  Vertical  section  of  the  same,  enlarged  12  diameters.  (Figs,  a-d  are  after  Carpenter ; 
figs.  E-G  are  after  Gumbel.) 

developed  in  the  Trias  of  Southern  Germany  and  Switzerland  as  to 
give  rise  to  massive  and  widespread  beds  of  limestone.  A  species 
of  this  genus  also  occurs  in  great  numbers  in  the  Cretaceous  series 
of  the  Southern  Lebanon  Mountains.  In  the  genus  Ovulites,  again, 
the  skeleton  usually  presents  itself  in  the  form  of  a  small,  ovoid  or 
clavate,  calcareous  body,  enclosing  a  single  chamber,  with  regularly 
disposed  superficial  pores,  and  often  perforated  at  both  poles.  Such 
a  body  is  really  a  single  joint  of  the  stem  of  the  original  plant.  The 
species  of  Ovulites  are  found  in  deposits  of  Eocene  and  Miocene 
age.    Lastly,  in  the  genus  Uteria,  the  skeleton  consists  of  branched, 
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cylindrical  calcareous  stems,  which  readily  separate  into  their  compo- 
nent segments.  Each  segment  is  hollow,  with  smooth  or  radiate  y- 
striate  articulating  surfaces  at  its  ends ;  the  inner  and  outer  walls 
being  porous,  and  the  space  between  these  bemg  vacant  The 
detached  segments  of  Uteria  occur  commonly  in  the  Eocene  deposits 

of  the  Paris  basin. 

Class  V.  Floride^.— This  class  includes  a  large  number  ot 
marine  and  a  few  freshwater  Algm,  which  are  in  general  red  or 
violet  in  colour.  The  thallus  is  very  variable  in  form,  and  is  often 
much  branched.  Reproduction  may  be  sexual  or  non-sexual.  In 
the  former  case  fertilisation  is  effected  by  means  of  non-motile 
antherozooids,  the  result  being  the  conversion  of  the  female  organ 
into  a  receptacle,  or  "  cystocarp,"  within  which  spores  are  formed. 
Noh-sexual  reproduction  is  effected  by  means  of  special  cells 
("  tetraspores ")  developed  in  parts  of  the  thallus. 

With  regard  to  their  distribution  in  tiine,  a  few  types  of  the  ordi- 
nary Red  Sea-weeds  {Deksseria,  Spharococcites,  &c.)  have  been  re- 
cognised as  occurring  in  the  older  Tertiary  deposits.  With  these 
limited  exceptions,  all  the  fossil  forms  of  this  class  belong  to  the 
Corallines  and  Nullipores  {Corallinece),  in  which  the  thallus  is  hard- 
ened by  the  deposition  of  carbonate  of  lime.  The  principal  genera 
of  the  family  of  the  Corallines  are  Corallina,  Melobesia,  and  Litho- 
thamnion. 

In  Corallina,  the  thallus  is  erect  and  branched,  and  is  composed 
of  rounded  or  wedge-shaped  calcareous  segments,  which  readily 
separate  from  one  another.  The  fructification  consists  of  "  cysto- 
carps,"  which  are  immersed  and  have  an  aperture  at  their  summit. 
The  "  Corallines "  are  exceedingly  abundant  in  existing  seas,  but 
little  is  certainly  known  of  their  occurrence  in  the  fossil  condition. 
They  are,  however,  stated  to  occur  in  the  Eocene  beds  of  the  Paris 
basin. 

In  Melobesia  the  calcareous  thallus  is  crust-like  and  foliaceous, 
and  is  attached  by  the  whole  of  its  lower  surface  to  foreign  bodies. 
The  superficial  layer  of  the  stony  crust  is  composed  of  minute 
cubical  cells,  but  the  deeper  cells  are  elongated.  The  "cystocarps" 
are  immersed  within  the  thallus,  and  project  above  the  surface  as 
wart-like  tubercles.  Melobesia  has  not  been  clearly  recognised  in 
the  fossil  state,  though  it  is  not  improbable  that  it  will  ultimately  be 
found  to  occur  even  in  the  Palaeozoic  rocks. 

In  connection  with  Melobesia  a  few  words  may  be  said  about  the 
curious  little  calcareous  bodies  known  as  "  coccoliths,"  since  it  has  been 
suggested  by  Carter  that  these  are  connected  with  the  reproduction  of 
Algae  belonging  to  this  genus.  Coccoliths  are  excessively  minute  cal- 
careous bodies,  of  a  discoidal  form,  which  are  found  in  the  mud  of  the 
deep  sea  at  the  present  day,  often  in  great  numbers.    Similar  bodies 
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occur  abundantly  in  the  White  Chalk,  and  Gumbel  has  shown  that  they 
are  present  in  many  hmestones,  even  in  those  of  the  older  Paheozok 
forma  ions  Two  distinct  forms  of  coccoliths  are  known  which  have 
been  descnbed  by  Huxley  under  the  names  of  "  discoHtl?s  "Vd  "^^^^^^^^^ 
iverac^inl  V°T!i^  these  (fig.  1362,  a)  are  minute  calcareous  ^discs, 
averaging  jg^^  to  -^j^  inch  in  diameter,  provided  with  a  raised  rim  on 
one  side  {d  and  c),  and  having  a  central  corpuscle  or  nucleus.  The 


6  r 


Fig.  1362.— Coccoliths  and  coccosphere.  a,  A  "  discolith  "  seen  in  front  view  ;  b  and  c,  "  Dis- 
coUths  viewed  edgeways;  d,  "Cyatholith"  seen  in  front  view,  showing  the  outer  transparent 
zone,  the  inner  granular  zone,  and  the  central  corpuscle  ;  e,  "  Cyatholith"  seen  in  profile;  A  A 

coccosphere.     All  the  figures  are  greatly  magnified.    (After  W.  B.  Carpenter  and  Wj^-iUe 


"  cyatholiths  "  vary  from  to  Q-^jyjj  inch  in  diameter,  and  when  viewed 
sideways  (fig.  1362,  e)  are  seen  to  have  the  form  of  a  shirt-stud,  and  to 
consist  of  two  concavo-convex  calcareous  discs,  of  which  one  is  smaller 
than  the  other  and  is  united  to  the  concavity  of  the  larger  by  a  short 
stalk.  When  viewed  in  front  (d),  the  cyatholith  presents  itself  as  an  oval 
or  circular  body,  composed  of  two  concentric  zones  surrounding  an  oval 
central  corpuscle,  the  inner  of  the  two  zones  being  more  or  less  distinctly 
granular,  while  the  outer  one  is  transparent.  Cyatholiths  occur  in  vast 
numbers  in  the  mud  of  the  deep  sea  in  their  detached  condition,  but  they 
are  also  found  aggregated  into  spherical  masses,  which  may  reach 
inch  in  diameter,  and  are  known  as  "  coccospheres  "  (fig.  1362,  /).  The 
precise  nature  of  the  coccoliths  and  coccospheres  is  at  present  uncertain  ; 
but  it  has  been  suggested  by  Carter  that  the  "  coccospheres "  are  con- 
nected with  the  reproduction  of  species  of  Melobesia. 

The  only  remaining  genus  of  the  CorallinecE  which  demands  con- 
sideration is  Lithothamnion,  under  which  are  included  the  well- 


Fig.  1363. — Lithothamnion  ramosissimum,  a  "Nullipore,"  from  the  "  Leitha-Kalk  "  of  the 
Vienna  basin,  a,  Portion  of  a  mass,  of  the  natural  size ;  i  and  c.  Transverse  and  vertical  sec- 
tions of  the  same  magnified  320  diameters.    (After  Gumbel.) 


known  and  widely  distributed  calcareous  Aigcp.  which  are  commonly 
spoken  of  as  "  Nullipores,"  and  which  are  exclusively  marine  in 
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Fig.  1364.— Section  of  "  Leitha-Kalk 
(Tertiary)    from  the   neighbourhood  ot 
Vienna,  showing  fragments  of  Nullipores 
{^Lithothamnion),   enlarged  three  times. 
(Original.) 


habit.  The  thallus  of  the  NuUipores  is  highly  calcareous  and  of 
stony  hardness,  and  it  may  be  en- 
crusting, botryoidal,  stalactitic,  or 
bushy  in  form  (fig.  1363)-  re- 
gards the  microscopic  structure  of 
the  calcified  thallus,  the  outer  layer 
is  formed  of  hexagonal  or  quad- 
rate cells  of  very  small  size,  while 
the  cells  of  the  interior  are  oblong 
in  shape.  The  fructification  con- 
sists of  "  cystocarps,"  scattered 
through  the  thallus,  and  either  im- 
mersed or  projecting  as  tubercles. 

As  regards  the  distribution  of 
the  genus  in  time,  the  remains  of 
species  of  Lithothamnion  are  found 
in  vast  numbers  in  various  Tertiary 
formations,  often  giving  rise  to 
massive  limestones,  such  as  the 
"Leitha-Kalk"  of  Austria  (fig. 
1364),  the  "  Nullipore-Hmestone  " 
of  Algeria,  and  others.  Remains 

of  Lithothamnion  are  also  found  in  the  Cretaceous  and  Jurassic 
rocks,  and  they  have  been  said  to 
occur  in  rocks  as  old  as  the  Car- 
boniferous Limestone.  The  fossil 
forms  of  Lithothamnion  do  not 
exhibit  any  marked  structural  dif- 
ferences as  compared  with  the  ex- 
isting types  of  the  genus. 

Class  VL  Charace^.  —  This 
class  comprises  a  number  of  fresh- 
water or  brackish-water  Algae,  of  a 
green  colour,  and  remarkable  for 
having  lateral  appendages  corres- 
ponding with  leaves.  The  thallus 
consists  of  a  central  stem  giving 

off  whorls  of  leaves  at  intervals,      ^.     ^    ^     ^      1,  1,  en 

.  .  Fig.  1365. — Part  of  the  thallus  of  C/tara 

which  in  turn  give  off  secondary  yVa^/Z/j  (Recent),  showing  the  reproductive 
1      a   ^  rr*!.  1  J  nrtran^.  enlarered.    b.  Central  Dortion  of  a 

leaflets.  The  male  reproductive 
organ  has  the  form  of  a  spherical 
sac  (fig.  1365,  a),  and  has  been 
sometimes  spoken  of  as  the  "glo- 
bule." The  female  reproductive 
organ  or  "  carpogonium  " — sometimes  spoken  of  as  the  "nucule" 


organs,  enlarged,  b,  Central  portion  of  a 
leaf  with  an  antheridium  («)  and  a  carpo- 
gonium (,s) ;  c,  Crown  of  cells  at  the  ape.v 
of  the  carpogonium  ;  /3,  Sterile  leaflets ; 
P',  Large  lateral  leaflet  near  the  fruit ; 
P",  p",  Leaflets  attached  to  the  base  of  the 
carpogonium.    (After  Sachs.) 
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^'st"f  cen!  '  'Tk''""""^       surrounded  by  a  sheath  of  spirally- 

The  recent  genus  remains  permanently  soft,  and  is  un- 

known in  the  fossil  condition.     On  the  other  hand  the  inteeu 

bonate  of  hme,  and  is  thus  capable  of  preservation  in  the  fossil 

state.  The  fossil  forms  of  the  genus 
CAara  occur  in  the  Triassic,  Juras- 
sic, and  Cretaceous  formations,  and 
are  abundant  in  parts  of  the  Ter- 
tiary series.  In  some  cases  (as  in  the 
chert  of  the  Purbeck  beds)  the  stems 

Fig.1366.— a,CarpogoniumofC/2«ra     are  found  ;    but  the  fruits  or  "  mrnr> 
Tertiary,  enlarged ;  ^,  Carpo-  •    „  lluiLbUr  CarpO- 

gonium  of  c/iara  Medicaginuia  {"  Gy-   gonia    are  more  commonlv  nreserved 

rogonites"),  from  the  Eocene  beds  of     Thpcf.  >,n-,-«  fK^  f„  c      ■     ,,        ,  , 

the  Pans  basin,  enlarged.  (AfterSchim-  ^lese  na\e  tnc  torm  of  Spirally  ndgcd 
^"^"''^'""'■^  or  grooved,  ovoid  or  globular  bodies 

(fig.  1366),  and  the  first  type  dis- 
covered was  described  by  Lamarck  under  the  name  of  "  Gyro- 
gonites."  The  fossil  carpogonia  of  species  of  Chara  are  abund- 
antly found  in  certain  freshwater  deposits,  both  of  Secondary  and 
of  Tertiary  age. 

Fungi. 

The  series  of  the  Fungi,  in  which  the  Lichens  are  now  included, 
comprises  Thallophytes  which  are  closely  allied  to  the  Algce,  but 
which  are  devoid  of  chlorophyll.    Owing  to  the  soft  nature  of  their 


Fig.  1367.— A,  A  lenticular  specimen  of  Archagaricon,  of  the  natural  size ;  B,  Slice  of  the  same 
showing  the  tubes  and  vesicles,  enlarged.    Coal-measures.   (After  Hancock  and  Atthey.) 


tissues,  the  Fungi  can  only  be  preserved  in  the  fossil  state  under 
specially  favourable  conditions.  The  plants  of  this  series  are,  there- 
fore, of  very  small  palseontological  importance,  and  may  be  very 
briefly  dismissed. 


FUNGI. 


1499 


Various  minute  forms  of  Fungi  have  been  recognised  as  occurring 
on  the  leaves  of  fossil  plants,  the  oldest  of  these  bemg  ound  o 
the  leaves  of  Cycads  in  Tnassic  deposits.  The  fossil  leaves  ot 
?ertiary  p  ants  L  very  commonly  attacked  by  these  parasitic  plants  ; 
and  other  minute  forms  have  been  detected  in  amber.  In  other 
cases  the  mycelial  tubes  of  a  Fungus  have  been  preserved  within 
he  woody  sLm  of  a  plant  of  higher  grade  or  the  entire  Fungus 
may  have  undergone  silicification.  Thus,  the  mycelial  tubes  o  a 
Fungus  (Peronosporites)  have  been  detected  m  the  tissues  of  the 
stems  of  Carboniferous  plants.  Messrs  Hancock  and  Atthey  have 
also  described,  under  the  name  of  certam  silicified 

fossils  from  the  Coal-measures  of  Northumberland,  which  they  re- 
gard as  referable  to  the  Fungi.  These  remarkable  fossils  (fig.  1367) 
present  themselves  as  oval,  rounded,  lenticular,  or  irregular  bodies, 
under  an  inch  in  length,  which  appear  on  microscopic  exammation 
to  be  composed  of  irregular,  ramifying,  tubular  filaments,  terminat 

ing  in  rounded  vesicles.  ,     r  i.       1  4. 

Lichens  are  almost  unknown  as  fossils,  no  example  of  these  plants 
having  been  detected  in  any  Palaeozoic  or  Mesozoic  deposit.  A 
few  forms  have,  however,  been  recognised  in  amber,  and  others 
have  been  detected  on  the  bark  of  fossil  trees  in  lignites  of  Tertiary 
age. 


ISOO 


CHAPTER  LXVI. 

SUB-KINGDOM  CORMOPHYTA. 

Series  Bryophyta  and  Pteridophyta. 

Sub-Kingdom  B.  Cormophvta.  —  This  division,  which  includes 
all  other  plants,  can  only  be  distinguished  as  a  whole  from  the 
Thallophyta  by  the  general  presence  of  leaves,  stem,  and  root  •  or 
at  least  by  the  opposition  of  the  stem  and  root.  The  alternation 
of  generations  is  more  regular  than  in  the  Thallophytes ;  a  sexual 
production  of  sporophores,  and  an  asexual  production  of  oophores 
following  in  sequence.  ' 

Series  I.  Bryophyta.— The  first  series  includes  the  Mosses 
and  Liverworts,  which  are  cellular  plants,  with  complete  alternation 
of  generations,  and  without  true  vascular  tissue.  The  spores,  either 
directly,  or  by  the  intervention  of  a  protonema,  give  rise 'to  the 
sexual  generation,  or  oophore,  which  forms  the  main  plant,  in  the 
female  organ  {archegonium)  of  which  arises  the  sporogonium  {sporo- 
phore)  from  which  the  spores  are  asexually  produced.  The  main 
plant  is  therefore  a  sexual  oophore. 

Class  i.  Musci. — In  the  Mosses  the  spore  produces  a  large 
conferva-like  protonema,  from  which  the  plant  (oophore)  arises  by 
lateral  branching,  and  is  differentiated  into  stems  and  leaves  upon 
which  the  sexual  organs  are  formed.  The  class  is  practically  of  no 
palasontological  importance,  and  it  will  accordingly  be  unnecessary 
to  notice  its  divisions.  All  the  fossil  forms  at  present  known  are 
of  Tertiary  age  ;  but  from  the  occurrence  of  a  Jurassic  Beetle  allied 
to  types  which  live  in  moss,  it  is  inferred  that  the  class  is  really 
much  older.  A  number  of  species  have  been  found  in  amber,  most 
of  which  appear  allied  to  existing  European  types ;  and  some  also 
occur  in  the  Miocene  of  Bonn  and  the  Upper  Eocene  of  Provence, 
but  the  absence  of  fructification  renders  their  generic  position  un- 
certain. The  genus  Sphagnum,  or  Peat-moss,  has,  however,  been 
definitely  determined  from  the  Miocene  of  Westerwald. 
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?;fhSrLfr:i  "ed  .o  *e'.Sl.  mer^n,,  organised 

F  \S  rLcealed  one ;  the  oophore,  moreover,  generally  arises 
from   he  °"      nrotonema,  when  present,  bang  ins.g- 

''S,^     HaMk        w*  ,'rep^  aborted  leaves,  are  occa. 

exTs  iirgenu  X^^^  -  -P--"^^^  \'  European  Eocene 
W  Miocene,  and  numerous  /ungermanmace^  have  been  found  m 
amber  f  but  beyond  this  nothing  is  known  of  the  pateontological 

PxS— .-The  Pteridophytes  -  charactered 
by  the  great  vegetative  development  of  the  sporophore,  and  the 
tendency^  to  the%uppression  of  that  of  the  oophore,  or  sexual 
gene  ation.    Their  tissue  develops  fibro-vascular  bundles,  and  there 
is  a  distinct  epidermis.    There  is  also  a  comp  ete  alternation  of 
generations,  the  spore  developing  a  sexual /..^/.«^..-  (oophore), 
from  the  archegonium,  or  female  organ,  of  which  is  sexually  pro- 
duced the  main  plant  or  sporophore,  which  in  its  turn  asexually 
develops  spores  of  one  or  two  kinds  in  organs  termed  sJ>orangta  ; 
the  latter  being  generally  borne  either  on  ordinary  or  specia  ised 
leaves  but  in  fome  cases  on  the  stem.    It  will  be  apparent  from 
this  that  the  main  plant  is  an  asexual  sporophore  corresponding 
physiologically  with  the  sporogonium  of  the  Bryophytes,  while  the 
sexual  prothallium  represents  the  leaf-bearing  plant  of  the  latter. 

The  Pteridophytes— equivalent  to  the  Acrogens  of  older  writers- 
are  of  extreme  importance  to  the  palaeontologist,  since  they  contain 
several  groups  of  entirely  extinct  types ;  and  in  the  earlier  epoch  ot 
the  earth's  history,  when  they  were  not  brought  into  extensive  com- 
petition with  the  Phanerogams,  they  attained  an  importance  both 
in  the  number  of  types  and  in  the  large  size  attained  by  many  of  their 
representatives,  which  entitles  them  to  be  considered  the  dominant 
forms  of  the  Palaeozoic  epoch. 

Class  I.  Filicace^.— The  Ferns  and  their  alUes  have  the  leaves 
highly  developed,  and  frequently  much  branched  in  a  pinnate  man- 
ner; the  sporangia  being  numerous,  and  borne  either  upon  the 
ordinary  or  specially  modified  leaves,  on  which  they  are  usually 
arranged  in  groups  or  sori.  The  class  may  be  divided  into  three 
orders. 

The  leaves  of  Filicaces  may  be  either  simple,  as  in  Glossopteris  (fig. 
1376),  or  pinnate.  Among  pinnate  types  the  pmnation  may  be  simple, 
as  in  Neuropteridium  (fig.  1373),  when  the  leaflets  or  pinnules  are  ar- 
ranged upon  a  single  shaft ;  or  bipinnate  {Neuropteris,  fig.  1371),  when 
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tha.  CA^rop^^^s,  of  the  Keuper  of  m.neX:  ot  r^al^^^^^^^^^^^ 
^  tt  family,  where  the  sporangia  arextlal  as" 

Lias  of  The'  CoT'T  'T'  ^^^^^^^  ^  ^^e  RhLTc Id 

i^ias  of  the  Continent.     Dan^ites  and  Z)««^^/,/c  on  the  other 

EZt7\TttT::'  -  ^he  Cretaceouf 

Permkn  of  /h.  T  [  the  Keuper,  and  probably  also  in  the 
iZZTr    ^       ^'i'.      """^      ^"  the  Rajmahal  stage  of  the 

w  th  the         1    r'^'uf  have  been  confused 

snmVof ^^^^^  ^''^^"^P^^  ^^f^^r^d  to  this  family 
M  5™!,  "f^"'^  ""^"^        /'^^.//m-^.^.    According  to 

Mr  Kidston,  the  ArcAcBop^ertdece  should  probably  be  placed  in  this 

Order  2.  Filices.— In  existing  Ferns  stipules  are  wanting;  and 
there  is  only  one  kmd  of  spores;  so  that  the  sexual  stage  i  not 
reached  till  the  prothallium.  ^ 

Existing  forms  are  classified  by  the  nature  of  their  fructification  •  but 
smce  th.s  IS  generally  unknown  ii  the  earlier  fossil  types  we  are  com- 

.^Z:  f  A^^^  T  'V  '°  ^^'^^t  variation  among  allied  existing 
n.r.n^ '  V/  'Tn^"'  classification  is  more  or  les!  of  an  artificial 

nattue.    It  will  be  convenient  to  follow  Schimpei-'s  plan  of  treating  first 

U    ^^"^1"''"?  ^H""^  to  be  represented  in  a  fossil 

state,  and  then  to  notice  the  forms  of  which  the  position  is  more  or  less 
uncertain,  but  which  are  provisionally  arranged  in  families. 

Existing  Families.— In  the  existing  series  the  family  Osmun- 
dacecB  has  the  paniculate  fructification  borne  on  specialised  leaves, 
which  may  or  may  not  be  like  the  sterile  ones.  The  type  genus 
Os7tiunda,  which  is  mainly  characteristic  of  warmer  regions,  al- 
though represented  in  England  by  the  Royal-Fern,  occurs  fossil  in 
the  Cretaceous  of  Westphalia  and  Greenland,  in  the  Laramie  beds 
of  North  America,  and  in  many  of  the  European  Tertiaries.  An 
allied  form,  from  the  freshwater  deposits  of  Chemnitz,  has  been 
named  Asteroclcena.  In  the  Schizeacece,  which  usually  have  the 
fructification  borne  in  spikes  or  panicles  on  the  lacinice  of  the 
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leaves  the  existing  tropical  genus  Lygodium  occurs  in  Europe  from 
the  Se  aceous  to  the  Miocene,  and  also  in  the  Laramie  beds  of  the 
United  States     The  third  family- ^?/.^V^^^^^«^^^-has  the  sessile 
Xngia  borne  in  naked  sori  upon  the  dorsal  surface  of  ordmary 
eaveT  each  sporangium  having  a  complete  transverse  rmg,  and 
burst  ;g  with  a  longitudinal  slit;  while  the  stem  forms  a  creeping 
tof.    the  exising  tropical  genus  Gleichenia  -  -P--"^^^^^^^^^^^ 
closely  allied  forms  in  the  Cretaceous  of  Greenland  the  Rajmahal 
g  oup^f  the  Indian  Gondwanas,  and  in  the  Lias  of  Verona,  some 
of  which  have  been  separated  as  Gleichenites.    Dtdymosorus,  from 
the  Cretaceous  of  Greenland  and  Saxony,  with  two  son  on  each 
leaflet,  connects  the  preceding  with  Mertensia.    The  latter,  which 
has  two  rows  of  sori  on  each  leaflet,  and  is  now  confined  to  the 
southern  hemisphere,  occurs  in  the  Cretaceous  of  Greenland  and 
Hungary    The  Hymenophyllacea,  or  Film-ferns,  in  which  the  sessile 
sori  are  covered  by  an  indusium,  are  represented  by  one  species  in 
the  Upper  Eocene  of  Provence ;  while  Schimper  has  referred  to  the 
type  genus  Jlyjtienophylhmi  a  Carboniferous  fern.    It  is  probable 
that  some  of  the  SphenopteridecB  are  more  or  less  closely  related  to 
this  family.     The  fifth  {z.m\\^—Cyathecacea—^\(\c\i  includes  the 
tropical  Tree-ferns,  is  of  more  pateontological  importance;  it  is 
characterised  by  the  stalked  sporangia,  situated  in  closely  packed 
sori,  which  may  be  naked  or  covered.    Of  Tree-ferns,  in  which 
there  is  a  tall  stem,  often  covered  with  roots,  and  crowned  with  a 
rosette  of  leaves,  the  existing  Alsophila  is  represented  in  the  Lower 
Eocene  of  Sezanne,  which  also  contains  other  allied  forms.    The  Car- 
boniferous Choroniopteris  should  perhaps  find  a  place  here.   Of  smaller 
forms,  the  genus  Onoclea  (in  which  Schimper  includes  Strut hiopteris) 
is  represented  in  the  Laramie  Cretaceous  and  the  Miocene  of  the 
United  States,  as  well  as  in  the  Eocene  of  the  Isle  of  Mull,  by  the 
existing  O.  sensibilis  of  North  America ;  thus  off"ering  a  remarkable 
instance  of  the  persistence  of  a  specific  type.    The  Mull  form  was 
originally  described  as  Filiates.    The  Laramie  series  also  yields  an 
extinct  species  of  this  genus.    These  ferns,  like  the  following,  have 
the  sporangia  borne  on  specialised  leaves.     Dicksonia,  which  is 
mainly  tropical  and  often  tree-like,  occurs  in  the  European  Keuper, 
and  more  abundantly  in  the  Jurassic,  and  is  also  found  in  the 
Indian  Rajmahal  beds.     Finally,  Thrysopteris,  now  known  only 
by  a  single  species  from  Juan  Fernandez,  is  also  very  common 
in  the  European  and  Siberian  Jurassic  (fig.  1368),  where  it  has 
been  described  as  Coniopteris  and  Tympanophora.     In  addition 
to  the  special  fertile  leaves,  a  few  sori  are  borne  at  the  base  of 
the  ordinary  leaves,  as  shown  in  the  figure. 

Lastly,  we  come  to  the  extensive  family  PolypodiacecB,  which 
includes  the  greater  number  of  European  ferns,  and  is  divided 
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into  several  subfamilies.  The  sporangia  are  very  numerous,  and 
are  borne  on  the  underside  of  usually  unmodified  leaves-  and 
they  split  transversely.  Of  the  subfamilies,  the  Polypodies 
are  perhaps  represented  by  the  typical  Polypodium  in  the  Mio- 
cene of  Switzerland;  Chi- 
lanthes  occurs  in  the  same 
deposits;  while  the  widely- 
spread  Fteris  (Bracken)  is 
found  abundantly  in  the 
Upper  Cretaceous  and  the 
Middle  and  Upper  Tertiaries 
of  Europe,  and  also  in  the 
Laramie  and  Tertiaries  of 
America.  Adiantimi  is  also 
equally  well  represented 
throughout  the  European 
Tertiaries,  and  if  we  include 
in  it  the  so-called  Adiantites, 
it  ranged  down  to  the  Ju- 
rassic. In  the  Aspk?iiece, 
Blechnu7n  (Hard-fern),  distin- 
guished by  having  both  fertile 
and  sterile  leaves,  of  which 
the  latter  are  simply  pinnate, 
occurs  in  the  Continental 
Eocene  and  Miocene.  Cu- 
riously enough,  the  South 
American  genus  Hewardia 
is  found  in  the  Upper  Eo- 

Fig.  X368.- Lateral  branches  of  the  leaves  of  CCnC  of  BoummOUth.  Wood- 
Thrysoptcns  Murray  ana;  from  the  Inferior  Oolite  Wardia,  nOW  represented  bv 
of  Yorkshire.     Enlarged  leaflets,   with    sori,   are      .   ,  .      ^  .  ' 

shown  in  the  lower  figure.  eight  spccics  irom  the  Warmer 

regions  of  the  world,  occurs 
in  the  Pliocene  and  Miocene  of  Europe,  the  species  from  the  for- 
mer, and  perhaps  also  that  from  the  latter,  horizon  being  identical 
with  an  existing  type ;  this  genus  also  occurs  in  the  Miocene  of 
the  United  States.  Asplenium,  which  at  the  present  day  numbers 
some  300  species,  occurs  commonly  throughout  the  European  Ter- 
tiaries, and  is  also  found  in  the  Cretaceous ;  some  of  the  species 
being  allied  to  existing  European  forms,  while  others  are  more 
nearly  related  to  those  of  the  tropics.  It  appears,  moreover,  that 
Ferns  from  the  Jurassic  of  Siberia  and  the  Jurassic  and  Rhaetic  of 
Europe,  described  under  the  name  of  Cladophlebis  and  A/ethopteris, 
are  referable  to  this  genus.  Ferns  of  this  genus  also  occur  in  the 
English  Wealden ;  in  both  the  Lower  (Damuda)  and  Upper  (Raj- 
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mahal)  Gondwanas  of  India;  and  in  -^^^^^  ^ew J^^\^„"^,he''1ast 
correlated  by  Baron  von  Ettingshausen  with  the  Tnas  In  the  last 
subfaS  or  the  Aspidiec^,  the  cosmopoUtan  Asptdmm  and  the 
ISTLastrla  occur  commonly  from  the  Middle  Tertianes  upwards. 

F^fiL  SiLiES.-An  enormous  number  of  Paleozoic  and  Meso- 
zoic  Fems  belong  to  this  series,  but  only  a  few  of  the  more  important 
vTes  can  be  ev'en  mentioned.     The  Sphenopteride.  comprise  a 
number  of  Ferns,  mostly  of  very  delicate  structure,  and  extremely 
difficuh  to  classif;.    They  are  usually  multipinnate,  with  the  pinn^ 
in  some  cases  dichotomous ; 
at  least  the  terminal  leaflets 
are   narrowed  at   the  base ; 
while   all   are  often  lobate, 
and  with  the  veins  dividing 
in  a  pinnate  or  forked  man- 
ner from  the  base.    The  fruc- 
tification of  some  forms  has 
been  described  by  Mr  Kid- 
ston,  and  it  is  suggested  that 
one  or  more  of  the  genera 
may  be  aUied  to  the  existing 
HymenophyllacecR.     Many  of 
the  species  have  exceedingly 
delicate  fronds.    Among  the  Carboniferous  genera  may  be  men- 
tioned Sphenopteris  (fig.   1369),  Calymtnatoiheca,  Zeilleria,  Urna- 
topteris,  in  which  there  are  fertile  and  sterile  leaves,  Oligocarpia, 
Renauliia,  Rhachopteris,  Sphenopteridium,   and  Ere7nopteris  (fig. 
1370).    Of  these,  the  first  ranges  from  the  Devonian  to  the  Lower 
Jurassic  of  Europe,  and  is  also  found  throughout  a  large  part  of  the 
Indian  Gondwanas,  in  the  African  Karoo  system,  in  the  Australian 
Hawkesbury  beds,  in  New  Zealand,  and  the  Palaeozoic  of  the  United 
States.i    Eretnopterts  also  occurs  in  the  Indian  Gondwanas,  and 
ranges  in  Europe  to  the  Permian  ;  and  a  Fern  from  the  Kimeridgian 
of  France  has  been  named  Stenopteris. 

The  family  Archceopteridece  {Palaopteridece)  was  placed  by  Schim- 
per  in  the  present  serial  position ;  but  the  recent  observations  of 
Mr  Kidston  upon  the  type  genus  appear  to  indicate  that  it  should 
be  transferred  to  the  Stipulatse — although,  until  the  necessity  for 
such  transference  be  absolutely  proved,  it  appears  preferable  to 
leave  the  family  in  its  old  position.  The  leaves  are  bipinnate,  and 
both  these  and  the  leaflets  are  usually  stalked ;  the  leaflets  being 
broad  and  often  lobate.    The  type  genus  Archaopteris,  which  has 


Fig.  1369.— Part  of  a  leal  of  Sfihenopieris 
tri/oHata;  from  the  European  Carboniferous. 
(After  Schimper.) 


1  Ferns  from  the  Laramie  beds  and  American  Tertiaries  have  been  referred  to 
this  genus. 
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occur^s'in  r'n"^  known  by  the  preoccupied  name  of  Pal^opteris, 
occurs  m  the  Devonian  and  Carboniferous  of  both  Europe  and  the 
United  States  According  to  Mr  Kidston,  it  has  stipufes  on  he 
leaves,  and  its  fructification  appears  to  consist  of  sporangia  dev^d 
of  annuh,  and  closely  resembling  those  of  the  MarattLc  The 
genus  Anetmeites,  from  the  Devonian  of  Canada,  has  been  placed 
by  Sir  J.  W.  Dawson  and  Mr  Kidston  in  the  same  family;  which  ^s 


also  taken  to  include  Triphyllopteris,  from  the  European  Carbon- 
iferous.   The  latter  genus  has  both  fertile  and  sterile  leaves. 

With  the  important  family  of  the  Neuroptej-idece  we  return  to  the 
consideration  of  true  Filices.  In  this  group  the  leaves  vary  from  a 
simple  to  a  tripinnate  type  ;  the  leaflets  being  either  long  or  ovoid, 
and  often  narrowed  at  the  base,  with  the  midrib  disappearing  to- 
wards the  extremity,  and  the  veins  equal,  and  in  typical  forms  rising 
at  an  acute  angle.  The  genus  Neuropteris  (fig.  1371)  is  a  bipinnate 
type  very  common  in  the  Carboniferous,  but  also  extending  into  the 
Permian  of  Europe.  The  allied  Cydopteris  (which  is  not  admitted 
by  Mr  Kidston  as  a  distinct  genus)  extends  in  Europe  from  the 
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Fig.  lyix.—Ncuropteris  heterophylla  ;  from  the  Coal-measures  of  Europe. 
The  lower  figure  shows  a  single  leaflet  enlarged. 


orbicular  leaflets  resembling  those  of  the  existing  Maiden-hair  fern, 
with  no  midrib,  and  the  veins  numerous  and  dichotomising  as  they 
radiate  to  the  margin. 
The  typical  Carbonifer- 
ous forms,  according  to 
Mr  Seward,  have  pinnate 
leaves,  but  in  the  figured 
Rhsetic  form  referred  by 
Dr  Feistmantel  to  this 
genus  they  are  bipinnate. 
Neuropteridium  (fig.  1373) 
is  a  simply  pinnate  form  occurring  in  the  Lower  Trias  of  Europe, 
and  in  the  base  of  the  Lower  Gondwanas.    Dictyopteris  includes 


Fig.  1372.— Part  of  leaf  of  Cyclopteris  fachyrhachis ; 
from  the  Panchet  stage  of  the  Lower  Gondwanas  of 
India.    (After  Feistmantel.) 
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Carboniferous  ferns  with  a  net-like  venation  as  in  Glossopteris  (fig 
1376).  F inally,  Mr  Kidston  includes  in  this  family  the  simply  pin- 
nate Cardiopteris,  of  the  Lower  Carbon- 
iferous, in  which  the  somewhat  heart- 
shaped  leaves  are  devoid  of  a  midrib. 
The  OdontopteridecB  form  a  well-defined 
family  with  bi-  or  tripinnate  leaves,  in 
which  the  leaflets  are  attached  by  the 
whole  width  of  their  base;  the  leaflets 
are  non-lobate,  with  their  veins  proceed- 
ing wholly  from  the  base,  or  in  part  from 
an  indistinct  midrib.     The  type  genus 


Fig-  1373- —Part  of  leaf  of  Nenrofitcridium  ehxans,  and  two  leaBets  enlarged  • 
from  the  European  Trias.  ' 

Odontopteris  (fig.  1374)  occurs  in  the  Carboniferous  and  Permian, 
the  figured  species  being  common  to  Europe  and  North  America. 


4 


P"ig.  7374. — Part  of  leaf  of  Odontopteris  osnmndaformis ;  from  the  Carboniferous  of  Europe. 

The  bipinnate  Ctenoptei-is  (fig.  1375),  from  the  Rhsetic  and  Lower 
Lias,  has  leaves  curiously  resembling  those  of  the  Cycadaceous 
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Bo'wenia  The  Alethopteridece  are  multi-pinnate  ferns  with  a  strong 
fene  a  resemblance  i  the  existing  Pteris.  and  at  lea^^  1°--  ^[ 
fvhlh  have  a  similar  marginal  fructification  The  leaflets  are 
ItJ^ched  by  their  whole  base,  the  bases  of  adjacent  leaflets  being 
united;  and  the  midrib  is  complete.  Alethoptens,  of  the  Carbon- 
iferous and  Permian,  is  common  to  Europe  and  the  United 
States:  the  Mesozoic  forms  described  under  this  name  having 
been  noticed  under  the  head  of  Asplenium.  Lonchopteris  oi  the 
Carboniferous,  is  distinguished  by  its  net  venation ;  while  we 
have  another  type  in  the  Permian  Callipteris.  Another  multi- 
pinnate  type  is  constituted  by  the  Pecopteridece,  which  agree  with 
the  last  family  in  the  attachment  of  the  leaflets,  with  the  ex- 
ception that  the  adjacent  bases  are  usually  distinct ;  the  midrib, 
although  slender,  continues  to  the  extremity ;  and  the  veins  arise 
less  obliquely  than  in  the  NeuropteridecE.     The  typical  Pecopteris 


Fig  1375'— A  pinna  of  Ctenopteris  cycadea  ;  from  the  Lower  Lias.    The  right-hand  figure 
shows  an  enlarged  pinnule  or  leaflet. 


contains  a  very  large  number  of  species,  some  of  which  are  tree-like, 
from  the  Devonian  and  Carboniferous  of  both  Europe  and  North 
America  ;  and  many  of  which  have  been  referred  to  the  Marattiacea 
under  the  names  of  Asterotheca,  Stichopferis,  &c.,  but  which  Mr 
Kidston  considers  to  be  generically  inseparable.  It  also  occurs  in 
the  Trias  of  Europe,  and  in  Lower  Mesozoic  beds  in  New  Zealand. 
Other  Carboniferous  genera  are  Mariopteris,  Callipteridium,  and 
Dadylotheca.     In  the  Mesozoic  we  have  also  a  large  number  of 
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forms  which  may  be  provisionally  placed  here,  although  it  is  prob- 
able that  at  least  a  moiety  belong  to  existing  families.    One  series 
has  been  named  on  the  evidence  of  sterile,  and  the  other  on  that  of 
fertile  leaves,  and  there  is  accordingly  a  considerable  probability  that 
different  genera  have  been  named  from  a  single  species.    Of  the 
former  series  a  fern  from  the  Keuper  and  the  Panchet  series  of  the 
Indian  Gondwanas  has  been  described  as  Pecopteris  concinna  ;  and 
we  also  have  Lepidopteris  from  the  Rhastic,  Merianopteris  from  the 
Keuper  and  the  Damuda  series  of  the  Gondwanas,  Anoinopteris  of 
the  Keuper,  and  Crematopteris  of  the  Bunter.   In  the  second  series, 
where  the  leaves  consists  of  palmate  branches  on  a  long  stalk,  we 
have  Lacopteris,   Matontdium,   Marzaria,  Atidriana,  &c.  The 
Pachypteridea  are  Mesozoic  ferns,  with  small  leaves,  and  include  the 
Liassic  Dichopteris,  and  the  Oolitic  Sderopteris  and  Stachypteris ; 
Pachypteris  itself  being  a  doubtful  form  probably  based  upon  re- 
mains of  two  of  the  preceding  genera.    The  fructification  of  some 
of  these  Ferns  resembles  that  of  the  existing  tropical  Polypodiaceous 
genus  Onychium,  to  which  they  may  be  allied.     In  the  present 
family  Dr  Feistmantel  would  include  Thmjifeldia,  a  peculiar  genus 
having  thick  leaves,  which  may  be  only  simply  pinnate,  with  lobate 
pinnae  ;  and  occurring  typically  in  the  Rhsetic  and  Lower  Lias,  but 
also  found  in  the  Indian  Panchets,  in  the  reputed  Trias  of  New 
Zealand,  in  the  Hawkesbury  and  overlying  beds  of  Australia,  and 
also  in  Argentina.    The  Lomatopteridece  include  a  few  Mesozoic 
ferns  of  allied  types,  having  thick  fleshy  leaves,  which  are  usually 
simply  pinnate,  with  lobation  of  the  pinnae.    Exclusive  of  the  last- 
named  genus  this  family  contains  Lomatopteris,  extending  from  the 
Bath  Oolite  to  the  Kimeridgian  and  probably  the  Wealden ;  and 
Cycadopteris,  which  ranges  from  the  Lias  to  the  Upper  Jurassic. 

With  the  TceniopteridecB  we  come  to  a  family  easily  recognisable 
by  their  usually  simple  strap-like  leaves  (iig.  1376),  with  a  well- 
developed  midrib,  which  are  curiously  like  those  of  the  Plaintain 

(Musd).  It  may  be  di- 
vided  into  two  subfami- 
lies, according  to  the 
venation.  In  the  first 
subfamily,  with  a  normal 
venation,  Ta?ttopteris  is 

Fig.  1376.— Leaf  of  Glossopteris  reti/era;  from  the  Lower     represented     by     B.  feW 
Gondwanas  of  India.    Reduced.    (After  Feistmantel.)       European       and  North 

American  Carboniferous 
species,  and  also  occurs  in  the  Trias  of  Europe  and  New  Zealand. 
The  allied  Macrotceniopteris  comprises  some  very  large  ferns,  rang- 
ing in  Europe  from  the  Keuper  to  the  Lower  Lias,  and  doubtfully 
to  the  Inferior  Oolite,  while  it  occurs  in  India  in  both  the  Upper 
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and  Lower  Gondwanas,  and  is  also  found  in  New  Zealand  and 
\ustralia.    Palmovitiaria  seems  peculiar  to  the  Damuda  series  of 
ihe  Lower  Gondwanas.    Oleandridium  has  stalked  leaves  differing 
somewhat  in  their  venation  from  the  preceding,  and  is  considered 
to  be  allied  to  the  existing  Oleandra  among  the  Aspidiece;  it  occurs 
in  the  European  Mesozoic  and  the  Panchets.    Angioptertdium  and 
Marattiopsis  are  distinguished  by  a  simple  pinnation  of  the  leaves  ; 
the  former  occurring  in  the  Damuda  series  of  the  Gondwanas,  and  the 
latter  in  the  European  Carboniferous.    The  genus  Glossopteris  (fig. 
1-276)  is  the  only  representative  of  the  second  subfamily,  and  is 
distincruished  by  its  net-like  venation,  retaining,  however,  the  well- 
marke°d  midrib  characteristic  of  the  family.    It  is  extremely  abun- 
dant in  the  Indian  Gondwanas,  ranging  from  the  Talchir  to  the 
Upper  Jurassic  Jabalpur  stage,  and  is  also  met  with  in  the  Hawkes- 
bury  beds  of  Australia,  in  the  upper  part  of  the  African  Karoo 
system,  in  the  Cretaceous  of  Russia,  and  in  beds  of  unknown  age 
in  Italy.    Finally,  the  GangamopieridecB  ^  include  Ferns  with  a  net 
venation,  in  which  the  leaves  are  subject  to  great  variation  in  shape, 
but  may  be  digitate  or  fan-like,  and  devoid  of  midrib.    There  is 
one  division  with  simple,  and  another  with  compound  venation.  In 
the  former  we  have  Gangamopteris,  ranging  throughout  the  Lower 
Gondwanas  and  also  found  in  the  Bacchus-Marsh  beds  of  Victoria ; 
and  Belemnopteris  of  the  Damudas ;  both  being  probably  allied  to 
the  Polypodiacea.    In  the  second  group  Camptopteris  occurs  in  the 
Keuper ;  Dictyophyllum  ranges  from  the  Rhaetic  of  Germany  to  the 
Cretaceous  of  Greenland;  while  Clathropteris  is  confined  to  the 
Rhsetic,  and  Protorhipis  to  the  Lias. 

Fern-stems. — Omitting  a  few  fossil  Ferns  of  uncertain  affinities, 
brief  reference  must  be  made  to  a  few  types  of  large  size  described 
upon  the  evidence  of  portions  of  the  stem,  but  which  cannot  at 
present  be  definitely  classed.  Of  these  Megaphyton,  from  the  Car- 
boniferous of  Europe  and  the  United  States,  is  founded  on  trunks 
of  Tree-ferns,  which  bore  their  large  leaves  in  a  row  on  either  side 
of  the  stem,  and  which  Sir  J.  W.  Dawson  considers  very  unlike  any 
existing  type.  Psaronius — a  type  common  to  the  Old  and  New 
Worlds,  and  mainly  of  Devonian  age — is  founded  on  trunks  of 
Tree-ferns  marked  by  alternate  leaf-scars,  which  are  usually  sur- 
rounded by  aerial  roots  like  those  of  many  existing  forms.  Caul- 
opteris,  which  is  likewise  found  in  both  Europe  and  North  America, 
is  characterised  by  its  vertically  elongated  leaf-scars.  It  ranges 
from  the  Carboniferous  to  the  Permian ;  but  at  least  some  of  the 
forms  described  under  the  name  of  Piychopteris,  which  extends 
upwards  to  the  Trias,  are  not  generically  separable.  Protopteris,  of 
the  Cretaceous  of  Europe  and  Greenland,  is  another  large  form, 
1  Usually  termed  Dictyopterida,  but  not  including  DictyopUris  (p.  1507). 
VOL.  II.  2  R 
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Characterised  by  the  bases  of  the  leaf-stalks  remaining  attached  to 
the  scars,  as  in  many  recent  Tree-ferns.    Other  forms  are  Cyath^o- 
pteris  of  the  Bunter,  and  Thamnopieris  ranging  from  the  Permian 
to  the  Keuper;  the  latter  having  persistent  leaf-stalks.  Finally 
Khizomopteris  of  the  Carboniferous,  and  Sphallopteris  of  the  Bunter 
are  based  on  specimens  generally  regarded  as  rhizomes  of  large 
■  creeping  ferns.    The  genus  Palaopteris,  from  the  Carboniferous 
which  was  long  considered  to  be  a  fern,  is  named  from  a  specimen 
which  appears  to  be  the  stem  of  one  of  the  Cordaitea. 

Order  3.  Rhizocarpe/e.  —  The  Rhizocarps  are  distinguished 
from  the  Ferns  by  the  development  of  two  kinds  of  spores  termed 
macrospores  and  microspores.  Their  young  shoots  may  be  either 
straight,  or  circinate  as  in  Ferns  and  Psilophyton  (fig.  1378). 

Although  the  macrospores  and  microspores  are  true  spores  as  de- 
veloping plants  without  fertilisation,  yet  they  may  be  regarded  as 
incipient  sexual  elements,  and  thus  throwing  back  the  sexual  differen- 
tiation to  an  early  stage.  Thus  the  microspores,  or  male  elements 
develop  only  male  prothallia,  which  produce  antheridea ;  while  the 
macrospores,  or  female  elements,  develop  female  prothallia,  which  pro- 
duce only  archegonia. 

The  four  existing  genera  of  this  order  are  aquatic  plants,  which 
may  be  simply  floating,  or  may  have  a  creeping  rhizome.  Of  the 
Salviniacece  the  rootless  genus  Salvinia  is  represented  in  the  Upper 
and  Lower  Miocene  of  the  Continent,  and  also  in  the  Laramie  and 
higher  beds  of  America.  Of  the  two  existing  genera  Pilularia  (Pill- 
worts)  and  Marsilia,  constituting  the  family  Marsiliacece,  it  is  prob- 
able that  a  species  of  the  former  occurs  in  the  Upper  Miocene  of 
(Eningen,  while  Marsilia  is  recorded  from  the  Miocene  of  Oregon 
in  the  United  States,  and  also  from  the  Lower  Miocene  of  Ronzon 
near  Puy-en-Velay.  It  has  been  suggested  that  Sagenopteris,  ranging 
in  Europe  from  the  Rhsetic  to  the  Lower  Jurassic,  and  also  oc- 
curring, together  with  the  allied  Daciylopteris,  in  the  Damudas  of 
India,  may  be  more  or  less  closely  allied  to  the  Marsiliacece.  They 
are  plants  of  considerable  size,  with  long-stalked  leaves  terminating 
in  a  palmate  expansion  of  four  or  more  members.  Marsilidium,  of 
the  Wealden,  has  also  been  referred  to  the  same  family. 

Sir  J.  W.  Dawson  considers  that  in  the  early  Palaeozoic  the  char- 
acters afterwards  separated  in  the  Club-mosses,  Horse-tails,  and 
Ferns  were  united  in  the  Rhizocarps,  and  it  will  accordingly  be 
convenient  in  this  place  to  notice  certain  Palaeozoic  plants  ap- 
parently more  or  less  closely  allied  to  the  Rhizocarps,  some  of 
which  should  probably  be  included  in  the  same  order,  while  others 
may  be  intermediate  types  connecting  that  order  with  the  Equi- 
setaceae  and  Lycopodiacese.  In  the  first  place,  as  previously  noted 
(p.  1484),  certain  spherical  bodies  known  as  Sporangites  occurring 
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in  the  Devonian  and  Carboniferous  of  North  America  and  Europe, 
are  regarded  by  Sir  J.  W.  Dawson  as  macrospores  or  sporocarps  of 
Rhizocarps,  under  the  name  of  Frotosalvinia.  Better  known  is  the 
genus  Sphejiophyllum  (fig.  i377).  likewise 
occurring  on  both  sides  of  the  Atlantic, 
and  ranging  from  the  Ordovician  to  the  Car- 
boniferous, which  many  authorities  now  agree 
in  provisionally  placing  in  this  order,  although 
others  w&uld  refer  it  to  the  Equisetacese. 
They  were  small  plants  with  wedge-shaped 
leaves  arranged  in  regular  whorls,  after  the 
manner  of  the  existing  Marsilia.  Another 
type  which  is  regarded  by  Dr  Feistmantel  as 
closely  allied  to  the  preceding  is  Trizygia, 
known  by  a  single  species  from  the  Lower  ,J;?i,JJ";,-,^,Tl,«7^from 
Gondwanas  of  India.    These  plants  (if  com-        Devonian  of  Canada. 

.  11       •  1         1       1        Enlarged   and   natural  size. 

plete)  are  comparatively  small,  with  a  slender  (After  Dawson ) 
stem  bearing  incomplete  whorls  of  wedge- 
shaped  leaves ;  each  whorl  occupying  only  three  sides  of  the  stem, 
and  consisting  of  six  leaves  arranged  in  three  dissimilar  pairs.  They 
were  probably  aquatic. 

Here  also,  according  to  Sir  J.  W.  Dawson,  should  be  placed  the 
genus  Ptilophyton  (fig.  1378),  which  appears  to  be  most  nearly 


Fig-  1378. — Ptilophyton  jtlumosiim  :  from  the  Lower  Carboniferous  of  Nova  Scolia. 
The  right-hand  figure  shows  a  portion  magnified.    (After  Dawson.) 


allied  to  the  Rhizocarps.  The  genus  ranges  in  North  America  from 
the  Middle  Devonian  to  the  Lower  Carboniferous,  and  is  also  found 
in  the  Old  Red  Sandstone  of  Scotland.  These  organisms,  which 
have  been  referred  to  the  Algee  and  Lycopodiaceas,  are  composed 
of  feather-like  leaves,  apparently  bearing  macrospores  on  parts  of 
the  stem  or  petioles.    They  are  considered  to  have  been  of  aquatic 
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Fig.  1379.  —  A  leaf- whorl 
of  Protammlarici  Harknessi ; 
from  the  Ordovician  of  the 
North  of  England. 


which  are  reduced  to 


habits,  the  linear  pinnte  of  the  leaves  acting  as  floats  Finally 
there  remains  for  consideration  the  imperfectly-known  plants  from 
the  Ordovician  (Arenig  beds)  of  England  to  which  the  hybrid  name 
Protannularia  has  been  given ;  and  which  were  originally  referred 

to  the  Thallophytous  genus  Buthotrephis. 
They  consist  of  slender  branching  stems 
bearing  at  intervals  whorls  of  linear  leaves 
(fig-  1379).  somewhat  resembling  those  of 
the  Equisetacese,  to  which  class  they  may 
be  more  or  less  closely  allied. 

Class  II.  Equisetace^.  —  With  this 
group  we  come  to  a  small  class  now  repre- 
sented by  only  a  single  genus  with  species 
of  comparatively  small  size,  but  which  in 
the  Paleozoic  contained  numerous  forms  of 
large  dimensions,  and  occupying  an  import- 
ant position  in  the  contemporary  vegetation. 
The  class  may  be  briefly  characterised  by 
the  rudimentary  condition  of  the  leaves, 
small  sheathing  whorls,  borne  either  on  the 
stem  or  on  branchlets  also  arising  in  whorls  from  the  joints  of 
the  barren  stem.  The  sporangia,  which  produce  only  one  kind  of 
spores,  are  borne  upon  specially  modified  leaves  forming  a  terminal 
spike  to  the  main  stem  (fig.  1381,  a),  there 
being  distinct  fertile  and  barren  stems. 

The  existing  family  Equisetea  comprises 
small  forms,  characterised  by  their  perennial 
rhizome,  from  which  the  annual  stems  arise. 
The  single  existing  genus  Equisettwi  (Horse- 
tails) occurs  in  most  parts  of  the  world,  with 
the  exception  of  Australasia ;  and  seems  to 
have  commenced  in  the  Lower  Keuper,  where 
species  of  much  larger  size  than  their  existing 
analogues  are  met  with ;  and  from  this  period 
representatives  occur  throughout  most  of  the 
European  Mesozoic  and  Tertiary  strata  and 
also  in  some  of  those  of  North  America,  and 
in  the  Lower  Mesozoic  of  New  Zealand.  The 
Carboniferous  Equisetites  seems  to  have  been 
an  allied  genus. 

The  extinct  family  Schizonetirece  is  typically 
represented  by  the  genus  Schizoneum  (fig. 
1380),  which  occurs  throughout  the  European  Trias,  and  perhaps 
also  in  the  Jurassic,  and  in  the  Lower  Gondwanas  of  India.  Ac- 
cording to  Dr  Feistmantel,  these  plants  are  characterised  by  the 


Fig.  1380. — Schizoneura 
gondivanensis ;  from  the 
Damuda  series  of  India. 
Much  reduced.  (After  Feist- 
mantel.) 
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sheaths  found  at  the  joints  of  the  stalks,  which  in  an  early  stage  of 
development  consist  of  a  number  of  leaflets,  with  median  vems,  and 
attached  by  their  margins.  In  the  course  of  development  these 
sheaths  split  either  into  thin  component  leaflets,  or  more  frequently 
into  two  equal  and  opposite  portions  (as  in  the  figure),  which  thus 
simulate  paired  leaves.  The  stems  and  stalks  are  longitudinally 
ribbed.  Fhyllotheca,  which  occurs  in  Europe  from  the  Lias  to 
the  Lower  Jurassic,  in  the  Lower  Gondwanas  of  India,  and  the 
Newcastle  beds  of  Australia,  seems  to  be  more  nearly  allied  to 
Eqiusetum,  but  is  placed  by  Schimper  in  this  family.  The  joints 
of  the  stem  are  of  moderate  length,  and  the  outer  surface  is  fluted ; 
while  the  leaves  are  linear,  and  free  at  their  extremities,  but  at 
the  base  are  united  in  a  sheathing  whorl,  which  may  be  longer 
than  the  joints  of  the  stem.    Each  leaf  has  a  midrib. 

With  the  Calaniitea  we  come  to  another  extinct  family,  which  is 
confined  to  the  Palaeozoic,  and  contains  the  largest  representatives 


Fig.  1381.  —  Restoration  of         Fig.  1382.  —  Leaves  and  branchlets  of  Calamites  raviosus 
Catamites,   greatly  reduced.      (/lj^(;r<vi/2j'/if/i;«y;)//Ma);  from  the  Carboniferous  of  England. 
A,  C.  Suckouiii;  B,  C.  Cistii.      Reduced.    (After  Lindley  and  Hutton.) 
(After  Dawson.) 

of  the  class,  some  of  the  species  probably  attaining  a  height  of 
about  30  feet.  Their  stems  are  tall  and  cylindrical,  with  a  hollow 
pith-cavity  divided  into  sections  by  diaphragms,  and  bearing  at 
the  joints  either  whorls  of  needle-like  leaves  (fig.  1381,  b),  or 
branchlets  carrying  secondary  whorls  of  leaves  (fig.  1381,  a).  In 
transverse  section  these  stems  show  radiating  bundles  of  fibres, 
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™Z  tfeem  g-'  ™da.io„  of  struc. 

nof.  ^ne  amerent  forms.  The  base  of  the  stem  generallv  tprmi 
nates  .„  a  blunt  point  (fig.  ,38,),        it  n,ay  be  aSed'toThe 

rhizome,  or  several  stems  may  spring 
from  a  common  stock,  as  in  the 
restoration  figured.    The  roots  are 
cyhndncal,  and  may  be  branching. 
There  has  been  great  confusion  in 
regard  to  the  determination  of  Cal- 
amites  owing  to  the  difficulty  of  re- 
ferring fruits,  leaves,  and  roots  to 
their  respective    stems;   and  also 
owmg  to  the  fact  that  while  in  some 
cases  the  entire  stem  is  preserved, 
in  others  only  a  cast  of  the  pith- 
cavity  remains.     According  to  Mr 
Kidston    the   well-defined  genera 
based  on  stems  are  Calamites,  rang- 
ing from  the  Carboniferous  to  the 
Permian  ;  Calatnodadus  and  Astero- 
calamites,  of  the  Devonian  and  Car- 
boniferous ;  and  Arthropitys,  of  the 
Permian.     At   least   some  of  the 
specimens  to  which  the  names  An- 
nularia  and  Asterophyllites  (fig.  1382) 
have  been  applied  are  branchlets  of 
Calamites.    Fruits  of  Asterocalamites 
have  been  described  as  Pothocites ; 
while  others  known  as  Stachannularia 
have  been  found  attached  to  the 
branchlets    of    Annidaria.  Other 
fruits  described  as  Volkmanma,  Cal- 
amostackys,    and   Macrostachya  are 
probably  likewise  referable  in  many 
instances  to  Calamitece,  although  it 
has  been  suggested  that  some  may 
belong   to    Sphenophyllum.  Roots 
known   as   Pinnularia   have  been 
Fig.  1383.— Part  of  stem  of  Calamites  found   attached   to   Calamttes,  but 

cannce/onnis :  from  the  Carboniferous  of  r  •  i  ■  ,      ,  ■ 

Europe.  Reduced.  some  01  the  specmicns  to  which  this 

name  has  been  applied  may  belong 
to  other  plants.  There  has  been  considerable  discussion  as  to  the 
nature  of  the  outer  surface  of  the  bark  of  Calamites,  but  it  appears 
from  the  most  recent  observations  that  in  species  with  thin  bark 
this  surface  was  fluted,  while  in  those  with  thick  bark  it  was  smooth. 
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A  large  number  of  synonyms  in  addition  to  those  f^ady  men- 
tioned have  been  made ;  among  which  it  may  be  observed  that 
Mr  Kidston  includes  Asterophyllum,  or  Asterophylhtes,  and  Archceo- 
calamites  in  Asterocalamites;  while  Calamodeti- 
dron  is  regarded  as  inseparable  from  the  type 
genus.    Calamitem  occur  both  in  Europe  and 
North  America,  but  are  unknown  in  India  and 
Australia. 

According  to  Sir  J.  W.  Dawson,  "  it  would  seem, 
from  the  manner  in  which  dense  brakes  of  these 
Calamites  have  been  preserved  m  the  coal-forma- 
tion of  Nova  Scotia,  that  they  spread  over  low 
swampy  flats,  and  formed  fringes  on  the  seaward 
side  of  the  great  Sigillaria  forest.  In  this  way  they 
no  doubt  contributed  to  prevent  the  invasion  of  the 
areas  of  coal  accumulation  by  the  muddy  waters  of 
inundations,  and  thus,  though  they  may  not  have 
furnished  much  of  the  material  of  coal,  they  no 
doubt  contributed  to  its  purity." 

Here  may  be  noticed  the  remarkable  jointed 
stem-like  bodies  known  as  Vertebraria,  which 
are  generally  regarded  as  Equisetaceous,  and 
occur  throughout  the  Lower  Gondwanas  of 
India,  and  are  also  found  in  the  Newcastle  beds 
of  Australia.    These  peculiar  bodies,  which  are 
often  branched,  and  may  be  of  considerable  size,  are  regarded  as 
the  rhizomes  of  an  Equisetaceous  plant  of  which  the  foliage  is 
unknown.    Their  association  in  India  with  Schizoneura  is  note- 
worthy. 

Class  III.  Lycopodiace^. — The  third  and  last  class  of  the 
Pteridophytes,  known  as  Lycopodiacese  or  Dichotomese,  is  now 
represented  by  the  Club-mosses  and  Selaginellas,  and  also  includes 
a  number  of  allied  extinct  types  of  much  larger  dimensions.  These 
plants  are  characterised  by  a  simple  or  branched  stem,  without  joints, 
usually  having  roots,  and  bearing  numerous  small  and  simple  leaves  ; 
while  the  branches  of  the  stem  and  frequently  of  the  roots  divide 
dichotomously  (fig.  1387).  The  sporangia  are  solitary,  and  borne 
either  upon  the  upper  surface  of  the  base  of  the  leaves,  or  in  the 
axils  of  the  latter,  or  simply  upon  the  stem.  The  class  may  be 
divided  into  two  orders. 

Order  i.  IsospoREiE. — The  Club-mosses,  which  are  the  existing 
representatives  of  this  order,  are  characterised  by  producing  only 
one  kind  of  spores,  and  by  the  absence  of  ligulce,  or  membranes  at 
the  base  of  the  leaves,  as  well  as  by  certain  other  points  which 
need  no  mention  here. 

The  earliest  plant  referred  to  this  order  is  Fsilophyion,  which  is 


Fig.  1384. — Lower  ex- 
tremity of  stem  of 
Calamites  cannie/onnis  ; 
from  the  European  Car- 
boniferous. Reduced. 
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Fig.  1385.— Circinate  terminations  of 
young  branches  of  Psiloihytoti  *rin- 
ceps.    (After  Dawson.) 


regarded  by  Sir  J  W.  Dawson  as  forming  a  connecting  link  between 
the  Rhuocarps  and  the  Lycopods,  and  probably  forms  the  type  of 

a  distmct  family,  the  Psilophytecc. 
This  genus,  with  which  Haliserites  is 
identical,  occurs  in  the  Lower  De- 
vonian of  both  Europe  and  the 
United  States,  and  is  a  plant  of 
more  than  average  interest.  It  at- 
tains considerable  dimensions,  and 
has  minute  or  rudimental  leaves, 
which  are  numerous  and  spirally 
arranged  on  the  barren  stems,  but 
are  sparse  or  absent  on  the  fertile 
.        ,  ones.     On  decorticated  stems  their 

pomt  of  attachment  is  represented  by  minute  scars.  The  young 
branches  have  circinate  terminations  (fig.  1385),  like  the  "crosiers" 
of  Ferns  ;  while  the  rhizomes  are  circular,  and  show  irregularly  placed 

areolae,  to  which  the  roots  were  attached. 
The  inner  structure  of  the  stem  consists  of 
an  axis  of  scalariform  tissue,  surrounded  by 
cells.  Finally,  the  fructification  (fig.  1386) 
consists  of  naked  oval  sporangia,  generally 
borne  in  pairs  on  lateral  or  terminal  pedi- 
cels, which  are  regarded  by  Sir  J.  W. 
Dawson  as  making  the  nearest  approach  to 
the  sporocarps  of  the  Rhizocarps.  Arthro- 
stigjtia,  from  the -Devonian  of  Canada,  is 
placed  by  the  same  authority  in  this  family. 

The  three  existing  families  of  the  order — 
viz.,  LycopodtecB,  Fsilotea,  and  Phylloglossecs 
— are  of  but  little  palaeontological  import- 
ance; the  last  two  being  unknown  in  a 
fossil  condition.  Lycopodium  occurs  in  the 
Jurassic;  while  in  the  Permian,  Carbon- 
iferous, and  Upper  Devonian  there  occur 
allied  forms  for  which  the  name  Lycopo- 
dites  has  been  proposed.  The  Devonian 
L.  Milleri  is,  however,  a  Psilophyton. 
Lycopodites  also  occurs  in  Lower  Mesozoic 
beds  in  New  Zealand. 

Order  2.  HEXERospoREyE  (Ligulat^). 
— This  order,  now  represented  by  Selagi- 
nella  and  Iso'etes,  is  distinguished  by  developing  two  kinds  of  spores 
— viz.,  macrospores  and  microspores— and  by  the  presence  of  ligulfe 
to  the  leaves.    In  both  the  prothallium  is  developed  within  the 


_  Fig.  1386. — Reduced  restora- 
tion of  Psilophyton  princess ; 
from  the  Lower  Devonian  of 
Canada.    (After  Dawson.) 
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macrospore  :  thus  almost  suppressing  the  first  or  sexual  generation. 
mTriy  in^l-des  only  the  living  genus  Se/ag.^eUa, 

which  s  maini;  characteristic  of  the  warmer  regions,  and  especially 
of  Se  southern  hemisphere.    The  stem  is  flattened,  with  two 


Fig.  iiiT—Lepidodendron  Sternbergi;  from  the  Carboniferous.    The  left-hand  figure 
shows  a  cone,  and  the  right  the  extremity  of  a  branch. 

opposite  rows  of  leaves,  which  are  often  of  a  glaucous  hue,  and 
the  fruit  is  in  the  form  of  long  spikes,  arising  from  the  axils  of 
the  leaves.  It  is  considered  probable  that  this  genus  is  represented 
in  the  Coal-measures  of  the  Continent  by  species  which  have  been 
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s«LT„VN„.t&"'  '  ""O-^-^'y  occurs  in  .he  Laramie 

With  the  Lepidodendrecc  we  come  to  the  fir«(-      fi,^  . 
amilies  of  the  order,  which  contain^s  li^:^t^.  ll^ZS^^i 
the  Upper  Devonian  and  Carboniferous.    These  were  tr^^  1  S 7 

'    o'ften  :f  ^^"^^^-^^^"^^  -h-h  Lave  rhoX^^^^^  ^c^a^: 

often  very  prominent,  at  their  point  of  attachment  to  the  d  choto 
mously-branching  stems.    The  fruit  is  in  the  form  of  scaly  ones" 

or  SaraTd^r  "^T^T^  ^^^^^  ^e  eithTrtrmmS 
or  la  eral,  and   he  young  branches  have  a  pith-cavity,  surrounded 

the  thi  Jkh"  Vr':r'T"  "^^^^  ^^"^^        P----  through 

types,  the  different  portions  of  these  trees  have  received  distinct 
genenc  names.  Thus  the  decorticated  stems  have  been  named 
^norna,  frui  ing  branches,  Ifa/on/a,  and  cones  (fig.  1388)  Zl 
dostro  us,  while  at  least  some  of  the  roots  known  Julia  $1 

1392)  are  referable  to  the  present  family.    According  to  Sir  T  W 
Dawson,  there  is  considerable  difference  in  the  mode  of  growth  of 
the  outer  surface  in  different  members  of  the  family. 

the'nrocesTnf  ^11^  species  the  areoles,  at  first  close  together,  become,  in 
tne  process  of  the  expansion  of  the  stem,  separated  by  interveninsr  soaces 

senarateH  ^h^'^^'.^ ^  '      ^^at  in  old's temsTwhSI 

separated,  they  still  retain  their  arrangement,  while  in  youAg  stems  they 
^^^^^^^^^^  are  quite  close  to  one  another.    This  is 

^^^^^^^^^^^^h     J"  species  the  leaf-scars  or^bases 

^^^^P^^^^^^^^    mcrease  in  size  in  the  old  stems,  still  re- 
^^^^^r^^^0^^^W     t^'"^"&  their  form  and  their  continuity  to 
^^^^^^^^^^0^      one  another,  as  in  L.  tmdulatum,  and 
Fig.i388.-ConeofaLepidodendroid  ^^^^^  have  large  leaf-bases. 

"Yree^iLepidostrobusDabadianus);  from  lu  tnese  species  the  Continued  vitality  of 
'^^  Cf.'l°"if;™us.  One-third  natural  the  bark  is  shown  by  the  occasional  pro- 
s.ze.  (After  Sch.mper.j  ^uction  of  lateral  Strobiles  [cones]  on  large 

„   ,    .       .  ^       .  branches,  in  the  manner  of  the  modern 

Ked-pine  of  Amenca.  In  other  species  the  areoles  neither  increase  in 
size  nor  become  regularly  separated  by  growth  of  the  intervening  bark  ; 
but  in  old  stems  the  bark  splits  into  deep  furrows,  between  which  may 
be  seen  portions  still  retaining  the  areoles  in  their  original  dimensions 
and  arrangement." 

The  majority  of  the  genera  are  common  to  Europe  and  the 
United  States,  and  some  of  them  occur  in  other  parts  of  the  world, 
as  in  the  Palaeozoic  of  Australia,  and  the  /;//ra-Karoo  series  of  South 
Africa.  The  type  genus  Lepidodendron  contains  a  number  of  species 
with  a  most  complex  synonomy,  and  is  characterised  by  its  vertically 
elongated  leaf-scars  and  slender  branches.  According  to  the  views 
of  Mr  Kidston,  the  stems  to  which  the  name  Ulodendron  has  been 
applied  are  mainly  referable  to  Lepidodefidron^  although  others  may 
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stems  with  the  scars  of 


be  Sieillarian  :  Sir  W.  Dawson  has,  however,  identified  Ulodendron 
with  the  next  genus.  Lepidophloeus  {Lomatophloius),  which  appears 
to  be  exclusively  Carboniferous,  has  the  leaf-scars  transversely  elon- 
gated, with  three  vascular  points,  and  placed  on  distinct  promi- 
nences :  while  the  branches  are  thick,  the  leaves  very  long,  and  the 
cones  always  lateral.  Ballonia  is  founded  on  fruiting  branches  of 
this  genus ;  while  fruits  of  one  type  of  the  so-called  Lepidostrobus^ 
(fig.  1388)  have  been  found  attached  to 
Lepidophlmis.  Cyclosiigma  and  Lepio- 
phlauvi  are  exclusively  Devonian ;  the 
former  being  characterised  by  the  circu- 
lar or  horse-shoe-like  leaf-scars,  and  the 
latter  by  the  flat  and  rhombic  leaf-bases 
and  obsolete  scars.  Leptophlceut?i  occurs 
in  the  United  States  and  Australia. 

The  existing  genus  Isoetes,  the  sole  re- 
presentative of  the  IsoetecB,  is  known  in 
a  fossil  condition  by  two  species  from 
the  Miocene  of  the  Continent,  and  by  a 
third  from  the  Eocene  of  Colorado. 

With  regard  to  the  serial  position  of 
the  second  great  Paleozoic  family  of  the 
SigillarecB,  there  has  been  much  discus- 
sion, but  the  general  consensus  of  opinion 
seems  now  to  be  in  favour  of  placing 
them  in  the  present  order ;  although  it 
is  quite  probable  that,  as  Sir  J.  W.  Daw- 
son suggests,  at  least  some  of  them  may 
be  more  or  less  closely  allied  to  the 
primitive  Gymnosperms.  Their  resem- 
blance to  the  LepidodendrecE  is  indicated 
by  their  strongly-marked  external  simi- 
larity ;  which  is  especially  shown  in  the 
tall,  slender,  and  dichotomously-branch- 
ing  stem  (fig.  1389),  the  slender  grass- 
like leaves,  the  leaf-scars  arranged  in 
whorls,  and  the  Stigmarian  roots.  These 
trees,  constituting  the  genus  Sigillaria, 
are  mainly  of  Carboniferous  age,  and  are 
common  to  the  Old  and  New  Worlds ;  they  attained  very  large  dimen- 
sions, their  stems  being  sometimes  as  much  as  five  feet  in  diameter. 
Not  unfrequently  these  stems  are  found  in  an  erect  position  (fig. 
1390),  passing  through  several  layers  of  rock  ;  while  in  other  cases 
they  have  been  found  attached  to  the  Stigmarian  roots  which  pene- 
trate the  clays  underlying  the  seams  of  workable  coal.  The  columnar 


Fig.  1389. — A,  Reduced  restora- 
tion of  Sigillaria  Browni;  B,  Do. 
of  tessellata;  from  the  Carbon- 
iferous.   (After  Dawson.) 
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stems  of  the  Sigillarians  are  marked  by  continuous  longitudinal  ribs, 

between  which  are  the  leaf-scars 


(fig-  1391))  forming  whorls  round 
the  stems.  It  will  be  seen  from 
the  figure  that  the  arrangement 
of  these  scars  is  such  that  each 
one  is  placed  in  the  interval  be- 
tween two  scars  of  the  horizontal 
rows  immediately  above  and  be- 
low;  this  arrangement,  or  phyllo- 
iaxis,  obtaining  in  all  plants  with 
leaves  forming  whorls.  The  ex- 
ternal coat  of  the  stem  is  very 
hard,  beneath  which  is  an  inner 
bark  composed  of  cellular  tissue 
traversed  by  rope-like  fibres,  while 
the  woody  central  axis  is  small, 
and  somewhat  intermediate  in 
structure  between  that  of  the  Le- 
pidodendroids  and  Gymnosperms. 
The  roots  {Stigmaria)  usually 
start  from  the  stem  in  four  main 
branches,  which  divide  dichotom- 
ously  several  times,  and  then  con- 
tmue  m  long  extensions,  which  Sir  J.  W.  Dawson  considers  are 


F ig.  1390.— Stem  of  a  semi-erect  Stgil/an'a 
in  a  coal-seam ;  from  Nova  Scotia.  (After 
Dawson.) 


Fig.  1391.— Part  of  stem  of  Sigillarla  Utschneideri ;  from  the  Carboniferous. 
The  left-hand  figure  shows  a  small  portion  on  a  larger  scale. 


intended  to  afford  a  firm  support  in  a  soft  marshy  soil.  The  root- 
lets (fig.  1392)  were  arranged  on  the  roots  in  whorls;  and  when 
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thev  decayed  they  left  scars  on  the  bark  (figs.  1392  and  1393) 
corresponding  to  the  leaf-scars  on  the  stems.  The  nature  of  the 
fruTt 's  sdll  unknown,  but  it  is  probable  that  it  more  or  less  closely 
[:  2^Tt^^to^  th;  Lepidodendroids.  Sir  J.  W.  Dawson  has 
howTver,  suggested  that  some  of  the  Sigillanans  may  have  had 


Fig  1392.— Part  of  root  of  a  Sigillarian  or  Lepidoden- 
droid  Tree  \stigmaria.  ficoides) ;  from  the  Carboniferous. 
One-quarter  natural  size. 


Fig.  1393.— Bark  of  a  Sigillarian 
or  Lepidodendroid  root ;  from  the 
Carboniferous.    (After  Dawson.) 


fruit  of  the  type  of  Trigonocarpus  (fig.  1400),  and  that  such  forms 
consequently  exhibit  a  connecting  link  between  the  Pteridophytes 
and  the  Gymnospermous  Phanerogams. 

The  genus  may  be  divided  into  several  groups,  which  may  eventually 
have  to  be  raised  to  generic  rank.  The  Clathrarian  group  (in  which  Mr 
Kidston  includes  some  species  of  Ulodendron)  has  a  thin  bark,  with  the 
leaf-scars  not  in  distinct  rows,  but  having  a  spiral  appearance  ;  type,  6". 
discophora,  of  Europe  and  the  United  States.  In  the  Liodermanan 
group  the  ribs  on  the  bark  are  obsolete,  and  the  leaf-scars  in  distinct 
rows  ;  type,  S.  sydnensis,  of  Australia.  In  the  third,  or  Rhytidolepidian 
group,  in  which  the  Favularian  group  may  be  included,  the  ribs  are 
narrow  (fig.  1391)  and  often  striate,  and  the  leaf-scars  large  and  hexa- 
gonal, or  shield-shaped;  type,  6'.  tessellata  (fig.  1389,  b).  Finally,  the 
typical  group  is  characterised  by  the  broad  ribs  to  the  bark,  of  which 
the  width  usually  exceeds  that  of  the  oval  or  elliptical  leaf-scars  ;  types, 
S.  reniformis  and  S.  Browni  (fig.  1 389,  a). 
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CHAPTER  LXVII. 

^  UB-KINGDOM    C  O R  M O P H  Y T A-continued. 
Series  Phanerogam^.— Class  Gymnosperm^. 

Series  III  Phanerogams. -The  Phanerogams,  which  include 
he  who  e  of  the  remaining  groups  of  plants,  are  characterised  by 
the  production  of  a  seed,  and  the  consequent  concealment  or  com 
pression  of  the  alternation  of  generations.     It  has  already  been 
mentioned  that  in  several  groups  of  Pteridophytes  the  tendency  of 
the  oophore  (prothallium)  is  to  lose  its  independent  existence  but 
in  the  present  series  this  independence  is  totally  suppressed  Thus 
the  macrospore  or  female  element,  now  termed  the  embryo-sac  is 
never  detached  from  the  main  plant,  or  sporophore,  previous  to 
fertilisation  ;  while  the  oophore,  now  known  as  the  endosperm,  which 
may  be  rudimentary,  is  always  enclosed  in  the  macrospore  (embryo- 
sac).    The  seed  is  developed  from  the  ovule  (of  which  the  envelope 
is  known  as  the  testa\  which  produces  the  embryo-sac,  and  in  this 
the  endosperm  and  the  odsphere.    The  latter  is  fertilised  by  the 
polkn-tube  or  outgrowth  from  the  pollen-grain,  which  represents  the 
microspore  of  the  Pteridophytes.^  The  plant  is  always  differentiated 
into  stem,  leaves,  roots,  and  hairs ;  and  its  branching  is  normally 
monopodial,  the  main  axis  continuing  to  grow  and  producing  its 
lateral  shoots  and  roots  beneath  its  apex.    Phanerogams  are  further 
characterised  by  the  metamorphosis  and  differentiation  of  homo- 

1  It  is  thus  evident  that  the  Phanerogam  with  its  pollen-grains  and  embryo-sacs 
IS  equivalent  to  the  sporophere  of  the  Pteridophytes.  The  sexual  differentiation 
which  m  the  most  specialised  members  of  the  latter  commences  with  the  formation 
of  macrospores  and  microspores,  is,  however,  carried  further  back,  being  mani- 
fested not  only  in  the  formation  of  embryo-sac  and  pollen-grains,  but  also  in  the 
differences  between  ovule  and  pollen-sac,  and  between  the  modified  leaves  {carpels 
and  stamens)  bearing  them,  and,  even  earlier,  in  the  distinction  between  male 
and  female  flowers,  and  finally  in  the  development  of  separate  male  and  female 
{dixciotis)  plants.  At  least  for  a  time,  the  seed  unites  in  itself  the  two  genera- 
tions—the prothallium  (endosperm),  and  the  embryo  or  young  plant  of  the  second 
generation.  (Sachs.) 
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loc'ous  structures  for  the  purpose  of  reproduction,  as  is  shown  in 
the  flower,  into  the  complex  structure  of  which  it  will  be  unnecessary 
to  enter  here.  The  differentiation  of  the  tissues  is  also  more  com- 
plex than  in  the  Pteridophytes. 

Phanerogams  include  the  highest  types  of  plant  life,  and  it  will 
be  seen  from  the  sequel  how  there  has  been  a  gradual  advance  in 
their  degree  of  organisation  as  we  ascend  in  the  geological  scale ; 
the  most  specialised  groups  only  making  their  appearance  at  a  late 
epoch. 

Class  I.  Gymnosperm^. — The  first  and  most  generalised  class 
of  Phanerogams  is  characterised  by  the  ovules  and  seeds  not  being 
enclosed  in  the  ovary,  and  by  the  early  development  of  a  distinct 
endosperm  forming  archegonia  in  which  the  oospheres  originate. 
The  first  leaves  produced  from  the  embryo  are  arranged  in  whorls 
of  two  or  more;  and  the  wood  grows  from  the  outside,  forming 
annual  rings  of  growth. 

In  many  respects  the  existing  Gymnosperms  are  intermediate 
between  the  Pteridophytes  and  the  Phanerogams ;  and  it  is  practi- 
cally certain,  as  we  have  already  hinted,  that  in  past  times  there 
was  a  complete  transition  between  the  two  series.  The  class  in- 
cludes the  Cycads  and  Conifers  and  dates  from  the  Devonian ;  but 
in  the  middle  Mesozoic,  which  has  hence  been  termed  the  "  age  of 
Gymnosperms,"  it  attained  its  highest  stage  of  development,  and 
constituted  the  dominant  type  of  the  flora.  The  existing  forms  are 
usually  arranged  in  three  orders,  while  a  fourth  is  frequently  made 
for  the  reception  of  the  extinct  Cordaites. 

Order  i.  Cycadace^. — Existing  Cycads  (fig.  1394),  which  occur 
in  the  warmer  regions  of  America  and  Asia,  and  also  in  South  Africa 


Fig.  1394.— A  male  Cycad  {Macrozamia  sj>iralis)\  from  Australia.    Greatly  reduced. 

and  Australia,  are  low  palm-like  trees,  with  a  short  unbranched 
stem,  occasionally  divided  into  two,  marked  by  leaf-scars.  The 
leaves  form  a  crown,  and,  except  in  one  genus  where  they  are 
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bipinnate,  are  simply  pinnate ;  their  structure  is  very  firm,  and  they 
usually  develop  m  a  circinate  manner  like  ferns.    The  plants  are 
male  and  female ;  the  male  fructification  being  borne  in  iones  (fig 
1394),  while  m  the  female  the  ovules  are  usually  situated  on  the 
margm  of  modified  leaves  or  on  the  base  of  scales 

Existing  Cycads  are  divided  into  the  families  Cycadece,  Encepha- 
lartece,  Stangeriece,  and  Zamiece.  Of  these  the  living  South  African 
genus  Encephalartos  occurs  in  the  Miocene  of  Euboea,  and  perhaps 
in  the  Rhsetic  of  Honduras  ;  while  a  leaf  from  the  Miocene  of  Styria 
has  been  referred  to  the  Mexican  genus  Ceratozamia,  belonging  to 

til  c   ^(t  7/ 1 1  €£S, 

The  family  position  of  extinct  genera  is  for  the  most  part  un- 
certain, and  It  is  accordingly  unadvisable  to  make  any  attempt  at 
such  divisions.  As  is  usually  the  case  with  fossil  plants,  genera 
have  been  founded  upon  different  portions  of  the  organism,  so  that 
in  many  cases  we  doubtless  have  the  same  type  described  under 
two  or  more  names.  In  the  Mesozoic,  as  Sir  J.  W.  Dawson  remarks, 
Cycads  had  a  world-wide  distribution,  and  many  of  the  undermen- 
tioned European  genera  likewise  occur  in  America.  The  species 
occurring  in  the  Cretaceous  of  Greenland  are,  according  to  the  same 
authority,  of  small  size  and  low  growth,  so  that  they  may  have  been 
protected  from  the  winter  snows.  Some  of  the  more  southern  forms 
attained,  however,  a  considerable  height,  and  must  have  resembled 
palms.     The  order  is  known  from  the  Carboniferous  upwards. 

Genera  founded  on  Leaves.  —  The  genera  based  on  the 
evidence  of  leaves  will  be  taken  first.  Of  these  Cycadites  has  the 
leaflets  attached  by  the  whole  width  of  their  base  to  the  stem,  with 
a  single  vein,  while  the  young  leaves  are  circinate ;  in  all  of  which 
respects  it  approximates  to  the  existing  Cycas.  It  occurs  in  Europe 
from  the  Carboniferous  to  the  Upper  Cretaceous ;  and  in  India  it 
is  characteristic  of  the  Upper  Gondwanas.  Podozamites  with  small 
leaves,  and  the  leaflets  alternating  and  narrowed  at  the  base,  ranges 
in  Europe  from  the  Rhaetic  throughout  the  Jurassic  and  into  the 
Lower  Cretaceous ;  it  is  also  found  in  the  Dakota  Cretaceous,  in 
the  Upper  Gondwanas  of  India,  and  in  the  reputed  Trias  of  New 
Zealand.  Till  something  is  known  of  its  fructification  the  affinities 
of  this  genus  cannot  be  determined.  Zat?iites,  again,  is  a  very  large 
genus  with  small  or  medium-sized  leaves,  in  which  the  leaflets  are 
attached  by  a  calus  to  the  upper  surface  of  the  stem,  and  are  subject 
to  a  considerable  variation  of  form.  In  Europe  this  genus  is  well 
represented  from  the  Middle  Trias  to  the  Upper  Cretaceous  (Green- 
land), an  isolated  species  being  found  in  the  Miocene.  It  is  also 
recorded  from  the  reputed  Trias  of  New  Zealand,  and  the  Upper 
Gondwanas  of  India.  Glossozamites  includes  large-leaved  Cycads 
with  subsymmetrical  leaflets,  occurring  typically  in  the  European 
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Wealden  but  according  to  Dr  Feistmantel  also  represented  in  the 
Lias  and'the  Lower  Gondwanas  of  India.  Ptilophylliitn  (fig.  1395)  is 
a  genus  characteristic  of  the  Upper  Gondwanas,  having  long  narrow 
leaves  with  alternating  leaflets  which  are  likewise  long  and  narrow, 
and  are  attached  to  the  front  of  the  stem,  with  upwardly-directed 
terminal  points,  and  a  simple  venation.     Otozamttes  (fig.  1396), 


according  to  the  last-named  writer,  is  allied  to  Ptilophyllum,  but  dis- 
tinguished by  the  lower  basal  angle  of  the  leaflets,  which  in  the  latter 
is  affixed  and  decurrent  on  the  stem,  becoming  free  and  rounded  like 
the  upper  one ;  the  disposition  of  the  veins  being  very  similar  in 
both  genera.  In  Europe  this  genus  occurs  very  abundantly  from 
the  RhEetic  to  the  Upper  Jurassic,  is  well  represented  in  the  Cach 
stage  of  the  Upper  Gondwanas  of  India,  and  also  occurs  in  the 
Rhsetic  of  Honduras.  Ctenophyllum  is  an  allied  genus  typically 
from  the  Upper  Lias  and  Lower  Jurassic  of  Europe.  An  important 
genus  is  Pterophyllum,  in  which  Dr  Feistmantel  includes  Anomo- 
zamites  of  Schimper,  occurring  in  Europe  from  the  Carboniferous 
to  the  Upper  Jurassic  and  Wealden,  in  India  from  the  higher 
stage  of  the  Lower  Gondwanas  to  the  two  lower  divisions  of  the 
Upper  Gondwanas,  and  also  recorded  from  the  reputed  Trias  of 
New  Zealand.  The  leaves  are  stalked,  of  moderate  size,  and 
considerable  width ;  while  the  leaflets  are  generally  opposite,  articu- 
lating at  right  angles  with  the  sides  of  the  stem,  and  having  numerous 
veins.  Ptilozamites  is  an  allied  type  from  the  Rhstic  of  the  Con- 
tinent. Mlssonia,  of  the  Rheetic  and  Lower  Jurassic  of  Europe, 
is  readily  distinguished  by  its  leaves  being  either  strap-like  and 
undivided,  or  with  slight  segmentation.  Sphenozamites  from  the 
French  Jurassic  and  the  Rhtetic  of  Honduras,  and  Macropterygiuvi 
from  the  Keuper  of  Carinthia,  are  imperfectly  known  forms  which 
may  be  allied  to  Naggerathia  noticed  below.  Didyozamites  is  a 
peculiar  form  from  the  Upper  Gondwanas  characterised  by  the 
leaves  having  a  net-like  venation,  as  in  the  genus  Glossopteris  (fig. 
1376)  among  the  Ferns,  and  is  regarded  by  Dr  Feistmantel  as  the 
type  of  a  distinct  family.  Another  type  is  presented  by  the  genus 
VOL.  n.  2  s 


Fig.  1395.— Part  of  leaf  of cuchense; 
from  the  Upper  Gondwanas  of  India.  (After  Feist- 
mantel.) 


Fig.  1396. — Part  of  leaf  of  Otozaviites 
bengalensis;  from  the  Lower  Gondwanas 
of  India.    (After  Feistmantel.) 
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Rhiptommites  from  the  Jurassic  of  Siberia,  to  which  Nrnggerathiopm 
of  the  Lower  Gondwanas  of  India,  the  Hawkesbury  beds  of  Australia 
and  the  Rhaetic  of  Honduras,  is  closely  allied,  if  indeed  it  be  gen' 
encally  separable.  It  is  known  by  specimens  which  appear  to  be 
leaflets  of  a  pmnate  leaf,  and  are  of  an  elongate  form  with  forked 
radmtmg  veins  which  do  not  converge  towards  the  summit. 

Genera  founded  on  the  Fructification. — The  name  Cyca- 
dospadix  has  been  applied  to  the  female  fructification  of  Cycads 
from  the  Lower  Lias  and  Corallian  closely  resembling  that  of  Cycas. 
Cones  from  the  Lias  to  the  Wealden  have  been  described  as  Za7tno- 
strobus  and  Beania  ;  while  seeds,  ranging  from  the  Keuper  to  the 
Wealden,  are  known  as  Cycadeosper?num. 

Genera  founded  on  Stems. — Stems  of  Cycads  are  of  not  un- 
common occurrence,  especially  in  fresh-water  deposits,  and  are 
locally  known  to  the  quarrymen  of  the  south  of  England  as  "  fossil 
birds'-nests."    According  to  the  arrangement  of  Count  Saporta  they 

may  be  classified  as  follows  : 
Bolbodium,  from  the  Lias  and 
Corallian  ;  Cylifidropodhwi, 
from  the  Lower  Lias  and  Up- 
per Jurassic;  and  Mantellia 
(fig.  1397),  also  known  as 
Cycadoidea  or  Clathropodium, 
from  the  Upper  Jurassic  and 
Wealden,  which  is  especially 
common  in  the  "  dirt-bed  "  of 
the  Isle  of  Portland.  Other 
stems,  ranging  from  the  Juras- 
sic to  the  Lower  Greensand, 
have  been  described  by  Mr 
Carruthers  under  the  name  of  Bennettites  ;  the  associated  fructifica- 
tion differing  in  several  respects  from  that  of  existing  types.  The 
preceding  forms  have  comparatively  short  stems,  but  in  Flalykpis, 
of  the  Lias,  and  Fittoftia  and  Buckla?idia,  of  the  Upper  Jurassic 
and  Wealden,  the  stems  may  attain  a  height  of  several  feet. 

Here  we  may  notice  the  remarkable  genus  Willianisonia,  ranging 
from  the  Rheetic  to  the  Jurassics  of  Europe,  in  regard  to  the  serial 
position  of  which  there  has  been  much  discussion.  It  is  based  on 
the  fructification,  which  in  some  cases  is  found  attached  to  stems 
with  spirally  arranged  leaves.  It  has  been  suggested  that  this  plant 
may  belong  to  the  Dicotyledons,  while  Mr  J.  S.  Gardner  considers 
that  its  aiTfinities  are  with  the  monocotyledonous  Pandanacece ;  but 
it  appears  quite  possible  that  it  may  really  prove  to  be  an  extremely 
aberrant  Cycad.  This  genus  is  also  found  at  the  base  of  the  Upper 
Gondwanas  of  India. 


Fig.  1397. — Stem  of  Mantellia  megalofihylla ; 
from  the  Purbeck  of  the  Isle  of  Portland.  " 
duced. 


Re- 


PHANEROGAMS. 


1529 


Transitional  Types. — The  families  Noeggerathiea  and  Corda- 
itecB,  of  the  Paleozoic,  appear  to  include  types  which  are  in  many 
respects  transitional  between  the  existing  Cycads  and  Conifers,  and 
may  therefore  provisionally  occupy  an  intermediate  position.  Both 
families  are,  indeed,  referred  by  Mr  Kidston  to  the  Cycads,  but 
other  writers  would  place  some  or  all  of  these  forms  with  the 
Conifers.  In  the  first  family  the  type  genus  Nosggerathia,  which 
occurs  in  the  European  and  North  American  Carboniferous, 
has  the  leaves  arranged  in  two  opposite  rows  (distichous),  these 


Fig.  1398. — Leaves  oi  Psygmophyllum  expatisum ;  from  the  Permian  of  Russia. 


leaves  having  a  cuneiform  base,  with  radiating  veins  which  do 
not  form  forks.  Psygtnophyllu77t  (fig.  1398),  or  Gingkophyllum, 
is  an  apparently  allied  type  from  the  European  Carboniferous 
and  Permian,  which  is  placed  by  Dr  Schenk  with  the  Taxoid 
Conifers.  A  branch  from  the  upper  Devonian  of  Wyoming, 
described  by  Sir  J.  W.  Dawson  as  Didyocordaites  is  stated  to 
connect  Naggerathia  with  the  under-mentioned  genus  Cordaites ; 
since,  in  place  of  the  parallel  venation  of  the  latter,  the  veins 
fork  at  an  acute  angle,  and  are  slightly  netted  by  the  spreading 
branches  of  one  vein  uniting  with  those  of  an  adjacent  one.  The 
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second  family  is  represented  by  the  genus  Cordaites  (fig  i,qo) 
ranging  from  the  Devonian  to  the  Permian,  and  occurring  in  both 

the  Old  and  New  Worlds. 
These  plants  formed  trees 
reaching  to  a  height  of  20  or 
30  feet,  with  the  stems  marked 
by  transverse  leaf-scars,  and  the 
leaves  arranged  in  whorls ;  the 
leaves  themselves  (fig.  1399) 
being  comparatively  broad, 
with  parallel  longitudinal  veins, 
and  attached  by  a  somewhat 
wide  base.  Their  fructification 
consisted  of  male  and  female 
catkins,  forming  long  racemes 
(fig.  1399),  and  known  as  An- 
tholithus ;  which  subsequently 
produced  berries  known  as 
Cardiocarpus,  some  of  which 
appear  to  have  had  wing-like 
envelopes,  while  other  types 
had  a  soft  pulpy  cover  like 
those  of  the  existing  Yews. 
The  stem  had  a  large  central 
pith  surrounded  by  scalariform 
tissue  with  a  cylinder  of  woody 
wedges  ;  the  casts  of  these  pith- 
cavities  are  included  among 
the  so-called  Sternbergia,  to  be 
shortly  mentioned.  According 
to  Dr  Schenk  the  female  fructification  of  Cordaites  is  most  like  that 
of  the  Cycads,  while  the  male  fructification  and  the  structure  of  the 
stem  comes  nearest  to  the  Conifers. 

In  this  place  certain  Carboniferous 
fruits  which  have  not  at  present  been 
referred  to  their  respective  plants  may 
be  conveniently  noticed.  These  have 
been  named  Rhabdocarpus,  Carpolithus^ 
Trigonocarpus  (fig.  1400),  and  Falce- 
oxyris.  They  are  large  and  angulated 
nut-like  fruits,  resembling  those  of  the 
Yews.  Specimens  of  Trigonocarpus  are 
extremely  numerous  in  some  of  the  coal- 
a  slab  of  sandstone  in  the  British  Museum  measuring 
21X15  inches  containing  more  than  400  of  these  nuts.    The  sug- 


Fig.  1399.  —  ^  branch  of  Cordaites;  from 
the  Carboniferous.  Reduced.  (After  Grand' 
Eury.) 


Fig.  1400.  —  Trigonocarpus  Par- 
kinsonsi;  from  the  Carboniferous 
of  England.  (After  Lindley  and 
Hutton.) 


measures 
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eestion  of  Sir  J.  W.  Dawson  that  some  of  these  fruits  may  belong 
to  Sigillarians  has  been  already  mentioned,  but  most  recent  authori- 
ties agree  in  regarding  them  as  belonging  to  CordattecE  or  Conifers. 

Order  2  Coniferte.— This  order  includes  the  existing  Yews, 
Pines   and  allied  forms,  and  is  of  considerable  pateontological 
importance,  although  the  different  groups  can  be  but  very  briefly 
mentioned  in  this  work.    Conifers  are  characterised  by  the  strong 
and  continuous  growth  of  the  main  axis,  which  forms  a  slender 
conical  stem  sometimes  exceeding  200  feet  in  height;  on  this  main 
stem  the  lateral  axes,  or  primary  branches,  arise  either  in  rosettes  at 
intervals,  or  irregularly,  and  again  subdivide  in  the  same  manner ; 
the  whole  contour  of  the  tree  thus  forming  a  more  or  less  regular 
cone.    The  leaves  may  be  either  all  foliage  leaves  containing  chloro- 
phyll ;  or  all  colourless  or  brownish  scales  ;  or  a  mixture  of  foliage 
leaves  and  scales.    The  foliage  leaves  are  mostly  small  and  simple, 
and  very  rarely  compound ;  and  thus  form  a  striking  contrast  to  the 
Cycads,  where  the  leaves  constitute  the  greater  part  of  the  plant. 
The  flowers  are  always  of  separate  sexes ;  but  the  trees  themselves 
may  either  bear  one  or  both  kinds  of  flowers.    These  flowers  are 
never  terminal  on  the  main  axis,  and  are  subject  to  great  variation 
of  structure  in  the  diff"erent  families.    The  male  flowers  are  not  of 
much  importance  to  the  palaeontologist,  who  has  more  often  to  deal 
with  those  of  the  female.    The  best  known  examples  of  the  latter 
are  the  cones  of  the  Abietinea,  which  are  modified  shoots  bearing  a 
number  of  closely  packed  woody  scales,  on  which  the  ovules  are 
usually  placed  in  pairs. 

The  earliest  fossils  referred  to  the  Coniferse  are  trunks  of  large 
trees  occurring  in  Europe  and  North  America,  from  the  Carbonifer- 
ous to  the  Permian,  and  described  under  the  names  of  Dadoxylon, 
Armicarioxylon,  or  Pinites.  These  stems  exhibit  the  woody  structure 
characteristic  of  existing  Conifers,  and  Sir  J.  W.  Dawson  states  that 
they  are  found  in  association  with  leaves  of  Permian  genera  of 
Walchiea  noticed  below,  and  consequently  places  them  in  that  family. 
It  has,  however,  been  suggested  that  at  least  some  of  these  stems 
belong  to  the  Cordaitece,  although  strong  reasons  have  been  pro- 
pounded against  the  acceptance  of  this  view.  Some  of  the  curious 
ringed  cylinders  described  under  the  name  of  Sternbergia  or  Artisia 
are  casts  of  the  pith-cavity  of  Dadoxylo?u  Stems  from  the  coal- 
measures  have  been  found  with  a  length  exceeding  70  feet. 

Leaving  these  doubtful  forms  we  may  proceed  to  the  consideration 
of  the  five  existing  families  into  which  the  order  may  be  divided. 
The  Taxinece,  or  Yews  and  their  allies,  have  their  leaves,  which  are 
often  of  considerable  width,  arranged  spirally ;  the  flowers  typically 
dioecious;  and  with  the •  ripe  seed  enclosed  in  a  fleshy  envelope. 
We  have  already  mentioned  that  Psygmophyllum  {Gingkophylluni)  is 
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Fig  1401.— Leaf  of  Gingko-tree 
{Salisburia  siberica) :  from  the 
Lower  Cretaceous  of  Siberia.  (Af- 
ter Dawson.) 


placed  in  this  family  by  Dr  Schenk ;  but  exclusive  of  this  form  we 
have  several  genera  allied  to  the  existing  Sa^isiuria  or  G  ngZr  e 
of  Japan  and  China,  characterised  by  its  fan-like  leaves  (fig  140  r  ) 

This  genus  had  an  almost  world-wide 
distribution  in  past  times,  being  abun- 
dantly represented  from  the  Permian, 
and  if  Saportea,  from  the  Carboniferous 
of  Pennsylvania,  be  rightly  included,  ex- 
tending as  low  as  the  preceding  period. 
It  is  very  curious,  as  Sir  J.  W.  Dawson 
remarks,  that  this  genus  should  now  be 
restricted  to  a  single  Asiatic  species,  al- 
though it  will  grow  in  temperate  Europe 
and  America,  without,  however,  usually 
producing  fruit.  In  India  it  occurs  in 
^        ,    ^  the  Upper    Gondwanas.  Rhipidopsis, 

from  the  Lower  Jurassic  of  the  Atlas  and  the  Lower  Gondwanas  of 
India,  is  an  extinct  genus  with  large  leathery  leaves  usually  divided 
into  five  wedge-shaped  segments,  of  which  the  middle  one  is  the 
largest.  Other  extinct  genera  are  Dicranophyllum,  from  the  Car- 
boniferous of  France,  China,  and  Canada;  Trichopiiys,  from  the 
Jurassic  of  Europe ;  the  allied  Czekanowskia,  from  the  European 
Rh^tic  and  Jurassic,  the  Jurassic  of  China,  the  Wealden  of  Portugal, 
and  the  Upper  Gondwanas  of  India ;  and  Fteldefita  and  Phmnicopsis, 
the  former  being  from  the  Miocene  of  Spitzbergen,  and  the  latter 
from  the  Jurassic  of  Northern  Europe  and  the  Upper  Gondwanas. 
Many  of  these  genera  have  the  leaves  divided  into  long  slender 
slips,  but  in  the  true  Yews  the  leaves  are  simply  acicular.  The 
existing  genus  Taxus,  together  with  the  closely  allied  or  identical 
Taxites,  has  a  wide  distribution,  being  well  represented  in  the  Ter- 
tiaries  and  extending  down  through  the  Jurassic  to  the  Rhsetic. 
The  allied  Cephalotaxus,  of  China  and  Japan,  in  which  the  male 
flowers  are  in  clusters,  and  the  seed  is  completely  enveloped  in 
the  fleshy  capsule,  is  represented  in  the  Tertiary  and  Cretaceous  of 
Greenland ;  while  another  existing  genus,  Torreya,  occurs  in  the 
Tertiaries  of  Greenland  and  America.  Finally,  omitting  some  less 
important  types,  the  tropical  genus  Podocarpus  occurs  abundantly 
throughout  the  Tertiaries  of  the  greater  part  of  the  world. 

The  genus  Walchia  (fig.  1402)  may  be  taken  as  the  representa- 
tive of  a  group — the  Walchiece — which  may  perhaps  serve  to  connect 
the  Yews  with  the  Araucarias.  In  the  t3'pe  genus  the  secondary 
branches  or  twigs  are  arranged  alternately  in  two  rows,  and  carry 
spirals  of  angulated  acicular  leaves ;  larger  leaves  covering  the 
primary  branches  in  an  imbricating  manner.  The  fruit,  according 
to  Dr  Schenk,  formed  true  cones,  approximating  to  those  of-  the 
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Araucarias;  but  it  should  be  observed  that  Sir  J.  W  Dawson  con- 
siders that  their  fruit  was  not  in  the  shape  of  cones,  but  was  of  the 
tvpe  of  that  of  the  Yews.  This  genus  occurs  in  the  Permian  of 
Europe  and  North  America.  Ullma^iia,  of  the  European  Permian 
and  Keuper,  is  an  apparently  allied  type  in  which  cones  are  known 

to  have  been  developed.  .  w  // 

In  the  same  family  Dr  Schenk  places  the  genus  Pagiophyllum 
{Pachyphylhm),  which  has  thick  leathery  leaves  of  triangular  form, 


Fie  1402.— Part  of  branch  (a)  and  twig  (i)  of  Walchia  piniformis ;  from  the  Permian 
of  Saxony.    (After  Gutbier.) 

arranged  spirally  on  the  stem  and  branches,  and  uniting  at  their 
bases.  In  Europe  it  occurs  from  the  Bunter  to  the  Lower  Creta- 
ceous ;  it  has  also  been  recorded  from  the  Upper  Gondwanas  of 
India,  but  some  of  the  species  from  those  beds  seem  to  belong  to 
Araucaria,  to  which  this  genus  appears  to  be  nearly  related. 

The  Araucariecs.  are  too  well  known  to  require  much  description  ; 
typically  they  are  lofty  evergreen  trees,  with  verticillate  spreading 
branches,  covered  with  stiff  and  flattened  leaves,  with  sharp  points, 
and  usually  imbricating.  The  cones  are  large,  globular,  and  ter- 
minal. The  existing  species  are  mostly  confined  to  the  southern 
hemisphere,  and  belong  to  three  genera.  Of  these,  JDammara, 
which  extends  into  the  Malay  Peninsula,  and  affords  the  well-known 
gum-damar,  may  be  represented  in  the  Upper  Cretaceous  of  Green- 
land and  the  United  States ;  but  the  specimens  from  the  Creta- 
ceous described  as  Dammarites  may  apparently  be  cones  of  Cycads. 
Araucaria  itself  is  now  chiefly  known  from  Australia,  New  Guinea, 
Norfolk  Island,  and  South  America,  but  in  past  times  had  a  much 
wider  distribution.  Thus  it  occurs  in  the  Tertiary  of  the  Arctic 
regions,  in  the  English  Eocene,  in  the  Dakota  stage  of  the  American 
Cretaceous,  and  right  through  the  Wealden  and  Jurassic  of  Europe. 
It  also  occurs  in  the  Indian  Gondwanas,  where  some  of  the 
species  have  been  described  as  Araticarites,  while  the  figured 
specimen  (fig.  1403),  which  was  referred  by  Dr  Feistmantel  to 
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Fig.  1403.  —  Branch  of  Arau- 
caria{PagiopliyUum)divaricata; 
from  the  Upper  Gondwanas  of 
Cach.    (After  Feistmantel.) 


Sftit'fZ;      rf  ""''^  ^^''""^      ■^r...^^r.\A.  from  the 

existing  genus  Ihe  extinct  genus  Cunninghamites  is  founded  on 
branches  which  appear  to  closely  resemble  those  of  the  exSing 

SocenfofT  r  "".'"'^  Tr  ^"  Upper  Cretaceous  an! 
Miocene  of  the  Continent,  and  the  Cretaceous  of  the  United  States. 

Finally,  the  genus  Albertia,  from  the  Bun- 
ter  of  Alsace  and  the  Lower  Gondwanas 
of  India,  may  be  mentioned  here,  although 
it  is  not  certain  that  its  true  position  is 
not  with  the  Abietinece. 

The  family  Taxodinece  is  another  ancient 
type  represented  from  the  Permian  up- 
wards.   The  leaves  are  generally  more  or 
less  linear,  and  may  be  arranged  in  two 
rows,  or  crowded  together  at  the  ends  of 
the  branches.     In  Taxodium  and  Glypto- 
strobus  the  lateral  shoots  are  deciduous. 
The  oldest  genus  is  Voltzia  {Glyptolepis, 
Glyptolepidiuni),  of  the  Permian  and  Trias 
of  Europe  and  the  Lower  Gondwanas  of 
India;  followed  by  the  allied  Leptostro- 
bus,  of  the  Lower  Jurassic  of  Siberia. 
Cydopitys,  again,  from  the  latter  deposits 
and  the  Lower  Gondwanas  of  India,  is  considered  to  be  an  ancestral 
type  of  the  existing  Sciadopitys  of  Japan,  which  connects  the  typical 
members  of  the  family  with  the  Abietinea.    The  genus  Taxodium 
is  now  known  by  two  species  from  North  America,  of  which  T. 
distichum  dates  from  the  Upper  division  of  the  Laramie  beds,  and 
occurs  also  in  the  Eocene  of  Utah,  whence  it  can  be  traced  through 
the  Tertiaries  of  Alaska,  Canada,  Greenland,  and  Spitzbergen,  and 
thus  to  the  Upper  Miocene  of  CEningen  in  Switzerland.    The  closely 
allied  Glyptostrobiis  of  China,  readily  characterised  by  the  sculptured 
scales  of  the  cones  and  small  leaves,  has  a  somewhat  analogous  dis- 
tributional history ;  thus  it  first  appears  in  the  Lower  Cretaceous 
of  Greenland,  and  is  also  found  in  the  upper  part  of  the  same  sys- 
tem ;  thence  it  extends  in  one  direction  through  Arctic  America  to 
the  United  States,  where  it  is  found  in  the  topmost  beds  of  the 
Laramie,  and  in  another  to  Europe,  where  its  range  extends  from 
the  Lower  Miocene  (Oligocene)  to  the  Pliocene ;  G.  europeus  being 
common  to  Europe  and  the  Laramie  beds.    The  well-known  Sequoia 
( Wellingtonia),  in  which  the  scales  of  the  cones,  instead  of  imbri- 
cating as  in  the  preceding  genera,  form  woody  pyramids  at  right 
angles  to  the  axis,  is  now  known  by  two  Californian  species.  Of 
these  S.  sempervirens  has  erect  leaves  arranged  in  two  rows  and 
small  round  cones ;  while  5.  giganiea,  the  "  Big  tree,"  has  smaller 
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leaves  crowded  together,  and  larger  egg-shaped  cones  It  is  re- 
markable that  these  two  types  are  represented  by  allied  species  in 
the  Lower  Cretaceous,  where  we  also  find  species  which  are  inter- 
mediate, and  both  types  continue  right  through  the  Tertiaries  of 
Europe  and  North  America,  which  are  connected  by  the  Greenland 
deposits;  while  one  species  has  also  been  found  in  the  Eocene  of 
Australia.    Altogether  twenty-six  species  are  known. 

«  This  "  as  Sir  T  W.  Dawson  observes,  "  is  perhaps  the  most  remarkable 
record  in  the  whoie  history  of  vegetation.  The  Sequoias  are  the  giants 
of  the  Conifers-the  grandest  representatives  of  the  family -and  the 
fact  that,  after  spreading  over  the  whole  northern  hemisphere  and  attain- 
ins  to  more  than  twenty  specific  forms,  their  decaying  remnant  should 
now  be  confined  to  one  limited  region  in  America,  and  to  two  species 
constitutes  a  sad  memento  of  departed  greatness.  The  small  remnant 
of  S.  pi^aniea  stiW,  however,  towers  above  all  competitors  as  eminently 
the  'big  trees';  but  had  they  and  the  allied  species  failed  to  escape  the 
Tertiary  continental  submergences  and  the  disasters  of  the  glacial  period 
this  grand  genus  would  have  been  to  us  an  extinct  type.  In  like  manner 
the  survival  of  the  single  Gingko  of  Eastern  Asia  alone  enables  us  to 
understand  that  great  series  of  taxine  trees  with  fan-like  leaves  ot  which 
it  is  now  the  sole  representative." 

Geinitzia,  from  the  Upper  Cretaceous  and  Lower  Tertiary  of  both 
Europe  and  North  America,  appears  to  connect  the  preceding  with 
the  following  genus  :  it  has  alternating  branches,  with  two  rows  of 
small  sickle-shaped  leaves,  between  which  are  scale-like  leaves  and 
elongated  persistent  cones.  Brachyphyllum  is  characterised  by  its 
extremely  short  and  thick  scale-like  leaves,  which  are  spirally  ar- 
ranged ;  it  occurs  in  Europe  from  the  Rhaetic  to  the  Wealden,  and 
is  also  found  in  the  North  American  Cretaceous.  An  allied  extinct 
genus  is  the  remarkable  Echtnosirobus,  of  the  Upper  Jurassic  of 
Europe  and  the  Indian  Upper  Gondwanas,  in  which  the  stem  is 
flattened,  and  the  branches  are  covered  with  imbricating  scale-like 
leaves  ;  while  the  club-like  cones  are  borne  at  the  summits  of  short 
lateral  branches.  Other  extinct  genera  of  this  family  are  Cyparis- 
sidiurn  from  the  Rhsetic  and  Upper  Cretaceous  of  Europe  ;  Inolepis 
of  the  Upper  Cretaceous  of  Greenland  ;  Chirolepis  from  the  Rhaetic 
and  Lias  of  France  and  Switzerland;  and  Swedenborgia  from  the 
Rhsetic  of  Palsjo. 

The  Cupressinece,  including  the  Cypresses,  Junipers,  and  Thujas, 
are  moderate  sized  or  shrub-like  trees,  usually  with  very  minute 
scale-like  leaves  closely  adherent  to  the  branches,  and  generally 
arranged  in  two,  although  sometimes  in  three  or  four  rows.  In 
some  cases,  however,  the  leaves  are  linear,  especially  in  the  young. 
This  family  dates  from  the  Upper  Trias,  and  is  represented  at  the 
present  day  by  some  twelve  genera.  One  of  the  earliest  known 
genera  is  Widdringtonites,  from  the  Keuper  of  the  Continent  and  the 
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Jurassic  of  Europe  and  the  United  States ;  it  appears  to  be  in  some 
respects  intermediate  between  other  Conifers  and  the  next  genus 
and  Its  reference  to  this  family  is  provisional.  The  existing  South' 
Afnc^n  genus  PFtddringfoma,  in  which  the  leaves  are  alternate  and 
crowded  and  in  the  young  plant  linear,  is  represented  in  the  Conti- 
nental Miocene  ;  while  Ca//i^ns  from  the  northern  part  of  the  same 
contment  was  likewise  widely  spread  over  Europe  in  the  Middle 

•    "if'^u   J"       ^PP^""  ^""^  Cretaceous  of  Europe,  and  also 

m  North  America,  we  meet  with  the  extinct  genus  Frenelobsis ; 
while  in  the  Tertiaries  allied  forms  have  been  referred  to  the  exist- 
ing genera  Frenela  and  Aciinostrobus,  now  confined  to  the  Australian 
region ;  Ltbrocedrus,  which  has  now  a  much  wider  distribution  than 
the  latter  genera,  dates  from  the  higher  Cretaceous  of  Greenland 
and  the  United  States,  and  is  well  represented  in  the  Lower  and 
Upper  Miocene  of  Europe.    In  Moricotiia  of  the  Upper  Cretaceous 
of  Greenland  and  Germany,  and  the  Dakota  Cretaceous  of  America, 
and  Thttjites  ranging  from  the  Rhaetic  i  to  the  Upper  Jurassic,  we 
have  two  genera  of  which  the  precise  affinities  are  difficult  to  deter- 
mine.   Of  the  remaining  existing  genera  known  to  occur  in  a  fossil 
state.  Thuja  is  found  in  amber,  and  has  also  been  recorded  from 
the  Upper  Cretaceous  and  Miocene  of  North  America,  but  these 
forms  are  regarded  by  Dr  Schenk  as  probably  referable  to  Chamceo- 
cypris.    Biota  of  Japan  and  China,  and  Thujopsis  of  Japan,  occur 
in  the  Miocene  of  Greenland  ;  Chamceocypris,  of  North  America  and 
Japan,  dates  from  the  Lower  Eocene  and  Miocene  of  Europe,  and 
probably  from  the  American  Cretaceous  ;  Cupressus  (Cypress),  which 
has  a  wide  distribution  in  the  northern  hemisphere,  is  probably  found 
in  amber;  vfhile  Juniperus  (Juniper)  dates  from  the  Upper  Cretace- 
ous of  America  and  Greenland.    Finally,  Palceocyparis  which  occurs 
throughout  the  European  Jurassic,  and  Phyllostrobus  of  the  Kimerid- 
gian  of  France,  are  allied  extinct  types.    The  last  family  of  Conifers 
is  the  AbietinecB,  including  the  Pines,  Spruces,  Larches,  and  Cedars, 
all  of  which  have  tall  symmetrical  stems,  and  usually  spirally-arranged 
linear  leaves,  which  may  be  either  flattened  or  angulated.  The  cones 
are  usually  large  and  pyriform,  with  two  seeds  beneath  each  scale. 
We  may  first  mention  the  extinct  genera  Elatides  and  Falissya,  of 
which  the  family  position  is  uncertain,  since  they  show  some  charac- 
ters of  the  Pines  and  others  of  the  Yews.    The  former  occurs  in 
the  Jurassic  of  Siberia,  but  some  of  the  forms  appear  to  be  Arau- 
cariece  ;  while  the  latter  is  found  in  the  European  Rhaetic,  the  Lower 
Gondwanas  of  India,  the  Australian  Newcastle  beds,  and  the  reputed 
Trias  of  New  Zealand.    The  existing  types  are  usually  divided  into 
a  number  of  genera,  such  as  Pinus  (true  Pines),  Abies  (Spruce), 

1  The  form  from  the  Carboniferous  described  under  this  name  is  probably  a 
Lepidodendroid. 
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Larix  (Larch),  Cedrus  (Cedar),  &c.,  but  the  generic  determination 
of  many  fossil  types  is  extremely  difficult,  and  we  can  only  state  here 
that  the  group  as  a  whole  has  undoubtedly  existed  from  the  Jurassic, 
and  may  not  improbably  date  from  the  Lias  or  Rhfetic.  Finally, 
the  family  position  of  the  imperfectly  known  Rhtetic  genus  Campto- 
phyllum  cannot  at  present  be  determined. 

Order  3.  Gnetace^.— This  small  order,  represented  by  the 
genera  Ephedra,  Gnetum,  and  Welwitschia,  is  not  certainly  known 
to  be  represented  in  a  fossil  state,  although  several  forms  have  been 
referred  to  the  first-named  genus. 
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CHAPTER  LXVIII. 

SERIES  PHANEROGAMS— continued. 
Class  Angiosperm.e. 

Class  II.  Angiosperm^.— With  this  class  we  come  to  the  highest 
development  of  plant  life,  characterised  by  the  complete  enclosure 
of  the  ovules  and  seeds  in  the  ovary,  and  by  the  more  or  less  rudi- 
mental  condition  of  the  endosperm.  As  they  are  highest  in  point 
of  development,  so  these  plants  are  characteristic,  as  a  whole,  of  the 
latter  periods  of  the  earth's  history,  so  that  the  Tertiary  and  recent 
periods  are  well  described  as  the  "  age  of  Angiosperms."  The  class 
may  be  divided  into  the  two  great  subclasses  of  Monocotyledons 
and  Dicotyledons,  of  which  the  former  is  the  more  generalised,  and 
the  first  to  make  its  appearance  in  time. 

Subclass  I.  Monocotyl^. — The  Monocotyledons  are  plants 
having  only  a  single  seed-leaf  or  cotyledon  ;  and  with  an  endogenous, 
or  inwardly  growing  stem,  in  which  there  are  consequently  no  an- 
nual rings  of  growth.  It  includes  the  Palms,  Grasses,  Lilies,  &c.  ; 
and  it  appears  that  the  Palms  and  Grasses  are  the  earliest  known 
forms ;  the  perianthed  types,  or  those  with  large  and  conspicuous 
flowers,  not  making  their  appearance  till  a  later  date. 

There  is  indeed  some  doubt  as  to  the  earliest  appearance  of  the 
subclass,  but  it  appears  to  be  certain  that  most  of  the  Palaeozoic 
forms  which  have  been  described  as  Monocotyledons  are  referable 
to  Gymnosperms.  There  occur,  however,  certain  forms  of  doubtful 
affinity  in  the  Upper  Palaeozoic,  which  have  been  termed  "pro- 
Angiosperms,"  or  types  imperfectly  developed  from  a  Pteridophytic 
or  Gymnospermic  stock,  which  we  may  proceed  to  notice.  The 
best  known  is  the  genus  Spirangiutn,  ranging  from  the  Carboniferous 
to  the  Wealden ;  this  is  based  on  certain  spindle-like  bodies,  which 
are  believed  to  consist  of  from  five  to  ten  linear  valves  enclosing  a 
central  cavity,  the  valves  being  in  some  cases  spirally  twisted.  Their 
affinities  are  at  present  totally  obscure.    From  the  Russian  Permian 
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a  leaf  with  a  net-like  venation  described  under  the  name  of  Dicho- 
nmron  has  been  regarded  as  a  Monocotyledon,  but  apparently  on 
qu  tTLufficent  grounds.    The  genus  CEthophallum,  from  the  1  r.as 
of  the  Vosges,  which  has  linear  leaves  arranged  m  groups  of  three 
on  the  branches  of  a  woody  stem,  and  long  seed-bearmg  spikes, 
has  also  been  referred  to  this  subclass.    Certam  frmt-spikes  from 
the  same  deposits  described  as  Echinostachysm7s.y  belong  to  kindred 
tvoes      Again,  the  long  ribbon-like  leaves  found  in  the  Rhstic 
and  Turassic  and  known  as  Yuccites,  have  been  looked  upon  as  in- 
dicating plants  aUied  to  the  existing  Dracmna  ;  but  it  is  quite  pos- 
sible that  remains  of  totally  distinct  types  of  vegetation  have  been 
included  under  this  name.    In  the  Upper  Trias  and  Lias  of  Swit- 
zerland occurs  the  imperfectly  known  Bambusiutn,  which  Mr  J.  S. 
Gardner  regards  as  an  undoubted  Monocotyledon,  although  Dr 
Schenk  suggests  affinity  with  the  Equisetace^.    The  former  writer 
also  regards  as  Monocotyledonous  a  stem  from  the  Yorkshire  Oolites 
described  as  a  Calamite.    Plants  from  the  Jurassic  which  have  been 
named  Naiadita,  Bensonia,  &c.,  are  not  Phanerogams  at  all ;  while 
Ardides  of  the  Great  Oolite  is  based  on  a  Crinoid.    Stems  with  a 
rush  or  grass-like  form  from  the  Purbeck  appear,  however,  to  be  true 
Monocotyledons.    Finally,  Rhizocaulofi,  from  the  Upper  Eocene  of 
the  Paris  basin,  is  based  on  the  evidence  of  a  stem  which  may  indi- 
cate a  plant  allied  to  the  CyperacecB. 

Leaving  these  doubtful  types,  we  may  proceed  to  the  considera- 
tion of  Monocotyledons  which  can  be  systematically  placed. 

Order  i.  Liliiflor^. — This  order  includes  the  Lilies,  Irises, 
Yuccas,  and  their  allies,  most  of  which  have  conspicuous  perianthed 
flowers,  which  vary  considerably  in  structure,  and  may  be  of  large 
size.  The  plants  may  be  perennial,  but  are  more  usually  annual, 
with  rhizomes  or  bulbs.  The  Liliacece.  (Lilies,  Tulips,  Aloes,  Yuccas, 
&c.)  are  but  of  litde  palteontological  importance.  From  the  Eocene 
and  higher  Tertiaries  plants  have  been  described  under  the  names 
of  Agavites,  Yucca,  and  Dracana,  the  two  last  being  existing  genera  ; 
but  Dr  Schenk  considers  that  most  of  these  belong  to  JDraccena 
(Dragon-tree),  now  found  in  the  Canaries,  Africa,  and  India.  Plants 
of  the  genus  Smilax — the  type  of  a  subfamily  of  Liliacece — occur  in 
the  European  Tertiaries  from  the  Eocene  upwards  ;  although  it 
seems  doubtful  if  forms  described  as  Smilacina  and  Majanthetno- 
phylliini  really  belong  to  this  group.  The  /uncacece,  or  Rush  family, 
are  known  by  species  of  Jimcus  from  the  Upper  Miocene  of  CEnin- 
gen ;  and,  according  to  Dr  Schenk,  a  species  of  Iris  from  the  same 
deposits  is  the  only  fossil  representative  of  the  Iridacece,  although 
several  other  fossils  have  been  described  under  that  name.  In  the 
Dioscoreacece  (Yams),  Dioscorites,  from  the  European  Miocene,  is 
probably  allied  to  Dioscorea  ;  while  in  the  Pine-apple  family,  or 
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Bromeliacece,  the  typical  Bromelia  apparentlv  occur.  \n  fl,« 

whe^r  this  s..l^t^^S  ^  TS^^ 
Un^ed  '  ''''  ^"■""^'^'^  ^"        Tertiary 'of  the 

P.fiT^c?  SPADiciFLOR^.-With  this  Order,  which  comprises  the 
Palms  Screw-pines,  and  Arums,  we  come  to  one  of  considerable 
pateontological  importance,  as  including  several  of  the  ea  He  t 
represen  atives  of  the  class.  They  are  typically  tall  pknts  with 
large  wide-spreading  leaves,  and  the  inflorescence  forming  a  spadiL 
generahy  enveloped  in  a  large  spathe,  and  without  a  pefaLdVeri' 
anth ;  the  seed  being  generally  large,  and  often  of  huge  size  The 
first  family  of  the  Falniacece  now  includes  about  one  thousand  species 
from  the  warmer  regions  of  the  globe,  and  dates  back  to  the  Upper 
Cretaceous.  In  the  higher  Cretaceous  of  Europe  we  meet  with  Palms 
referred  to  the  extinct  genus  FlabeUaria,  which  also  ranges  into  the 
Miocene,  and  has  been  recorded  from  the  Cretaceous  of  the  United 
btates.    Fasaculiies,  from  the  Cretaceous  of  Greenland,  is  regarded 


Fig.  1404.— A,  Leaf  ofChamayops  helvetica  ;  from  the  Upper  Miocene  of  Switzerland 
B,  Leai     Sabal  major ;  from  the  Lower  Miocene  of  France.  Reduced. 


with  some  hesitation  as  a  Palm-stem  ;  and  Mr  Gardner  figures  Palm- 
wood  from  the  Folkestone  Gault ;  but  many  other  earlier  fossils, 
such  as  Palaospathe,  are  not  Palms  at  all.  In  the  Tertiary  Palms 
are  abundant,  and  from  the  Eocene  to  the  Upper  Miocene  we  meet 
with  forms  with  pinnate  leaves  allied  to  the  existing  Phoenix  (Date- 
palm),  which  have  been  described  under  that  name,  or  as  Pha7u- 
cites  and  Calamopsis.  Of  the  group  with  fan-like  leaves  we  have 
already  mentioned  Flabellaria,  and  throughout  the  European  Ter- 
tiary there  occur  leaves  referred  to  the  Old  World  genus  Chamcerops 
and  to  Sabal  of  North  America  (fig.  1404) ;  both  of  which  genera 
have  a  more  northerly  distribution  than  any  other  types.  Sal?a/ 
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maior  (fig  1404)  occurs  in  the  Lower  and  Middle  Miocene  of 
Furooe  and  also  in  the  Miocene  of  Northern  India  ;  while  remains 
Tthe  same  genus  have  been  described  from  the  Tertiary  o  the 
Un  ted  sTtes  In  the  Lower  Eocene  of  Europe  and  the  Chalk  of 
Fuveau  large  fruits  occur  known  as  MpadUes  (fig.  1405),  from  their 
reslmblancfto  the  triangular  fruits  of  the  Oriental  and  Australasian 
genus  Mpa,  which  some  writers  class  with 
the  Palms  and  others  with  the  Fanda?iacea; 
There  is  considerable  doubt  whether  the  small 
family  Cyclanthacea,  of  tropical  America,  is 
represented  in  a  fossil  state,  but  fragmentary 
leaves  from  the  Lower  Eocene  of  Suzanne 
have  been  described  as  Ludoviopsis,  from  their 
supposed  resemblance  to  those  of  Liidovica. 
The  well-known  Fandanacece,  or  Screw-pines, 
are  trees  or  shrubs  with  long  simple  imbri- 
cated leaves,  usually  spined  on  the  edges  and 
back,  and  unisexual  or  polygamous  flowers,  J}^' 
\vithout  perianth,  and  covering  the  whole  of  London  Clay.  Reduced, 
the  spadix;  the  fruit  being  in  the  form  of 

drupes  with  single  seeds,  or  berries  with  numerous  seeds.  All  the 
living  forms  are  tropical.  Leaves  from  the  Tertiary  and  Upper 
Cretaceous  of  Europe  have  been  referred  to  Pandaniis  ;  but  it  is  a 
question  whether  at  least  some  of  these  do  not  indicate  a  distinct 
genus.  In  the  Cretaceous  and  Jurassic  of  Europe,  extending  as  far 
north  as  Greenland,  there  occur  fruits  to  which  the  name  Kaidacar- 
pum  1  has  been  applied,  and  which  are  regarded  by  their  describer, 
Mr  Carruthers,  as  undoubtedly  Pandanaceous,  although  Dr  Schenk 
is  not  absolutely  satisfied  of  the  correctness  of  this  reference.  The 
fruit  consists  of  a  thick  spadix,  with  bunches  of  drupes,  each  of  which 
contains  a  single  seed ;  the  whole  arrangement  being  strikingly  like 
that  of  the  existing  Sussea.  Podocarya  is  an  apparently  allied  fruit 
from  the  Inferior  Oolite ;  and  some  authorities  regard  Williamso?iia 
(p.  1528)  as  related  to  this  genus.  Goniolina,  from  the  Kimeridgian 
and  Corallian  of  France,  is  founded  on  compound  fruits  which  are 
compared  by  Mr  Gardner  to  those  of  Pandanus,  and  of  which  the 
description  is  as  follows  : — 

"  Small  ovoid  aggregated  fruits,  like  those  of  Panda7ius,  borne  on  a 
naked,  cylindrical,  and  relatively  slender  petiole.  The  heads  of  the  very 
numerous  fruits  are  arranged  in  spirals  and  regular,  pressed  together, 
and  barely  a  millimetre  across.  They  are  of  hexagonal  shape,  and  six 
keels  extend  from  the  angles  and  meet  in  a  raised  point  at  the  centre. 
The  interior  axis  is  cylindrical,  and  impressed  by  scars  made  by  the 
bases  of  the  fruits,  completing  its  hkeness  to  Pandanus." 

^  Correctly  Cadacarpum. 
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The  reed-hke  plants  of  the  family  Typhacece  occur  throughout  the 
Tertiary,  where  we  have  Typha  (Reed-mace)  or  the  allied  Typhc^o. 
lotpum,  and  Spargamum,  although  it  is  doubtful  if  the  Cretaceous 
plants  referred  to  these  genera  are  rightly  named.  The  Arace^ 
(Arums  and  their  allies)  appear  to  date  from  the  Upper  Cretaceous 
although  It  IS  extremely  uncertain  if  the  Tertiary  plants  described 
as  Aroiies  and  Aronites  really  belong  to  this  family.  Acorus  (Sweet- 
flag)  occurs  in  the  Miocene  of  Spitzbergen,  and  is  also  found  in 
amber;  and  Pistia,  a  tropical  water-weed  allied  to  the  common 


Fig.  1406.— A,  Fruiting-organ  of  Goniolina;  u  and  c,  The  individual  fruits  enlarged  : 
from  the  Kimeridge  Clay  of  France.   (After  Saporta  and  Marion.) 

Duck-weed  {Letnna),  occurs  in  the  Laramie  beds  of  America  and 
the  Upper  Cretaceous  of  the  Continent ;  but  the  plants  from  the 
Westphalian  Chalk  and  the  Laramie  beds,  described  as  Fistites  and 
Lemnophyllujn,  according  to  Dr  Schenk,  are  not  Monocotyledons. 
Lemna  has  been  described  from  the  Laramie  and  Middle  Tertiary 
of  North  America,  and  also  from  the  Miocene  of  Wiirtemberg. 
Fothocites,  of  the  Carboniferous,  which  has  been  referred  to  this 
family,  is  part  of  a  Sigillarian.  In  the  aquatic  Naiadacecs  we  have 
remains  of  the  fluviatile  genera  Posidotiia  and  the  marine  Zostera 
{Zosterites)  dating  from  the  Upper  Cretaceous  of  both  the  eastern 
and  western  hemispheres.  Cymodocea  may  also  date  back  to  the 
Eocene,  although  many  of  the  forms  described  under  its  synonym 
of  Caulinites  are  totally  different.  Naias  occurs  certainly  in  the 
Miocene  of  CEningen,  and  perhaps  in  lower  beds ;  while  Fotamo- 
geton  (Pond-weed),  with  its  dimorphic  leaves,  dates  from  the 
Upper  Eocene  of  Aix,  and  is  also  found  in  the  Tertiaries  of  North 
America. 

Order  4.  Glumiflor^.  —  This  order  includes  the  Grasses, 
Sedges,  &c.,  and  is  of  but  little  importance  to  the  palaeontologist. 
In  the  Graminea,  exclusive  of  some  very  doubtful  forms,  we  may 
notice  that  Bambusa  (Bamboo)  occurs  in  the  Pliocene  of  Europe ; 
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but  that  the  so-called  Bambusium  is  probably  Equisetaceous. 
Arundo  and  the  allied  Phragmites  are  stated  to  make  thear  first 
appearance  in  the  Upper  Cretaceous  of  both  hemispheres ;  while 
Pseudophragmites  and  Arundites,  dating  from  the  Eocene,  are  more 
or  lesf  closely  allied  extinct  types.  In  the  Cyperacece  (Sedges) 
numerous  fossil  Tertiary  plants  have  been  described  as  Carex 
Cyperus,  Cyperites,  and  Scirpus,  the  former  being  also  recorded 
from  the  Laramie ;  but  all  these  determinations  are  exceedingly 
doubtful,  and  it  can  only  be  stated  with  certainty  that  Cyperus 
occurs  in  the  CEningen  Miocene.  . 

Order  5.  Scitamine^.— The  past  history  of  this  large  tropical 
order  is  even  more  imperfect  than  that  of  the  last.  In  the  Musacecs 
(Plantain)  large  leaves,  from  the  Eocene  and  higher  Tertiaries,  have 
been  described  under  the  names  of  Musaphyllum  or  Miisa,  but  Dr 
Schenk  suggests  that  some  at  least  of  these  may  belong  to  the 
Aracea.  Under  the  name  of  Zingiberites  imperfect  leaves,  from 
the  Upper  Cretaceous  of  Greenland  and  the  Swiss  Tertiary,  have 
been  regarded  as  indicating  fossil  Zingiberacea ;  and  a  similar  posi- 
tion has  been  given  to  Amomocarpum  and  Amofnophyllmn  of  the 
Upper  Eocene  of  Paris.  Finally,  Cannophyllites,  of  the  latter  beds, 
has  been  considered  as  an  ally  of  the  existing  Canna  among  the 
MarantacecB. 

Order  6.  Gynandr^e.— The  only  fossils  hitherto  referred  to  the 
Orchids  are  the  Protorchis  and  Palceorchis,  of  the  Middle  Eocene  of 
Monte  Bolca ;  and  it  is  probable  that  the  greater  number  of  these 
plants,  with  their  highly  specialised  and  complexly  perianthed  flowers, 
are  of  comparatively  recent  origin. 

Order  7.  Helobi^.  —  The  last  order  comprises  aquatic  and 
marsh  plants  which  date  back  to  the  Upper  Cretaceous.  Laharpia, 
from  the  Miocene  of  CEningen,  may  perhaps  indicate  a  member  of 
the  Jungaginacece.  allied  to  the  existing  Scheuchzeria.  In  the  AHs- 
macece  some  of  the  forms,  occurring  from  the  Cretaceous  upwards, 
referred  to  Alisma  and  Sagittaria,  may  be  correctly  named.  Btitomus 
has  been  recorded  from  the  Miocene  of  CEningen.  Of  the  Hydro- 
ckaritacece,  Stratiotes  and  Hydrocharis  have  been  described  from 
CEningen,  and  the  extinct  Hydrocharites  from  the  Miocene  of  Bonn  ; 
while  Valisneria  and  Ottelia  date  from  the  Upper  Eocene  of  the 
Paris  basin  in  Europe,  but  the  former  also  occurs  in  the  Laramie  of 
America,  and  thus  carries  back  its  origin  to  the  Cretaceous. 

Subclass  II.  Dicotyl^. — The  Dicotyledons  are  plants  having 
two  cotyledons  or  seed-leaves,  and  the  stems  exogenous  like  those 
of  the  Gymnosperms.  They  represent  the  highest  type  of  plant- 
life,  their  organisation  being  a  great  step  in  advance  of  the  Mono- 
cotyledons. The  earliest  known  members  of  this  group  occur  in 
the  reputed  Lower  Cretaceous  of  Greenland,  where,  however,  only  a 
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few  forms  are  known ;  but  when  we  come  to  the  Dakota  stage  of 
the  United  States,  which  is  usually  correlated  with  the  lower  part  of 
the  Upper  Cretaceous  of  Europe,  Dicotyledons  formed  a  large  pro- 
portion of  the  flora,  more  than  three  hundred  species  having  been 
described  in  1885,  which  belong  to  both  sections  of  the  sub- 
class. This  abundance  of  forms  pointing  to  the  conclusion  that 
the  origin  of  Dicotyledons  must  be  looked  for  in  considerably 
earlier  epochs. 

Very  different  views  are  held  by  authorities  as  to  the  classification 
of  Dicotyledons,  some  dividing  them  into  several  primary  groups, 
while  others  only  admit  the  three  divisions  Apetalse,  Polypetate,  and 

Gamopetalge.    Dr  Endlicher,  however,  makes  only  two  divisions  

Choripetalse  and  Sympetal^, — and  since  this  arrangement  is  adopted 
by  Dr  Schenk  in  his  '  Palaeophytologie,'  it  will  be  followed  in  this 
work. 

The  larger  proportion  of  the  Cretaceous  and  Eocene  Dicotyledons 
belong  to  the  Choripetalge,  and  especially  to  those  orders  in  which 
the  flowers  are  fertilised  merely  by  the  agency  of  the  wind ;  the 
more  specialised  Sympetalse,  which  require  the  aid  of  insects  for 
this  purpose  being  in  great  part  of  later  date.  The  labours  of  Baron 
von  Ettingshausen  have  shown  that  the  Cretaceous  and  early  Ter- 
tiary Dicotyledonous  (and  also  the  Monocotyledonous  and  Gymno- 
spermous)  flora  was  almost  similar  throughout  the  world  ;  and  that 
its  present  division  into  provinces  is  in  great  part  due  to  the  influ- 
ence of  one  or  more  glacial  periods.  Bearing  in  mind  this  world- 
wide distribution  of  so  many  of  the  genera,  it  will  be  unnecessary  in 
most  cases  to  do  more  than  mention  their  earliest  established  occur- 
rence ;  and  owing  to  the  immense  number  of  families  only  the  more 
important  types  can  be  even  mentioned  at  all.  Space  will  not 
permit  any  reference  to  the  gradual  diff"erentiation  of  the  existing 
floras,  or  to  the  interesting  distribution  of  modern  arctic  types  in 
the  Pleistocene,  for  which  the  reader  must  refer  to  the  works  of 
Baron  von  Ettingshausen,  Sir  J.  W.  Dawson,  and  other  writers. 
It  should  be  mentioned  that  in  the  case  of  trees  known  only  by 
the  leaves  the  generic  determination  may  be  open  to  doubt  in 
some  cases. 

Division  A.  Choripetalge. — This  large  group  is  characterised  by 
the  petals  being  either  absent,  or  if  present  not  united  together. 

Order  i.  AMENXACEiE. — This  order  comprises  trees  which  are 
typically  apetalous  with  the  male  flowers  in  the  form  of  catkins. 
It  includes  five  families,  and  comprises  some  of  the  earliest  known 
representatives  of  the  subclass.  The  first  family,  Casuarinida;,  is 
now  represented  only  by  the  well-known  Casuarina  of  the  Australian 
and  the  eastern  Malayan  regions  :  this  genus  apparently  occurs  in  the 
Lower  Tertiary  of  Sumatra,  but  it  is  very  improbable  that  the  Euro- 
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pean  fossils  described  under  this  name  are  really  referable  to  the 
group  With  the  Cupuliferce,  containing  the  Alders,  Birches,  Hazels, 
Beeches,  Oaks,  &c,  we  come  to  a  large  group  well  represented  in  a 
fossil  state,  many  of  the  forms  being  known  by  the  seeds  as  well  as 
-  the  leaves.  The  existing  genera  Alnus  (Alder),  and  Betula  (Birch), 
are  recorded  from  the  Laramie  and  Dakota  stages  of  the  Upper 


Fig.  1407. — Leaf  of  A  Imts  gracilis ;  from 
the  Miocene  of  Europe.  (After  Unger.) 


Fig.  1408. — Leaf  of  Betula  cuspidens, 
and  fruit  of  B.  dryadum  ;  from  the  Lower 
Miocene  of  Europe.  Reduced.  (After 
Saporta  and  Brongniart.) 


Cretaceous  of  the  United  States,  and  likewise  from  the  Cretaceous 
of  Greenland,  but  Dr  Schenk  suggests  some  doubt  as  to  whether 
these  forms  really  belong  to  the  living  genera,  and  would  prefer  to 
call  them  Alnophyllum  and  Betulophyllum.  An  allied  Cretaceous 
form  has  been  named  Alnites.  In  the  Tertiary  the  existing  genera 
(figs.  1407,  1408)  are  well  represented  from  the  Eocene  upwards. 
In  the  next  subgroup  Corylus  (Hazel),  Ostrya,  and  Carpinus  (Horn- 


beam) also  occur  from  the  Eocene,  while  the  former  is  recorded 
from  the  Laramie.  Fagus  (Beech)  dates  from  the  Dakota  stage, 
which  has  also  yielded  remains  referred  to  Castanea  (Chestnut);  and 
Castanopsis  has  been  recorded  from  the  American  Eocene,  and  the 
Australian  Tertiary,  although  it  is  suggested  that  some  of  the  forms 
so  named  may  belong  to  Dijophyllum.    The  latter  name  is  applied 
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to  elongated  leaves  (fig.  1409),  from  the  Upper  Cretaceous  and 
Eocene  of  both  Europe  and  North  America,  which  appear  to  be  in 

some  respects  intermediate  between  those  of 
Castanopsis  and  the  earlier  species  of  Oaks. 
The  leaves  of  Quercus  (Oak)  are  subject  to 
an  enormous  amount  of  variation,  rendering 
the  determination  of  fossil  forms  a  work  of 
extraordinary  difficulty.  One  of  the  most 
ordinary  and  characteristic  types  of  leaf  is 
shown  in  fig.  14 10,  but  in  the  early  Ter- 
tiary and  Upper  Cretaceous  we  meet  with 
long  slender  oak-leaves  approximating  to 
those  of  Castanea  in  general  contour.  The 
earliest  recorded  occurrence  of  the  genus 
is  in  the  Dakota  stage,  and  it  is  abundant- 
Fig.  1410. — Leaf  of  Quercus  ly  represented  throughout  the  Tertiaries ; 
(Aftlr'sche^k^""''  leaves,  from  the  Tertiary  of  Australia,  in 

which  country  oaks  are  now  absent,  have 
been  described  as  Quercus,  but  doubt  has  been  thrown  on  this 
determination.  In  the  Juglandacece,  the  genus  Juglans  (Walnut) 
probably  dates  from  the  Upper  Cretaceous  of  America  and  Green- 
land ;  the  Tertiary  species  of 
which  a  leaf  is  figured  in  the 
woodcut  occurs  on  both  sides 
of  the  Atlantic,  and  appears  to 
be  closely  allied  to  the  existing 
/.  regia.  The  name  Jugland- 
ites  has  been  applied  to  leaves 
from  the  Upper  Cretaceous  and 
Eocene  of  Europe,  which  are 
believed  to  indicate  an  allied 
type.  Carya  (Hickory),  now  confined  to  America,  is  recorded  from 
the  Cretaceous  of  that  country,  and  occurs  in  both  the  European 
and  American  Tertiaries.  Similarly  the  Old  World  Pterocarya  is 
represented  in  the  Tertiaries  of  both  hemispheres,  while  the  Oriental 
genus  Engelhardtia  occurs  in  the  Upper  Eocene  of  Aix,  where  it 
has  been  described  as  Palceocarya.  In  the  Myricacea  the  single 
genus  Myrica  makes  its  first  appearance  in  the  Upper  Cretaceous 
of  Greenland  and  North  America,  and  is  common  in  the  Tertiaries. 
Of  more  palseontological  importance  is  the  family  Sa/icacece,  in  which 
both  Fopulus  (Poplar)  and  Salix  (Willow),  (fig.  1415,  d),  date  from 
the  Upper  Cretaceous.  A  leaf  from  beds  at  Komi  in  Greenland, 
which  have  been  regarded  as  Lower  Cretaceous,  has,  indeed,  been 
described  as  Fopulus,  but  according  to  Mr  J.  S.  Gardner  on  totally 
insufficient  grounds ;  but  Sir  J.  W.  Dawson  considers  that  Salix 


Fig.  1411. — 'Lea.^  oi  yuglans  acutninata  ;  from 
the  Miocene  of  Europe.  Reduced.  (After 
Schenk.) 
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Fig.  1412. — Leaf  of  Pofiulus  laiior: 
from  the  Miocene  of  Europe.  Re- 
duced.   (After  Schenk.) 


may  occur  in  the  Lower  Cretaceous  of  the  United  States.  The 
rpecies  of  Populus  of  which  a  leaf  is  figured  m  the  woodcut  ex- 
tends from  the  Lower  Miocene  to  the 
Pliocene. 

Order  2.  URTiciNiE. — This  order 
contains  the  three  families  Uhiiacece, 
Urticacece,  and  Ceratophylea ;  the  last 
of  which  requires  no  further  mention. 
In  the  first  family  Ulmus  (Elm)  makes 
its  first  undoubted  appearance  in  the 
Upper  Eocene  (Lower  Oligocene)  of 
Aix,  in  Provence,  but  the  Asiatic  and 
American  Planera  dates  from  the  La- 
ramie Cretaceous,  and  is  common  in 
the  European  Tertiary.  Celtis  (Net- 
tle-tree), now  abundant  in  southern 

Europe,  is  well  represented  throughout  the  Continental  Miocene ; 
while  Moms  (Mulberry)  is  unknown  before  the  Upper  Miocene. 
The  tropical  Artocarpus  (Bread-fruit)  dates  from  the  Upper  Creta- 
ceous of  Greenland,  and  also  occurs  in  the  CEningen  Miocene  ;  and 
it  is  probable  that  some  of  the  forms  from  the  Lower  Eocene  and 
Miocene  of  Europe  described  under  the  names  Artiocarpidium  and 
Artiocarpoides  are  allied  types,  although  others  belong  to  Ficus. 
The  latter  genus  includes  the  numerous  species  of  Fig  mostly 
characteristic  of  the  warmer  regions  ;  it  dates  from  the  Greenland 
Cretaceous  and  the  Laramie,  and  is  abundant  in  the  Tertiaries  of 
many  parts  of  the  globe.    The  names  Ficonium  and  Protoficus  have 
been  applied  to  fig-like  leaves  from  the  Eocene,  some  of  which  may 
belong  to  this  family.    In  the  Urticacece  it  has  been  considered  that 
Urtica  (Nettle)  occurs  in  the  Middle  Miocene  of  Styria,  but  this 
requires  confirmation.    That  the  family  occurred  in  the  Tertiary  is, 
however,  proved  by  the  genus  Forskohleanthemum,  which  is  found 
in  amber,  and  is  allied  to  the  existing  tropical  and  subtropical 
genus  Forskohlea.     Here  may  be  mentioned  certain  genera  of 
uncertain  affinity  which  are  considered  by  Dr  Schenk  to  be  allied  to 
the  Urticacece,  although  Sir  J.  W.  Dawson  would  place  them  near  the 
Platanacece ;  these  comprise  the  Upper  Cretaceous  Crednerki  and 
Ettingshaiisia  from  Europe ;  Macclintockia,  with  more  elongated 
leaves,  from  both  the  Cretaceous  and  Eocene ;  and  Protophyllwn 
of  the  American  Cretaceous,  which  is  considered  by  Dr  Schenk  to 
be  allied  to  the  existing  Urticaceous  genus  Laportea. 

Order  3.  PiPERiNEiE. — In  this  group  Piper  (Pepper)  and  allied 
forms  described  as  Piperites  occur  in  the  Lower  Tertiary  of  Java 
and  Sumatra ;  the  existing  forms  being  now  tropical. 

Order  4.  CentrospermjE. — This  large  order,  which  includes  the 
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Pinks  and  Portulacas,  is  very  sparingly  represented  in  a  fossil  state 
but  we  may  mention  that  Polygonum,  Coccolabis,  and  Salsola  occur 
in  the  European  Miocene ;  while  Fisonia  is  found  in  the  Middle 
Tertiaries  of  both  Europe  and  North  America. 

Order  5.  Polycarpie^.— Of  the  nine  families  constituting  this 
order  only  the  Lauracece,  Nymphaacea,  and  Magnoliacece  are  of 
much  importance  to  the  palasontologist.    In  the 
Lauracece  the  existing  genera  Laurus  (Laurel), 
Sassafras  (fig.  141 5,  a)  Cimiamomum  (Cinnamon, 
fig-  141 3),  Persea  (Alligator-pear,  fig.  141 4),  and 
Oreodaphne,  occur  in  the  Upper  Cretaceous  of 
Europe  or  the  United  States,  and  throughout  the 
greater  part  of  the  Tertiaries.    With  the  excep- 
tion of  Laurus  all  these  genera  are  now  tropical 
or  subtropical,  Persea  and  Oreodaphne  being  re- 
stricted to  America  ;  and  their  abundance  in  the 
European  Tertiaries  affords  conclusive  proof  of 
the  warm  climate  of  that  epoch.  Ct}i?ia?nomujn 
also  occurs  in  the  Tertiary  of  Australia,  and  Litsaa 
in  that  of  Borneo.    In  the  Berberidacece  the  type 
genus  Berberis  (Berberry)  dates  from  the  Lower 
Miocene  j  but  with  the  Me?tisper}nacecB  we  return 
from  the  Cretaceous,  where  it  is  represented  in 
by  the  extinct  Menispermites.     Cocculus,  of  the 
found  in  the  European  Pliocene,  and  has  also 
been  recorded  from  the  Eocene,  but  the  latter  determination  is 
doubtful.    Leaving  out  some  other  unimportant  types  we  may  pass 
to  the  family  Magnoltacece,  which  has  a  palseontological  history  of 


Fig.  nx-^.— Cinnanio- 
mum polymorphum.  a, 
Leaf ;  b,  Flower  ;  from 
the  Upper  Miocene  of 
Europe.  Reduced. 

to  a  family  dating 
the  United  States 
Oriental  region, 


IS 


Fig.  1414.— Leaf  of  Persea  princefis  ;  from  the  Upper  Miocene  of  Switzerland.  Reduced. 

(After  Heer.) 

considerable  interest.  The  type  genus  Magfiolta,  so  well  known  for 
its  magnificent  white  flowers,  is  now  confined  to  Asia  and  North 
America,  but  in  the  Tertiary  was  spread  over  all  Europe,  and  has 
also  been  recorded  from  Australia ;  its  earliest  appearance  being  in 
the  Upper  Cretaceous  of  France  and  the  United  States.  The  other 
well-known  genus  is  Liriodendron,  now  represented  only  by  the 
handsome  Tulip-tree  (Z.  tuHpiferd)  of  eastern  America,  but  in  former 
times  having  a  wide  distribution,  and  dating  from  the  Cretaceous  of 
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both  hemispheres.    The  leaves  (fig.  141 5,  readily  recognised 

by  their  lyre-like  form  and  deep  terminal  emargmation. 

The  observations  of  Dr  Newberry  on  this  genus  are  so  interesting 
th-it  wiA  some  omissions  and  verbal  alterations,  they  may  be  quoted  at 
Sth  The  doctor  observes, "  that  a  plant  so  splendid  should  stand  alone 
n  fhevegetatS  of  the  present  day  excited  the  wonder  of  the  earlier 
botanists  but  the  Sassafras,  Sweet-gum,  and  the  Sequoias  of  the  West 
Sd  milar  examples  of 'isolation.  Three  species  l^zrwd^nd^n 
occur  in  the  Cretaceous  of  New  Jersey,  and  others  have  been  obtained 
from  the  Dakota  group  in  the  West,  and  from  the  Upper  Cretaceous  of 


Fig.  1415.  — Leaves  of  American  Cretaceous  Dicotyledons,  a,  Sassafras  cretaceum;  b, 
Liriodendron  Meeki]  c,  Leguminosites  M arcoiiamis  ;  d,  Salix  Meeki.  (After  Dana  and  Les- 
quereux.) 

Greenland.  Though  differing  considerably  among  themselves  in  size 
and  form,  all  these  have  the  deep  sinus  of  the  upper  extremity  of  the 
leaves  so  characteristic  of  the  genus,  and  the  venation  is  also  essentially 
the  same.  Hence  we  must  conclude  that  the  genus,  now  represented  by 
a  single  species,  was  in  the  Cretaceous  age  much  more  largely  developed, 
having  many  species,  and  those  scattered  over  many  lands.  In  the 
Tertiary  the  genus  continued  to  exist,  but  the  species  seem  to  have  been 
reduced  to  one,  which  is  hardly  to  be  distinguished  from  that  now  living. 
In  many  parts  of  Europe  leaves  of  the  tulip-tree  have  been  found,  and  it 
extended  as  far  south  as  Italy.    Three  European  species  have,  indeed, 
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been  described,  but  they  are  all  so  like  the  living  form  that  thev  should 
probab  y  be  united  with  it.  We  here  have  a  striking  illuSrS  of  the 
wide  distribution  of  a  species  which  has  retained  hs^  chSe^^^^^^^ 
apsV'o?  -f'l-l^-hanged  through  long  migrationstnTan  enormoul 
lapse  of  time.  In  Europe  the  tulip-tree,  like  many  of  its  American 
associates,  seems  to  have  been  destroyed  by  the  cold  of  the  glacia" 
period  the  Mediterranean  cutting  ofif  its  retreat;  but  in  AmeSca  i 
SfcHmat"'     "   '  '"'^  '"'^'^  '^'^  ameltomtion  of 

The  mainly  tropical  family  of  the  Anomcece  includes  trees  and 
shrubs  closely  allied  to  the  Magnolias,  and  the  existing  American 
and  Malayan  genus  Anona  is  represented  in  the  Upper  Cretaceous 
and  Tertiary  of  the  United  States,  while  in  Europe  it  is  found  from 
the  Eocene  to  the  Pliocene.  The  extra-tropical  North  American 
genus  Astmma  occurs  in  the  Laramie  and  Eocene  of  the  same 
regions.  The  large  family  of  the  Ranunculacece  is  sparingly  repre- 
sented in  a  fossil  state ;  thus  Clematis  has  been  recorded  from  the 
reputed  Pliocene  of  Japan,  the  Miocene  of  GEningen,  and  the 
Eocene  of  Croatia,  but  it  is  not  absolutely  certain  that  the  deter- 
mination is  correct.  The  same  remark  applies  to  other  Tertiary 
plants  referred  to  Raminculus  and  Hellebonis  {Helleborites).  The 
names  Deivalquea  and  Debea  have  been  applied  to  Upper  Cretaceous 
plants  considered  to  belong  to  this  family,  although  Dr  Schenk 
suggests  affinity  with  the  Aroidece.    The  Water-lilies  of  the  family 

Nymphceacea  date  from  the  Upper  Creta- 
ceous, where  we  meet  with  remains  of 
the  existing  genus  Nelmnbiitm,  succeeded 
in  the  Upper  Eocene  (Oligocene)  by 
Nytnphcea  (fig.  141 6).    Seeds  from  the 
Miocene  of  Germany,  described  as  Holo- 
pleura,  are  considered  to  be  allied  to 
those  of  the  celebrated  Victoria,  of  the 
African    lakes.      Other   Tertiary  types 
have  been  referred  to  extinct  genera 
under  the  names  of  Ancectonieria,  Nym- 
pJmites,  and  Carpolithes.     Finally,  the 
genus  Nuphar  is  unknown  before  the 
Norfolk  Forest-bed,  where  we  meet  with 
the  existing  Yellow  Water-lily. 
Order  6.  Rhoedin^e. — Of  the  Papaveracea  (Poppies)  and  Cruci- 
ferce,  constituting  this  order,  the  palasontological  history  is  almost  a 
blank,  although  a  few  Miocene  forms  have  been  referred  to  them. 
The  Crucifera  include  the  Cabbage  tribe. 

Order  7.  Cistiflor^. — This  order  is  of  somewhat  more  palason- 
tological  importance.  In  the  Violacece  (Violets  and  Pansies),  Au- 
chietea  is  recorded  from  the  Miocene  of  Auvergne ;  while  in  the 


Fig.  1416. — Under  surface  of  a 
leaf  of  Nelmnbiuvt  Duviasi  ;  from 
the  Upper  Eocene  of  France.  One- 
eighth  natural  size.  (After  Saporta.) 
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Cistacem  (Rock-roses)  a  Cistus  has  been  described  from  that  of 
Smany.^  A  from  the  Upper  Eocene  of  Saxony,  :s  the 

only  L  il  representative  of  the  Bixace^.  The  tropical  family 
°/"ISL  is^omewhat  better  known;  thus  we  find  Fentaphylax 
[ramber  of  middle  Tertiary  age,  while  Stuartta  also  occurs  in 
amber  as  well  as  in  Pliocene  beds.  The  genera  Ternstr<.mta, 
Freziera,  and  Sauruja  are  known  as  fossils  only  by  their  leaves  ; 
the  first  dating  from  the  Cretaceous  of  Bohemia,  the  second  from 
the  Eocene,  and  the  third  from  the  Miocene.  Another  tropical 
family,  the  F>ipterocarpece,  is  represented  in  the  Eocene  of  Sumatra 
and  Borneo  by  species  of  the  genus  Dipterocarpus,  now  inhabitmg 
the  same  regions,  and  yielding  the  balsam  of  Copaiba. 

Order  8.  Columnifer^.— This  order  includes  the  four  families 
TiliacecB,  Sterculiacece,  MalvacecB,  and  Bombacece.  In  the  first  the 
existing  genera  Tilia  (Lime),  Grewia,  and  Elaocarpus  occur  fossil, 
the  former  dating  from  the  Laramie,  and  the  two  latter  from  the 
Upper  Eocene  or  Lower  Miocene.  Of  extinct  genera  we  may 
mention  the  Cretaceous  and  Lower  Eocene  Grewiopsis  and  Apei- 
bopsis  ;  the  former  being  known  by  leaves,  and  the  latter  by  gourd- 
like fi-uits,  of  very  common  occurrence  in  the  London  Clay,  which 
resemble  those  of  the  existing  American  genus  Apeiba.  Norden- 
skiceldia  is  based  on  allied  fruits  from  the  Tertiary  of  Spitzbergen. 
The  Sterailiacea  is  an  exclusively  tropical  family  of  trees  and 
shrubs,  in  which  the  existing  genus 
Sterciilia  commences  in  the  Da- 
kota Cretaceous,  and  continues 
right  through  the  European  Ter- 
tiaries.  Extinct  genera  are  Dom- 
beyopsis,  Fterospermites,  and  Fraca- 
stella,  all  of  which  commence  in 
the  Cretaceous,  and  continue  to 
the  Lower  or  Middle  Tertiary. 
The  leaves  of  Do?tibeyopsts  (fig. 
141 7)  are  acutely  trilobate,  with 
numerous  veins.  The  Malvacea 
and  Bombacea  have  left  but  little 
record  of  their  past  history ;  but 
Botnbax  occurs  in  the  Upper  Eo- 
cene of  Europe. 

Order  9.  Gruinales. — The 
pateontology  of  this  order,  which 
includes  Geraniums,  Trop£eolums, 
Sorels,  Flax,  and  Balsams,  may  be  summed  up  in  very  few  words.  It 
is  thought  that  Geranitim  may  occur  in  amber ;  the  Tertiary  Oxali- 
dites  is  referred  to  the  Oxalidacece ;  but  the  Tertiary  fruit  described 


Fig. 


i  ifi.  1417. — Under  surface  of  a  leaf  of 
Doinbeyopsis  Dechcni;  from  the  Lower  Mio- 
cene of  Germany.  One-fourth  natural  size. 
(After  Schenk.) 
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Order  io.  Terebinthin^.— Of  the  families  constituting  this 
?n  thV'T?  '".^'"^  imperfectly  known  before  the  present  e'poch 
m  the  J?uface^  (Rue-worts  the  genus  Xant/ioxy/on,  which  is  now 
mamlytrop.cal  occurs  in  the  Upper  Eocene  and  Lower  Miocene 
ot  Europe,  and  also  m  the  North  American  Tertiaries  F^e/ea 
appears  at  the  same  date,  but  persists  to  the  close  of  the  Miocene 
period.    With  regard  to  Protamyris,  from  the  Tertiary  of  Croatia 
which  was  described  as  being  allied  to  the  existing  Amyris,  there  is 
considerable  doubt  whether  it  really  belongs  to  this  family  at  all 
In       Simarubacece  the  Indian  and  Chinese  genus  Ailanthus  was 
formerly  more  widely  spread,  being  found  in  Europe  from  the 
Upper  Eocene  to  the  Upper  Miocene.     There  is  some  doubt 
whether  the  plants  from  the  Middle  Eocene  of  Monte  Bolca 
referred  to  the  genus  Guajacites,  are  really  representatives  of  the 
American  family  Zygophyllacea.    The  large  family  of  the  Anacar- 
dtacecB,  typically  represented  by  the  tropical  Anacardium  (Cashew- 
tree),  IS  known  by  a  considerable  number  of  fossil  forms,  although 
there  is  some  doubt  as  to  whether  several  of  these  are  rightly  de- 
termined.   From  the  Upper  Eocene  of  Provence  a  fruit  has  been 
referred  to  this  family  under  the  name  of  Trilobium.  Pistachia 
(Pistachio),  now  distributed  over  the  temperate  zone  of  the  northern 
hemisphere,  is  known  from  the  European  Upper  Eocene  and  Mio- 
cene ;  while  the  name  Aftacardites  has  been  given  to  leaves  occur- 
ring from  the  Cretaceous  to  the  Miocene.    A  large  number  of 
species,  dating  from  the  Upper  Cretaceous  and  continuing  through 
the  Tertiaries  of  both  Europe  and  America,  have  been  referred  to 
Rhus  (Sumach),  but  it  is  probable  that  some  of  these  belong  to 
other  plants.    Of  the  other  families,  it  will  suffice  to  say  that  in 
the  Coriariacea.  the  genus  Coriaria  occurs  from  the  Lower  Miocene 
to  the  Pliocene  of  Europe. 

Order  h.  ^sculin^. — In  this  order  the  family  Sapindacece, 
with  the  exception  of  Koelreuteria,  Staphylea,  and  JEsculus,  is  now 
confined  to  the  tropics,  and  includes  trees  of  large  size.  Fruits 
from  the  London  Clay  termed  Cupanoides,  and  others  from  the 
Miocene  of  Croatia  described  as  Cupaniies,  are  believed  to  have 
belonged  to  sapindaceous  trees  allied  to  Cupania.  Paullinia  has 
been  recorded  from  the  Middle  Tertiaries  of  the  Continent,  while 
Kozlreuteria  occurs  in  the  Upper  Miocene.  Fruits  from  the  Ter- 
tiary of  Eubxa  have  been  referred  to  Nephelium,  while  an  imperfect 
leaf  from  Borneo  probably  belongs  to  the  same  genus.  Sapindi/s, 
which  in  America  does  not  range  north  of  Texas,  is  abundantly  re- 
presented in  the  Upper  Cretaceous  and  Tertiaries  of  both  the  Old 
and  New  Worlds.  jEscuIus  (Horse-chestnut)  has  been  recorded 
from  the  Laramie  beds,  but  in  Europe  appears  to  be  unknown 
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Fig.  1418. — Leaf  and  seed 
of  Acer  acutilobata ;  from 
the  Miocene  of  Germany. 
One  -  third  natural  size. 
(After  Schenk.) 


before  the  Lower  Miocene,  although  said  to  be  abundant  m  the 
earner  Tertiaries  of  Japan.  Dodon^a,  now  mamly  confined  to  the 
southern  hemispheres,  is  found  in  the  Tertiar.es  of  Europe  and 
North  America.  Again,  Staphylea,  which  is  unknown  as  a  fossu  m 
Europe,  is  abundant  in  the  Eocene  of  the 
United  States.  The  genus  Acer  (Maple  and 
Sycamore),  now  widely  distributed,  is  repre- 
sented by  a  great  number  of  fossil  species 
ranging  from  the  Laramie  stage  upwards.  The 
leaves  are  subject  to  great  variation  in  form, 
the  most  remarkable  types  occurring  in  the 
Pliocene  A.  polytnorpha  ;  the  woodcut  shows 
a  leaf  of  the  more  ordinary  form  together  with 
one  of  the  characteristic  winged  seeds. 

The  mainly  tropical  family  Malpighiacea 
is  represented  in  the  Tertiary  from  the  Upper 
Eocene  to  the  higher  Miocene  by  several 
existing  genera,  such  as  Stigmaphyllum, 
Banisteria,  Tetrapteris,  and  Hircea,  together 
with  the  extinct  Ma/pighiastrum,  ranging 
from  the  Eocene  to  the  Upper  Miocene  or  Pliocene ;  the  whole  of 
the  above-mentioned  existing  genera  being  now  confined  to  America. 

In  this  place  we  may  mention  the  family  Platanacea  which  is 
placed  by  some  writers  in  the  Amentacese  or  Urticin^,  but  of 
which  the  ovary  and  the  general  ap- 
pearance of  the  trees  bring  it  near  to 
the  Maples  and  Sycamores.  Of  the 
single  genus  Platatius  (fig.  141 9)  there 
is  now  one  species  in  Asia  Minor  and 
another  in  North  America  ;  fossil  forms 
occurring  as  low  down  as  the  Dakota 
Cretaceous  and  continuing  through  the 
Tertiaries  of  both  hemispheres,  their 
last  appearance  in  Europe  being  in  the 
CEningen  Miocene. 

Order  12.  Frangulin^. — Among 
the  more  important  fossil  forms  found 
in  this  order  we  may  mention  that  in 
the  Celastracea  Euonomus  (Spindle- 
wood)  makes  its  first  known  appearance  in  the  Miocene  by  forms 
allied  to  Indian  types ;  while  Celastrus  dates  from  the  Cretaceous 
of  Greenland,  and  is  known  by  a  host  of  Tertiary  species.  The 
two  extinct  genera  Celastrophyllum  and  Celastrinites  commence  in 
the  Upper  Cretaceous,  the  one  continuing  to  the  Pliocene  but  the 
other  unknown  above  the  Eocene.  Finally,  remains  from  the 
Miocene  of  Styria  have  been  referred  to  the  South  American 


Fig.  1419.  —  Platanus  aceroides. 
a,  Leaf ;  b.  The  core  of  a  bundle  of 
pericarps  ;  c,  A  single  fruit  or  peri- 
carp, natural  size.    Upper  Miocene. 
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genus  May  enus.  Whether  the  Iflppocrateace^  and  m^osporeace^ 
occur  fossil  IS  uncertain,  although  Tertiary  plants  fronf  Styria 
have  been  referred  to  If/ppocrafea  and  others  from  Provence  to 
r'lttosporiivi. 

In  the  AquifoHacecB  the  genus  Ilex,  typically  represented  bv  the 
Holly,  is  abundantly  represented  throughout  the  Tertiaries,  and  is 
also  recorded  from  the  Cretaceous  of  both  hemispheres,  commencing 
in  the  Dakota  stage.  The  extensive  family  of  the  Rhamnacea  has 
attorded  ample  proof  of  its  existence  in  earlier  periods  ;  thus  the  Old 
World  genus  Paliurus,  and  the  tropical  Zizyphiis  (Jujube) both  date 
trom  the  Cretaceous  and  persist  in  Europe  till  the  Pliocene.  In 
the  Laramie  Cretaceous  and  the  European  Tertiary  we  have  the 
existing  American  genus  Berchemia ;  while  other  plants  from  the 
Laramie  have  been  made  the  types  of  an  extinct  genus  Rhamnites. 
Finally,  the  genus  Rhamnus  (Buckthorn),  mainly  characteristic  of 
the  northern  temperate  zone,  can  be  traced  back  to  the  Upper  Cre- 
taceous of  the  Old  and  New  Worlds.  The  last  family  of  this  order 
IS  the  Vitacece,  in  which  we  find  Cissus,  of  the  tropics,  recorded  from 
the  Miocene  of  Croatia  and  elsewhere ;  allied  Cretaceous  forms  de- 
scribed as  Cissites  and  Chondrophyllum  ;  while  Vitis  (Vine)  itself  is 
known  to  date  as  far  back  as  the  Laramie  Cretaceous. 

Order  13.  Tricocc^.  — Of  this  order,  which  includes  the 
Euphorbiacece  (Spurges),  Buxacece  (Box),  and  Ejnpetracece,  the 
pal  aeon  tological  history  is  almost  a  blank  ;  the  first  family  being  un- 
known in  a  fossil  state,  the  second  dating  from  the  Pliocene,  and 
the  third  from  the  Pleistocene. 

Order  14.  Umbelliflor^. — The  occurrence  of  the  typical 
family  Umbelliferce,  of  which  Parsley  is  a  well-known  representative, 
in  a  fossil  state  is  doubtful,  but  the  other  two  families  are  commonly 
represented.  Thus  in  the  Araliacece  Panax  occurs  in  the  Mio- 
cene, and  has  also  been  recorded  from  the  Upper  Cretaceous ;  while 
Aralia  also  dates  from  the  same  epoch  and  was  abundant  in  the 
Eocene ;  and  Hedera  (Ivy)  is  first  known  from  the  early  period  of 
the  Dakota  stage.  Finally,  in  the  Cornacea  the  typical  genus  Cornus 
(Cornel)  together  with  Nyssa  make  their  appearance  in  the  Upper 
Cretaceous. 

Orders  15,  Saxifragin^;  16,  Opuntin^e;  17,  Passiflorin^. — 
Of  these  three  orders  the  second  is  totally  unknown  in  a  fossil  state, 
while  the  only  trace  of  the  third  (Passion-flowers)  is  afforded  by 
some  exceedingly  doubtful  leaves  from  the  Oligocene.  In  the  first, 
however,  the  family  HamamelidacecB  is  represented  in  the  European 
Miocene  by  species  of  the  existing  Asiatic  genus  Parrotia,  and  by 
the  extinct  Hamaitielites  of  the  Lower  Eocene  of  Suzanne,  while 
Liquida7nbar  (Sweet-gum)  dates  from  the  Cretaceous  of  Europe  and 
the  United  States,  the  Cretaceous  species  having  the  leaves  with 
entire  margins. 
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Order  18.  MvRTiFLOR^.-In  the  Onogracec^  the  well-known 
genus  rra/a  (Water-chestnut),  characterised  by  its  peculiar  spiked 
fn^l  4d  no  V  confined  to  the  Old  World,  makes  its  first  known 
ptarnceTn  the  Laramie  Cretaceous  of  the  United  States,  while 
n'^Europe   t  dates  from  the  Upper  Eocene  (Lower  Ohgocene) 
Curiously  enough  T.  borealis  of  the  Tertiary  of  Alaska  and  the 
LarTn'^'stage  is  allied  to  the  existing  Oriental  T  bhp^nosa,  and 
not  to  the  four-spined  European  species ;  the  writer  has  seen  speci- 
mens from  the  Pliocene  Siwaliks  of  Perim  Island  which  probably 
belong  to  T.  bkpinosa.    The  family  Halorhagidacea  is  not  known 
before  the  Pleistocene  ;  while  there  is  only  very  doubtful  evidence 
as  to  the  occurrence  of  the  Combretacea,  Lythrariacece,  and  Melas- 
tomacecE  in  a  fossil  state,  although  plants  from  the  Eocene  of  Pro- 
vence have  been  referred  to  Terminalia  {C ombre tacece),  and  the  name 
Melastomites  has  been  applied  to  others  from  the  Westphalian  Cre- 
taceous    In  the  MyrtacecB,  however,  we  have  a  large  number  ot 
fossil  forms ;  thus  Myrtus  (Myrtle)  dates  from  the  Upper  Eocene  of 
Provence,  while  an  apparently  allied  Cretaceous  type  has  received 
the  name  of  Myrtophylluni.   The  genus  Metrosideros,  which  includes 
several  climbing  species,  and  is  now  characteristic  of  the  Moluccas 
and  the  Australasian  region,  appears  to  be  represented  in  Europe 
from  the  Cretaceous  to  the  Miocene  ;  while  Eucalyptus  (Gum-tree), 
of  Australia,  occurs  in  the  Laramie  Cretaceous  and  the  European 
Tertiaries.    Finally,  Callistemophyllum  and  Leptospermites  are  ex- 
tinct European  Tertiary  types. 

Order  19.  Thymelin^. — In  the  two  families  ThymelaacecB  and 
Eleagnacece  the  Australian  genus  Pimelea  has  been  recorded  from 
the  Lower  Tertiary  of  Europe  and  the  United  States,  while  Daphne 
is  common  in  the  European  Tertiaries.  A  number  of  fossil  forms 
have  been  referred  to  the  large  family  Proteacece,  but  since  at  least 
in  some  cases  the  determinations  are  doubtful  it  will  suffice  to  state 
that  plants  dating  from  the  Eocene  have  been  referred  to  the  exist- 
ing genera  Dryandra,  Banksia,  Knightia,  Lomatia,  Grevilka,  and 
Persoonia ;  while  as  extinct  types  we  have  the  Cretaceous  Dryan- 
droides,  and  the  Eocene  Banksites,  Knightites,  Embothrites,  Loma- 
tites,  &c. 

Order  20.  RosiFLORiE. — This  important  order  is  not  well  repre- 
sented in  a  fossil  state,  although  in  some  genera  a  considerable 
number  of  species  have  been  described.  In  the  Rosacea:  the  genus 
Rosa  (Rose)  appears  to  be  represented  by  several  Miocene  species ; 
while  among  the  Amygdalacece  Primus  (Plum)  and  Amygda/us 
(Almond)  certainly  date  from  the  Miocene,  and  are  perhaps  of  ear- 
lier origin.  In  the  Pomacece  Pirus  (Pear)  would  likewise  appear  to 
occur  in  the  Miocene,  but  the  North  American  Cretaceous  plant 
referred  to  this  genus  is  probably  different;  while  of  other  types 
Amelianchier  (Medlar)  has  been  recorded  from  the  Tertiary  of 
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Europe  and  the  United  States  and  also  from  the  Laramie.  Coton- 

^rCth";:      °^       ^-^-^^^  (^^h-) 

Order  21.  Leguminos^.— The  large  and  well-known  order  of 
Legummous  plants,  in  which  the  fruit  is  usually  in  the  form  of  a 
pod  or  legume,  in  which  the  seeds  are  placed,  is  divided  into  three 
families,  of  which  the  palseontological  history  is  still  imperfect  In 
the  FaMonacece,  characterised  by  their  imbricate  papilionaceous 
petals,  leaves  from  the  Miocene  of  Croatia  have  been  referred  to  the 
Australian  genus  GastroloMiim,  but  the  determination  is  very  doubt- 
ful;  and  the  same  remark  applies  to  those  described  as  Oxylobium. 
Genista  (Broom)  has  been  recorded  from  the  Miocene  of  Germany  • 
Cytisus  from  several  European  Miocene  deposits ;  and  Trigonella 
Indigofera  (Indigo),  and  Tephrosia  from  the  Upper  Miocene  of 
CEningen.    Robinia  apparently  dates  from  the  Lower  Miocene  of 
Germany ;  while  Colutea  occurs  at  CEningen,  and  is  also  recorded 
from  the  Cretaceous  of  America  and  Greenland  ;  and  Eryihina  is  re- 
presented in  the  Croatian  Miocene.   Passing  by  some  less  important 
forms  we  may  notice  that  Dalbergia,  now  mainly  confined  to  India, 
is  common  in  the  European  Tertiaries,  and  is  also  recorded  from 
the  Cretaceous  ;  while  the  American  Drepanocarpiis  occurs  in  the 
Eocene  of  Monte  Bolca,  the  Asiatic  Pterocarpus  in  the  Miocene, 
and  the  American  Piscidia  in  the  Miocene  of  Croatia.  Mtcropodium, 
Phascolites,  and  Ervites  are  extinct  types  from  the  Upper  Eocene  of 
Provence ;  Palaolobium,  of  the  European  Miocene,  being  also  ex- 
tinct.   Finally,  Cercis  (Judas-tree),  now  represented  by  only  a  few 
species  in  the  northern  hemisphere,  of  which  one  occurs  in  southern 
Europe,  dates  from  the  Laramie  Cretaceous,  and  is  abundant  in  the 
Tertiaries.    In  the  Casa/piniacecs  the  genus  Gleditschia,  now  con- 
fined to  North  America  and  China,  occurs  in  the  European  Miocene, 
while  Cccsalpinia  dates  from  the  Eocene.    The  Upper  Eocene  of 
Provence  has  yielded  an  extinct  type  termed  Casalpinites.  The 
widely  spread  tropical  and  subtropical  genus  Cassia  makes  its  first 
appearance  in  the  Cretaceous  of  both  hemispheres;  Bauhuiia 
occurs  in  the  Miocene  of  Croatia  and  GEningen ;  and  Ceratonia  and 
Copaifera  date  from  the  Eocene.    Hymenaa,  of  tropical  America, 
is  found  in  the  Cretaceous  of  France  and  New  Jersey ;  and  the  ex- 
tinct Podogonium  ranges  from  the  Laramie  Cretaceous  to  the 
CEningen  Miocene.    In  the  third  family,  or  Mwiosacece,  Prosopis 
and  Inga  are  described  from  the  Eocene  of  Eubsea ;  while  Mimosa 
and  Acacia  date  from  the  Upper  Eocene  of  Provence.    In  conclu- 
sion we  have  to  mention  the  extinct  genus  Zeguminosites  (fig.  141 5, 
c),  ranging  from  the  Cretaceous  to  the  Miocene,  of  which  the  serial 
position  is  at  present  undetermined. 

Order  22.  HEXEROPHYLLEi*;. — With  this  order  we  come  to  the 
end  of  the  Choripetalae.    In  the  Aristolochiacece,  the  type  genus 
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Aristolochia,  which  includes  dimbing  plants,  usually  having  coloured 
sepals,  dates  from  the  Dakota  Cretaceous,  and  also  occurs  m  the 
European  Miocene.  The  occurrence  of  fossil  representatives  of  the 
Santalacece  is  open  to  some  doubt;  but  remains  attributed  to  the 
genera  Leptomeria,  Osyris,  and  Sanialum  have  been  described  from 
the  European  Eocene  and  Miocene.  The  alleged  occurrence  of 
fossil  representatives  of  the  Rafflesiacea  and  Balanophoracem  is  too 
doubtful  to  need  mention. 

Division  B.  Sympetal^. — With  this  second  primary  division  ot 
the  Dicotyledons  we  reach  the  last  and  most  specialised  group  of 
plants,  characterised  by  the  union  of  the  lower  part  of  the  petals 
into  a  complete  tube.  These  plants  are  dependent  entirely,  or  to 
a  great  extent,  upon  the  aid  of  insects  for  their  fertilisation,  and  a 
large  proportion  of  them  are  in  all  probability  of  comparatively 
modern  origin.  The  group  is  frequendy  termed  Gamopetalae,  and 
is  divided  into  nine  orders. 

Order  i.  Bicornes. — The  family  Ericacece  is  important  from 
the  effect  which  its  massed  foliage  produces  upon  the  landscape  of 
many  regions  of  the  globe.  Its  type  genus  Erica  (Heath),  which 
is  exclusively  Old  World,  and  very  characteristic  of  the  Cape,  ap- 
pears to  be  unknown  before  the  Upper  Miocene  of  CEningen  ;  while 
Andro7?ieda  and  Leucothea  date  from  the  Eocene.  Gaultheria  has 
likewise  been  traced  back  to  the  Eocene,  in  which  period  occur  the 
extinct  types  described  as  Andromedites  and  Arbutites,  and  also  a 
species  referred  to  the  existing  genus  Arbutus.  The  Rhododen- 
drons, which  some  writers  make  the  type  of  a  distinct  family,  are 
represented  by  species  of  the  widely-spread  genus  Rhododendron  in 
the  Eocene  and  Miocene,  and  by  Azalea  in  the  Miocene  of  Croatia 
and  elsewhere.  In  the  Vacciniacece,  the  type  genus  Vaccinhim  (Cran- 
berry) is  recorded  from  the  Upper  Eocene  of  Provence  and  higher 
deposits. 

Order  2.  Primulin^. — In  this  order  the  subtropical  and  tropical 
genus  Myrsine,  the  type  of  the  family  Myrsiniacece^  is  said  to  date 
from  the  Upper  Cretaceous,  and  is  well  represented  in  the  Eocene 
of  Provence  and  the  higher  Tertiaries.  Myrsinites  is  an  extinct 
Tertiary  type ;  and  we  also  find  in  the  Tertiary  representatives  of 
Ardisia,  and  some  other  forms  of  doubtful  affinity. 

Order  3.  Diospyrin^. — Coriaceous  leaves,  found  in  the  Upper 
Cretaceous  of  Greenland  and  the  United  States,  and  also  in  the 
Lower  and  Middle  Tertiaries,  have  been  described  under  the  name 
of  Sapotites  as  being  allied  to  the  American  and  Australian  genus 
Sapoia,  the  type  of  the  family  Sapotacece.  The  existing  American 
genus  Butnelia  occurs  in  the  Green  River  Eocene  of  that  country, 
and  also  in  the  Eocene  of  Provence  and  other  Old  World  Tertiaries. 
Achras,  which  is  likewise  now  exclusively  American,  has  been  de- 
scribed from  the  Croatian  Miocene.    In  the  Ebenacece  the  genus 
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Dwspyros  (Ebony),  now  mainly  tropical,  is  represented  by  a  few 
species  in  the  Dakota  and  Greenland  Cretaceous,  is  very  abundant 
in  the  Upper  Eocene  of  Provence,  but  has  almost  disappeared  from 
Europe  in  the  Miocene.  Finally,  in  the  Styracacece,  the  existing 
Asiatic  and  American  genus  Symplocos  dates  from  the  Lower  Eocene 
of  Europe. 

Order  4.  Contort/e.— In  this  order  the  Getitianacece  (Gentians) 
are  unknown  before  the  Pleistocene.  In  the  Oleaceiz,  which  in- 
cludes most  of  the  European  trees  belonging  to  the  present  division, 
Olea  (Olive)  makes  its  appearance  in  the  Eocene  of  Provence; 
while  the  Australian  genus  Notelcea  is  recorded  from  the  Eocene 
and  Miocene  of  the  Continent ;  and  Fraxinus  (Ash)  occurs  as  far 
back  as  the  Laramie  Cretaceous.  In  the  ApocyanacecB  we  may 
mention  Nerium,  from  the  European  Cretaceous  and  Tertiary,  and 
TaberncBviontana,  from  the  Eocene  and  Miocene  ;  together  with  the 
extinct  Echitonium,  of  the  Eocene,  and  Apocynophyllum,  of  the  Cre- 
taceous and  Tertiary. 

Order  5.  Tubiflor^. — In  the  ConvolvulaceEe  the  tropical  genus 
Parana  occurs  in  the  Upper  Miocene  of  (Eningen,  and  the  some- 
what older  Tertiary  of  Croatia ;  while  plants  from  the  upper  lignites 
of  Winterhafen  have  been  referred  to  Convolvulus.  It  is  very  doubt- 
ful if  the  Asperifoliacece  are  represented  in  a  fossil  condition,  while 
the  SolanacecB  (Night-shade,  Potato,  Tomato,  Tobacco,  &c.),  are 
unknown.^ 

Order  6.  Labiatiflor^. — The  only  family  of  this  order  of 
which  we  have  any  certain  pateontological  record  is  that  of  the 
BtgnoniacecB,  in  which  we  have  representatives  of  the  existing 
American  genus  Catalpa  in  the  Laramie  Cretaceous,  and  perhaps 
in  the  European  Tertiaries.  The  occurrence  of  Bigtionia  in  the 
latter  is  very  doubtful. 

Order  7.  Campanulin^. — This  group,  containing  the  Cam- 
panulas, Gourds,  &c.,  seems  to  be  unknown  before  the  present 
epoch. 

Order  8.  Rubiin^e. — In  this  order  the  Riibiacece  are  represented 
in  the  Miocene  of  Bonn  by  the  extinct  Rubiacites ;  and  we  have 
evidence  of  the  existence  of  the  handsome  Asiatic  and  African 
genus  Gardenia  in  the  Miocene  of  (Eningen  and  the  Lower  Eocene 
of  the  Soissonais.  In  the  Caprifoliacecz,  the  widely-spread  genus 
Viburnum  is  represented  by  a  number  of  species  in  the  Laramie 
Cretaceous,  and  less  commonly  in  the  Tertiaries.  The  Miocene  of 
CEningen  has  yielded  remains  of  Lonicera. 

Suborder  8.  Aggregat/E. — With  the  specialised  ComposiUe  we 
come  to  the  end  of  our  brief  survey  of  the  palaeontological  history 
of  the  Vegetable  Kingdom.    These  plants  are  characterised  by  the 

1  The  Eocene  Solanites  does  not  belong  to  this  family. 
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collection  of  the  small  separate  flowers  in  a  common  receptacle,  the 
peripheral  florets  being  modified  into  strap-like  rays  surroundmg 
the  fertile  flowers  of  the  disk.  All  the  fossil  forms  have  been  re- 
ferred to  extinct  genera,  and  include  Parthenites  and  Cypselites,  of 
the  Upper  Eocene  of  Provence ;  Bidefttites,  from  the  Upper  Miocene 
of  CEningen ;  Byoserites,  from  the  Tertiary  of  Priesen ;  Hieracites, 
from  Provence;  and  Silphidium,  from  the  Tertiary  of  Chiavon, 
which  is  supposed  to  be  allied  to  the  existing  Silphium. 

In  this  place  it  may  be  well  to  mention  certain  flowers  from  the 
Amboy  Clays  of  New  Jersey — the  equivalents  of  the  Dakota  Creta- 
ceous— which  have  been  described  under  the  name  of  Faltzanthus, 
and  are  stated  to  present  resemblances  to  those  of  the  Composite. 
Dr  Newberry  observes,  however,  that  "though  these  flowers  so 
much  resemble  those  of  the  Compositce,  we  are  not  yet  warranted  in 
asserting  that  such  is  certainly  their  character." 


LITERATURE. 

The  subjoined  list  comprises  only  a  very  limited  selection  from  the 
great  series  of  works  and  memoirs  dealing  with  the  subject  of  Paleo- 
botany. The  student  desirous  of  fuller  information  as  to  the  sources  of 
knowledge  as  to  fossil  plants  should  consult  the  "  Literaturverzeichniss  " 
given  by  Count  Solms-Laubach  in  his  "  Einleitung  in  die  Palaophy- 
tologie"  and  the  complete  bibliography  of  works  treating  of  Palaeozoic 
plants  given  by  Mr  Kidston  in  his  "  Catalogue  of  the  Palaeozoic  Plants  in 
the  British  Museum." 

1.  "  Handbuch  der  Palaeontologie."   K.  A.  von  Zittel.  Abtheil.  ii.  "  Pal- 

seophytologie,"  by  W.  Ph.  Schimper  and  A.  Schenk.    1879- 1889. 

2.  "  Einleitung  in  die  Palaophytologie."    Count  Solms-Laubach.  1887. 

3.  "Traite  de  Pal^ontologie  Vegetale."    W.  Ph.  Schimper.  1869-74. 

4.  "  The  Geological  History  of  Plants"  ('  International  Scientific  Series'). 

J.  W.  Dawson.  1888. 

5.  "  Cours  de  Botanique  Fossile."    Renault.  1881-85. 

6.  "  Evolution  du  R^gne  Vegetal."  '  Cryptogams,'  1881.  '  Phanerogams,' 

1885.    Saporta  and  Marion. 

7.  "  Versuch  einer  Geschichte  der  Pflanzenwelt."    Unger.  1852. 

8.  "  Monographie  der  fossilen  Coniferen.    Goppert.  1850. 

9.  "  Die  Flora  des  Bernsteins."    Goppert  and  Menge.  1883. 

10.  "  Flora  tertiaria  Helvetia."    O.  Heer.  1855-56. 

11.  "  Flora  fossilis  arctica."    O.  Heer.  1868-83. 

12.  "  The  Fossil  Flora  of  Great  Britain."   Lindley  and  Hutton.  1831-37. 

13.  "The  Fossil  Flora  of  the  Gondwana  System."     '  Palasontologia 

Indica.'    Ser.  11.,  xl.,  xli.    1863-82.    Ottokar  Feistmantel. 
{For  other  works  by  this  author  see  Kidstoiis  "  Catalogue."') 

14.  "  Die  Tertiarfloren  der  Oesterrelchlschen  Monarchle."    '  Abhandl. 

d.  k.  k.  Relchsanstalt  zu  Wein.'    1855.    C.  von  Ettingshausen. 

15.  "  On  the  Fossil  Flora  of  New  Zealand."    '  Geol.  Mag.'    1877.  Also 

"  On  the  Tertiary  Flora  of  AustraHa."  Ibid.  C.  von  Ettingshausen. 

16.  "Acadian  Geology,"  2d  ed.    1868.    J.  W.  Dawson. 

VOL.  II.  2  u 


1560 


LITERATURE. 


17.  "  The  Fossil  Plants  of  the  Devonian  and  Upper  Silurian  Formations 

of  Canada."  'Mem.  Geol.  Survey  of  Canada.'  1871  and  1872 
J.  W.  Dawson. 

18.  "Report  on  the  Fossil  Plants  of  the  Lower  Carboniferous  and  Mill- 

stone Grit  Formations  of  Canada."  '  Mem.  Geol.  Survey  of 
Canada.'    1873.    J-  W.  Dawson. 

19.  "  Description  of  the  Coal  Flora  of  the  Carboniferous  Formation  in 

Pennsylvania  and  throughout  the  United  States."  '  Reports  of 
the  2d  Geolog.  Survey  of  Pennsylvania.'  1880  and  1884.  L.  Les- 
quereux. 

20.  "  The  Tertiary  Flora  of  the  Western  Territories."    '  Reports  of  the 

U.S.  Geol.  Survey  of  the  Territories,'  vol.  vii.,  1878.  L.  Lesquereux. 

21.  "  Synopsis  of  the  Fauna  of  the  Laramie  Group."    '  Sixth  Ann.  Rep 

of  the  U.S.  Geol.  Survey.'    1885.    L.  F.  Ward. 

22.  "  Flore  Carbonif^re  du  department  de  la  Loire  et  du  centre  de  la 

France."    Grand'  Eury.  1877. 

23.  "  Die   Versteinerungen    der    Steinkohlenformation    in  Sachsen." 

Geinitz.  1853. 

24.  "  On  the  Organisation  of  the  Fossil  Plants  of  the  Coal-Measures." 

'Phil.  Trans.,'  1871,  1872,  1873,  1874,  1876,  1877,  1878,  1880, 
1 88 1,  1883.    W.  C.  WiUiamson. 

25.  "  A  Monograph  on  the  Morphology  and  Histology  of  Stigmaria 

ficoides."  '  Palaeontographical  Society.'  1887.  W.  C.  Wil- 
liamson. 

26.  "  On  Fossil  Cycadean  Stems  from  the  Secondary  Rocks  of  Britain." 

'Trans.  Linn.  Soc'    1868.    W.  Carruthers. 

27.  "  On  the  History,  Histological  Structure,  and  Affinities  of  Nemato- 

phycus  Logani,  Carr.  (Prototaxites  Logani,  Dawson),  an  Alga  of 
Devonian  Age."  '  Monthly  Microscopical  Journ.'  1872.  W. 
Carruthers. 

28.  "  Catalogue  of  the  Palaeozoic  Plants  in  the  British  Museum."  1886. 

R.  Kidston. 

29.  "  On  the  Fructification  and  Affinities  of  Archaeopteris  hibernica." 

'Ann.  and  Mag.  Nat.  Hist'    1888.    R.  Kidston. 

30.  "  A  Monograph  of  the  British  Eocene  Flora."    '  Palaeontographical 

Society.'  Vol.  i.  "  Fihces"  (1879,  1880,  and  1882),  by  J.  S.  Gard- 
ner and  C.  von  Ettingshausen.  Vol.  ii.  "  Gymnospennae"  (1883, 
1884,  and  1885),  by  J.  S.  Gardner. 

31.  "  On  Mesozoic  Angiosperms."     '  Geol.  Magazine.'     1886.    J.  S. 

Gardner. 

32.  "  The  Appearance  and  Development  of  Dicotyledons  in  Time."  Ibid. 

1887.    J.  S.  Gardner. 

33.  "  Observations  sur  les  Algues  calcaires  appartenant  au  groupe  des 

Siphonees  verticillees  et  confondues  avec  les  Foraminiferes." 
'  Comptes  rendus,' tom.  Ixxxv.,  1877.  Munier-Chalmas. 

34.  "  Die  Sogenannten  Nulliporen  "  (Lithothamnium  und  Dactylopora). 

'Abhandl.  der  k.  Bayerischen  Akad.  der  Wiss.'    Bd.  XI.  1874. 

35.  "  Zur  Kenntniss  fossiler  Kalkalgen  (Siphoneen)."    '  Neues  Jahrb. 

fiir  Min.  Geol.  und  Pateontologie.'    1880.  Steinmann. 

36.  "  Geologische  Algenstudien."    '  Jahrb.  d.  k.  preuss.  geol.  Landes- 

anstalt.'    1880.  Bornemann. 

37.  "  On  the  Fossil  Flora  of  the  Radstock  Series  of  the  Somerset  and 

Bristol  Coalfield."  'Trans.  Roy.  Soc.  Edin.,'  vol.  xxxiii.  1888. 
A.  C.  Seward.  ,      ^  1 

38.  "  Sketch  of  Palaeobotany."    '  Fifth  Ann.  Rep.  of  the  U.S.  Geol. 

Survey.'    1885.    L.  F.  Ward. 


APPENDIX 


APPENDIX. 


I.  INVERTEBRATE  ANIMALS. 

FORAMINIFERA. 

Mr  E.  Wethered  has  shown  (' Geol.  Mag.,'  May  1889)  that 
forms  of  Girvanella  (see  p.  127)  occur  abundantly  in  some  of  the 
Jurassic  Hmestones  of  Britain.  Mr  Wethered  has  also  made  the 
interesting  observation  that  the  spheres  of  some  of  the  so-called 
"  pisolites  "  of  the  Jurassic  series  are  in  reality  formed  by  the  growth 
of  layers  of  Girvanella  round  a  central  nucleus,  and  are,  therefore, 
not  of  the  nature  of  ordinary  oolitic  grains. 

Receptaculitid>«  (p.  170). 

The  remarkable  fossils  which  are  grouped  together  under  the 
name  of  Receptaailitidce  have  recently  formed  the  subject  of  an 
important  investigation  by  Herr  Rauff  ('  Zeitschr.  d.  Deutschen 
Geol.  Gesellschaft,'  Bd.  XL.)  The  following  are  the  principal 
general  conclusions  at  which  this  observer  has  arrived : — 

1.  The  Receptaculitidm  are  spherical  or  pyriform  bodies,  with  a 
central  closed  cavity,  the  supposed  basin-shaped  examples  being 
only  fragments  of  the  base. 

2.  Each  of  the  individual  spicular  elements  forming  the  wall  of 
the  body  is  composed  of  six  parts — viz.,  an  external  plate  of  an 
essentially  rhombic  form,  four  diagonally  intersecting  tangential 
arms  which  lie  immediately  below  the  outer  plate,  and  a  radial  arm 
or  pillar  which  springs  from  the  centre  of  the  outer  plate  on  its  inner 
side,  and  is  directed  perpendicularly  inwards. 

3.  An  upper  and  lower  pole  may  be  distinguished  on  the  exterior 
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surface,  the  arrangement  of  the  plates  at  these  points  being  peculiar 
The  basal  pole  (the  starting-point  of  growth)  is  constituted  by  a 
circle  of  eight  (or  four)  plates,    The  apical  pole  is  closed  by  a 
variable,  but  always  large,  number  of  plates. 

4.  Each  of  the  five  arms  of  the  skeletal  elements  or  spicules  is 
traversed  by  an  axial  canal,  the  canals  of  the  four  tangential  arms 
having  a  conspicuously  fusiform  shape. 

5.  The  radial  arms  or  pillars  terminate  on  the  inner  or  "  gastral " 
side  in  a  conical  dilatation,  which  is  laterally  extended  till  adjoining 
pillars  touch.  This  internal  thickening  of  the  radial  pillars  is  not 
furnished  with  a  special  plate,  corresponding  with  the  external  plate, 
and  is  not  penetrated  by  transverse  canals. 

6.  The  inner  or  "gastral"  wall  of  the  fossil  is  imperforate,  the 
pores  described  by  Billings  being  the  result  of  fossilisation. 

7.  The  genus  Ischadites  agrees  essentially  with  Receptaculites  in 
structure,  but  its  skeletal  elements  are  more  slender.  An  apical 
aperture  is  in  some  cases  clearly  wanting  in  Ischadites,  and  probably 
did  not  exist  at  all. 

8.  The  genus  Acanthochonia  is  identical  with  Ischadites. 

9.  The  geological  range  of  Ischadites  extends  to  the  Upper 
Devonian. 

10.  The  genus  Polygonospharites  {Sphcerospofigia)  is  similarly 
constructed  to  Receptaculites  as  regards  the  tangential  arms  of  the 
spicules,  but  the  radial  arms  or  pillars  are  wanting. 

11.  The  Receptaculitidce  are  not  siliceous  organisms,  but  the  skele- 
ton was  originally  calcareous,  and  the  siliceous  examples  are  the  re- 
sult of  silicification.  The  group,  therefore,  cannot  be  referred  to 
the  HexactinelHd  Sponges,  and  its  systematic  position  is  still  entirely 
uncertain. 

Mastopora  and  Cyclocrinus  (p.  186). 

In  the  memoir  just  referred  to,  Herr  Rauff  expresses  the  opinion 
that  the  genera  Mastopora  (^Nidulites)  and  Cyclocrinus  have  no  rela- 
tionships with  the  Receptaculitidce,  but  that  they  appear  to  be  related 
to  the  Polyzoa. 

Calcispongi^  (p.  178). 

Some  interesting  discoveries  as  to  the  occurrence  of  Mesozoic 
Sponges  have  recently  been  made  by  Dr  George  J.  Hinde,  who  has 
been  good  enough  to  furnish  the  following  note  of  his  investigations 
on  this  point :  "  In  the  Middle  Lias  of  Northamptonshire  (zone  of 
Ammonites  spinatus)  some  very  minute  Calcisponges  have  been 
lately  discovered,  with  the  same  delicate  structural  characters  as  in 
the  existing  family  of  the  Leucones,  Haeckel,  and  they  have  even 
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helfrht  and  the  spicules  in  their  walls  are  as  perfect  as  in  recent 
sp?c^en  A  remarkable  assemblage  of  small  Calcisponges  has 
also  to  discovered  by  Mr  Walford  in  the  Inferior  Oolite  (zone  of 
j  of  Dorset.    In  their  diminutive  proportions 

fh^re  embfe  living  Calcisponges,  but  they  all  possess  a  structure  of 
soUr^rTs  characiristic  of  FMre^rones.  They  mostly  belong  to 
he  genera  Wa,  Ferone/la,  Blastinia,  and  to  a  new  genus  not  yet 
descS  Calci'sponges  of  larger  dimensions  belonging  .o  P^or. 
ella  and  Lymnorea,  are  also  abundant  in  the  Inferior  Oolite  of 
Cheltenham":  Certdn  zones  of  the  Great  Oolite  -  the  neighbour^ 
hood  of  Bath  are  very  rich  in  Calcisponges,  principally  of  he  genus 
Peronella.  Higher  up  in  the  Oolitic  series  there  is  a  well-marked 
zone  of  Calcisponges  in  the  Lower  Coral  Rag  of  Yorkshire.  They 
have  mostly  been  hitherto  placed  \nStellispongia ;  species  oi  Per- 
onella and  Blastinia  are  also  present." 

Stromatoporoidea  (p.  229). 

Since  the  earlier  portion  of  the  present  work  was  written  the 
author  has  had  the  opportunity  of  studying  the  fasciculus  of  Dr 
Waagen's  Monograph  on  the  "Salt  Range  Fossils,  which  deals 
with  the  Hydrozoa  ('  Palseontologia  Indica,'  Ser.  XII.,  No.  7,  i877}- 
The  most  important  point  brought  out  in  this  memoir  is,  that  the 
"Productus  Limestone"  of  the  Salt  Range  of  India,  the  age  of 
which  is  Permo-Carboniferous,  contains  various  Hydrozoa  which 
are  more  or  less  closely  related  to  Stromatopora  proper.  For  these 
the  new  genera  Disjedopora,  Circopora,  Carterina,  and  Irregulato- 
pora  are  proposed ;  but  it  would  be  impossible  to  make  the  struc- 
ture of  these  intelligible  without  illustrations.  It  may,  however,  be 
considered  as  proved  that  the  geological  range  of  the  Stromato- 
poroids,  as  a  group,  has  by  these  researches  been  extended  into  the 
beginning  of  the  Permian  period ;  the  latest  undoubted  types  of  the 
group  previously  known  being  Upper  Devonian. 

Dr  Waagen,  further,  deals  at  some  length  with  the  general  struc- 
ture and  zoological  affinities  of  the  Stromatoporoids.  He  divides 
them  into  two  families,  and  refers  them  to  the  Hydrocorallhia.  It 
is  unnecessary,  however,  to  discuss  Dr  Waagen's  views  on  these 
subjects  here ;  since  the  conclusions  which  he  has  reached  would 
probably  have  been  more  or  less  modified  had  he  been  acquainted 
with  the  previously  published  "  Monograph  on  the  British  Stromato- 
poroids" (Palseontographical  Society,  1885)  by  the  present  writer, 
in  the  general  introduction  to  which  the  same  questions  have  been 
dealt  with  in  considerable  detail. 
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Classification  of  the  Crinoidea  (p.  445). 

thP^olfn'  ^"'^^'^  Carpenter  has  kindly  supplied  the  author  with 
the  following  note  as  to  the  classification  of  the  Crinoids  pronosed 
ts''T7:reiZ'^''  -centlypublished  important  work  .'DieSS 
i  ,     XT  "^"^  classification  of  the  Crinoidea  nro 

posed  by  Neumayr  is  primarily  based  upon  the  condition  of  the" 

^i:^oTL:ttr-  7'^^  t  -btegminarr^-?.! 

tZ  IZ  '     ^  the  ventral  surface  (£j>asJcnn^). 

The  first-named  group  includes  all  the  Pateocrinoids  except  Cva 
thocrrnus  its  allies  (Families  xa-.o),  which  have  been  a  retdy 
distinguished  as  RsMata  by  Wachsmuth  and  Springer.  It  has 
also  been  shown  by  these  authors  that  some  of  th^  Athyocrinidc^ 
at  any  rate  had  an  exposed  mouth  and  open  ambulacra  (see  p 
431);  so  that  this  family  can  find  no  place  in  Hypascocrinc^ 
Jixcep  too  for  having  a  subtegminal  mouth,  the  HaplocrinidcE  and 
their  allies  {Larviformia)  seem  to  be  more  closely  allied  to  the  Fistu- 
lata  than  to  the  other  Palasocrinoids  {Camerata)." 

The  general  relations  of  Neumayr's  classification  to  that  proposed 
by  Wachsmuth  and  Springer  may  be  seen  in  the  following  table  •— 


Neumayr. 
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[  Sphseroidocrinacea 


Wachsmuth  and  Springer. 

Camerata 
Reticulata 
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Coadunata. 


Haplocrinacea 


Ichthyo- 
crinacea 


r  Crotalocrinida?, 

Ichthyocrinid; 
I.  Uintacrinida? 


Cyathocrinacea, 
Pentacrinacea 


Larviformia  ) 

h  Inadunata. 


Fistulata 


Impinnata 
Pinnata 


Articulata. 


Cystoidea  (p.  447). 

An  important  posthumous  work  by  M.  Joachim  Barrande  on  the 
Cystideans  of  Bohemia  has  recently  been  published,  and  Dr  P. 
Herbert  Carpenter  has  been  good  enough  to  furnish  the  author 
with  the  following  note  as  to  its  contents  : — 

"  This  elaborate  work  contains  descriptions  of  a  large  number 
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of  new  Cystideans  from  the  Lower  Pateozoic  rocks  of  Bohemia. 
Some  valuable  morphological  observations  are  also  recorded  therein; 
but  most  of  them  refer  to  questions  of  too  complex  a  nature  for 
discussion  here.  One  point,  however,  must  be  noticed.  In  the 
new  genus  Aristocystites  and  in  some  half-dozen  others  Barrande 
describes  the  calcareous  plates  of  the  test  as  covered  by  a  smooth 
'  external  epidermis '  which  completely  closes  the  openings  of  the 
pore-canals  that  penetrate  the  substance  of  the  plates.  This  epider- 
mis is  very  thin,  not  more  than  part  of  an  inch  in  FroteocysMes, 
and  is  therefore  but  rarely  preserved  to  any  great  extent.  The 
pores  are  sometimes  isolated  (haplopores),  or  a  pair  may  be  linked 
by  a  horse-shoe-shaped  groove,  or  open  together  in  a  small  oval 
depression,  the  '  oscule,'  the  whole  structure  being  commonly  known 
as  a  '  diplopore.'  It  was  the  resemblance  of  these  diplopores  to 
the  groups  of  twin  ambulacral  pores  in  the  Ordovician  Sea- Urchin 
Bofhriocidaris,  which  led  Lov^n  to  point  out  that  the  old  theory 
of  the  connection  of  the  diplopores  of  the  Cystideans  with  the 
ambulacral  system  might  after  all  be  correct.  This  view,  however, 
will  have  to  be  abandoned  altogether  if  the  pores  really  are  closed  by 
the  external  epidermis  in  the  manner  described  by  Barrande.  But 
there  is  some  doubt  as  to  whether  the  appearances  described  by 
him  may  not  be  capable  of  a  different  interpretation,  more  especially 
as  he  suggests  in  one  place  that  the  pores  may  have  been  connected 
with  tube-feet  like  those  of  the  Urchins,  while  in  another  he  notices 
their  similarity  to  the  respiratory  pores  of  the  Asterids  which  give 
passage  to  the  gills  or  papulae.  But  neither  of  these  explanations 
could  be  possible  if  the  pores  really  are  closed  as  he  describes. 

"Neumayr,  believing  Miiller's  classification  of  the  Cystidea  ac- 
cording to  the  characters  of  their  pores  to  be  no  longer  a  practica- 
ble one,  has  recently  proposed  the  following  scheme,  which  may  be 
adopted  until  a  fuller  morphological  knowledge  of  the  group  has 
provided  us  with  the  materials  for  a  better  one. 

"  I.  Order  Sph^ronitid^. — Test  composed  of  numerous  irregu- 
larly disposed  plates,  which  may  be  aporous  or  bear  haplopores  or 
diplopores,  but  never  rhombs.  Five  ambulacra,  sometimes  termi- 
nating in  feebly  developed  arms.  Generally  sessile,  but  sometimes 
free  or  stalked. 

"Family  i.  Spharonitina. — Ambulacra  superficial  and  branching. 
Sphceronites,  Glyptosphcerites,  Fucystis,  Froteocystites,  Frotocrifius. 

"Family  2.  Aristocystince.  Ambulacra  subtegminal  and  branch- 
ing.   Aristocystites,  Fyrocystites,  Craterina. 

" Family  T,.  Mesitince.  Ambulacra  superficial  and  simple.  Mesites, 
Agelacrinus,  Fdrioaster,  Cytaster,  Hemicystites. 

"  II.  Order  Echinosph^ritid^. — Test  composed  of  numerous 
rhombiferous  plates ;  often  with  only  three  ambulacra,  and  slightly 
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developed  arms.  Sessile  or  stalked.  Echinosphcerites,  Dendro- 
cysMes,  CaryocysMes,  Arachnocystites. 

"  III.  Order  Pleurocystid^.— Test  shortly  stalked  and  asym- 
metrical, the  plates  of  the  two  sides  being  differently  arranged 
except  m  the  oldest  genera  {Trochocystites).    Arms  few  and  small 
I'leurocystites,  Ateleocysittes,  Balanocystites,  Mitrocystites. 

"  The  above  scheme  takes  no  account  of  such  types  as  Caryocri- 
nus,  Forocrmus,  Echtnoencrmus,  Zepadocrinus,  Callocystttes,  and  sev- 
eral other  forms  in  which  the  plates  of  the  test  are  few  in  number 
with  a  more  or  less  regular  arrangement  as  in  the  Crinoids  ;  while  in 
Cystoblastus  and  Asteroblastus  there  is  a  calyx  very  similar  to  that 
of  the  Blastoidea.  Most  of  these  genera  have  hydrospires,  either 
generally  distributed  on  the  calyx  plates  {Caryocrinus\  or  limited 
to  a  few  of  them  as  in  Echinoe?tcrimis,  while  Asteroblastus  has 
diplopores. 

"As  at  present  constituted  the  class  of  the  Cystidea  is  an  extremely 
heterogeneous  one,  and  much  further  investigation  will  be  necessary 
before  anything  like  a  natural  classification  of  the  group  becomes 
at  all  possible." 

Bactrites  (p.  846). 

According  to  the  observations  of  Branco  ('  Zeitschr.  d.  Deutschen 
Geol.  Gesellschaft,'  Bd.  XXXVII.,  1885),  the  initial  chamber  of 
the  shell  of  Bactrites  is  an  ovoid  and  dilated  sac,  similar  to  that  of 
the  shell  of  the  Ammonoids  and  of  Spirula.  The  genus  Bactrites 
must  therefore  be  removed  to  the  Ammonoidea.  According  to  the 
views  of  Branco,  the  genus  should  be  ranked  with  the  Goniatitidce, 
the  particular  group  of  these  to  which  it  is  referable  occupying  an 
intermediate  position,  as  regards  the  form  of  the  initial  chamber, 
between  the  Atumonitidce  and  the  Beleiimitidce. 


II.  VERTEBRATA. 
Pisces. 

Chimeroidei. — As  is  mentioned  in  the  Addenda,  Mr  Smith 
Woodward  has  recently  made  the  genus  Myriacanthus  (p.  951)  the 
type  of  the  family  Myriacanthidce,  which  is  defined  as  follows  : 
Body  elongated ;  anterior  dorsal  fin  placed  above  the  pectoral,  and 
furnished  with  a  long,  straight  spine.  Teeth  forming  two  or  three 
pairs  of  thin  dental  plates  in  the  upper  jaw,  the  hinder  pair  alter- 
nated and  not  closely  approximated  in  the  middle  line ;  lower  teeth 
consisting  of  a  pair  of  large  dental  plates  meeting  at  the  symphysis, 
and  a  median  incisor-like  tooth  in  front.  A  few  dermal  plates  on 
the  head ;  and  a  long  prehensile  spine  upon  the  muzzle  of  the  male. 
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IncertcB  ^.^/^ -Remains  of  a  fish  from  the  Oxford  Clay  of  Peter- 
boX  havTbefr.  described  as  Leedsichthys^  which  apparently 

?nd?ca?es  the  largest  Jurass.c  -P--"^f  *riScM^^^^^^^ 
serial  position  cannot  yet  be  determmed.  A  bone  which  is  regarded 
as  the  frontal  has  a  length  of  24  inches,  while  the  squamous  hyo- 
n  andibular  is  at  least  15  inches  long.  The  most  remarkable  fea- 
ures  of  this  fish  are,  however,  shown  in  the  pectora  fin-rays  which 
sor^etimes  attain  a  length  of  5  feet,  and  frequently  branch  m  a 
forked  manner,  but  are  not  jointed.  Each  ray  consists  of  fibrous 
bone,  and  appears  to  be  composed  of  a  number  of  long  and  taper- 
ing splints  which  are  incompletely  fused  together,  and  the  two 
halves  of  the  ray  remain  separate. 

Reptilia. 

Anomodontia.— The  author's  recent  study  of  the  Anomodont 
remains  in  the  British  Museum  has  enabled  him  to  make  some 
amendments  on  the  characters  of  the  families  and  genera  given  in 

the  text.  .  .        ,  ,  , 

In  Tapinocephalus  {VV-  1057-58)  the  dentition,  although  it  may 
have  been  of  a  carnivorous  type,  was  not  differentiated  into  incisives, 
tusks,  and  cheek-teeth ;  and  it  is  highly  probable  that  there  were  no 
secondary  nares.  It  does  not  appear  by  any  means  certain  that  the 
one  tooth  on  which  the  genus  Glaridodon  (p.  1061)  is  founded, 
is  really  distinct  from  Titanosuchus  (p.  1058). 

In  the  Galesauridce  (pp.  1058-59)  the  single  narial  aperture  of  the 
type  specimen  of  ^Ehirosaurus  is  due  to  imperfection ;  and  it  is 
probable  that  the  same  is  the  case  with  Cynodraco,  Cynochampsa, 
and  Cynosuchus.^  The  latter  has  7  or  8  cheek-teeth,  with  a  poste- 
rior basal  cusp,  but  the  incisive  and  cheek-teeth  appear  to  have  no 
serrations  on  the  posterior  edge.    Cynochampsa  was  probably  allied, 

having  ^  incisive  teeth  as  in  Cynosuchus.    In  Cynodraco  and  the 
3 

type  oi  yElurosaurus  there  are^  incisive  teeth  ;  and  the  crowns  of 

the  incisive  and  cheek-teeth  have  serrated  posterior  edges  ;  and  it  has 
yet  to  be  proved  that  ^lurosaurus  is  generically  distinct  from  Cyno- 
draco.   In  Tigrisiichus  there  are  three  pairs  of  upper  incisive  teeth. 

Gorgonops  (p.  1059)  differs  from  the  Galesauridcz  in  having  the 
temporal  fossae  roofed  over,  and  apparently  in  the  absence  of  second- 

1  The  practice  of  making  such  barbarous  compounds  as  Leedsichthys,  Oweiiia- 
stichus  (p.  1191),  and  Wardichthys  (p.  979),  is  much  to  be  deprecated.  If  a  change 
be  permissible,  the  terms  Leedsia  and  Wardia  may  be  suggested  m  place  of  the 
first  and  third  of  these  uncouth  names. 

2  By  an  error  (see  Corrigenda)  these  three  genera  are  stated  to  have  double 
nares,  while  in  Tigrisiiclms  the  nares  are  said  to  be  single. 
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ary  posterior  nares.  Roofed  temporal  fossae  also  occur  in  the  Am^r 
xcan  genus  CMlony.  (p.  .o6c);so  that  both  of  h  se  ftnt^^^^^^ 
proxmaate  in  this  respect  to  the  Pariasauria,  although  dLwu  shed 
cXure'oXt  -P-entatives  of  that  group  b/the  aSce  of 
sculpture  on  the  cranial  bones.  Gorgonops  may  be  regarded  as  the 
type  of  the  family  G^..^..,^,^,,  ,ith  an  uncertain  serifl  poskion 
The  genus  ^^.^./.^;^,^,,,  (p.  ,060)  is  the  only  one  in  which  the 

br  Served.        ^^^^"^'^  °^  ^° 

It  appears  that  there  is  no  justification  for  Eichwald's  reference 

ratherTn  .  'TT'^^  \  ^°62)  to  Deuferosaurus 

rather  th^n  to  BrMopus ;  the  former  genus  having  been  founded 
upon  part  of  the  vertebral  column  of  a  smaller  reptile  than  the  one 
to  which  the  humerus  of  Brithopus  belonged 

The  vertebr^  of  the  DiadectidcB  (p.  1061)  are  distinguished  by 
the  presence  of  zygosphenal  (hyposphenal)  articulations;  while  the 
Skull  has  no  secondary  posterior  nares.  Empedias  differs  from 
niadectes  by  the  absence  of  a  tusk  ;  while  Helodectes  is  distinguished 
trom  both  by  the  double  row  of  cheek-teeth. 

Sauropterygia.  — It  is  stated  on  page  1077  that  the  genus 
Umoltosaurus  has  no  trace  of  an  interclavicle ;  it  has,  however  been 
subsequently  suggested  that  certain  splint-like  bones  found  with 
some  skeletons  of  the  Oxfordian  representatives  of  this  genus  are 
really  the  last  remnants  of  the  interclavicle  and  clavicles ;  the  inter- 
clavicle probably  fitting  into  the  notch  shown  between  the  ventral 
plates  of  the  scapulse  in  fig.  988  (p.  1069). 

Chelonia.— In  a  recent  paper  Dr  Baur  states  that  in  the  skull 
of  Protostega  (p.  1089)  the  parietals  were  connected  by  vertical 
plates  with  the  pterygoids,  and  he  accordingly  regards  the  Pro- 
tostegidce  as  less  specialised  than  the  Dermochelyidce.  If  this  refer- 
ence be  correct  there  will  be  evidence  of  a  nearer  affinity  between 
the  Athecata  and  Testudinata  than  has  hitherto  been  supposed. 

The  same  writer  also  doubts  the  Chelonian  nature  of  the  proble- 
matical Psephoder??ia  (p.  1089),  and  suggests  that  it  maybe  founded 
upon  the  dermal  armour  of  Nothosaurus.  This  argument  is  sup- 
ported by  the  absence  of  Chelonian  bones  in  the  Lettenkohle  (Lower 
Keuper),  where  Psephodernia  is  not  uncommon ;  but  the  absence  of 
a  dermal  armour  in  the  Lariosauridce,  so  far  as  it  goes,  is  against 
this  view. 

In  the  Testudinidm  the  genus  Palceochelys  (p.  1108),  as  is  well 
shown  by  a  specimen  from  the  Pliocene  of  Italy  recently  described 
as  Eiiiys  Portisi,  has  some  of  the  neural  bones  tetragonal  and  others 
octagonal,  and  is  thereby  more  nearly  allied  to  Nicoria  and  the  land 
tortoises  than  to  Ocadia.  The  so-called  Emys  crassa,  of  the  Upper 
Eocene  of  Hampshire,  is,  therefore,  referable  to  Ocadia. 
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Abyssal  clay,  74. 
Acantharia,  145,  146,  147. 
Acantherpestes,  584. 
Acantlwceras,  867,  868. 
Acanthocho?iia,  173,  1564. 
Acanthocladia,  628. 
Acanthocladida,  627. 
AcanthoTnetra,  146. 
Acantlwraphis,  163. 
Acanthotelson,  561. 
Acanthoteuthis ,  881. 
Acarida,  575. 
Acasta,  499. 
Acentoiremites,  464. 
Acervularia,  269,  273,  286,  287. 
Achatina,  812. 
Achistrum,  406,  407. 
Acictila,  786. 
Aciculida,  786. 
Acidaspida,  540. 
Acidaspis,  539,  540. 
Actnesa,  762. 
Acom-shells,  496,  497. 
Acraspeda,  206. 
AcrididcE,  597. 
Acrocidaris,  382. 
Acroculia,  764. 
Acrosalenia,  380. 
Acrothele,  652. 
Acrotreta,  651,  652, 
Acroura,  403. 
ActcBon,  801. 
Aciteonella,  801. 
ActcEonida,  800. 
Act(Bonina,  801. 
Actinacis,  310. 
Actiniaria,  261,  263. 
ActinidcB,  261. 
Actinoceras,  839,  840. 
ActinoceratidcB,  839. 
Actinocrinida ,  425. 


AcHnocrinus,  426. 
Actinocystis,  286. 
Actinodonta,  jiy. 
Actinometra,  412,  443. 
Actinomma,  149. 
Actinostoina,  626. 
Actinostroma ,  232,  233. 
Actinozoa,  240. 
Adacna,  728. 
Adelarthrosomata,  577. 
Adelfhoceras,  844. 
Adesmacea,  744. 
^chmina,  508. 

^^•f.  563- 
ySgitiidcB,  206. 

^i^''".  SS9- 
^ghna,  536,  S37. 
Aiglinidcs,  537. 
Aigoceras,  864. 
Aigoceratidcs,  864. 
Agaricocrinus,  426. 
Agassizocrinus ,  436,  437. 
Agelacj'inidcB,  452. 
Agelacrinus,  452,  453. 
AgnostidcB,  545. 
Agnostus,  545. 
Alaria,  789. 
Alcyonacea,  326. 
Alcyonaria ,  256,  324. 
Alcyonidce,  326,  327. 
Alcyoniuin,  326. 
Alecto,  6i5. 
Alectryo7iia,  695,  696. 
Allagecriniis,  432. 
Allionia,  443. 
Allomorphina,  131. 
Allopora,  225,  226,  227. 
Allorisvia,  749,  750. 
Alveolaria,  620. 
Alveolina,  126. 
Alveolites,  315,  316. 
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Alveopora,  311. 
Avialtheida:,  862. 
Ainaltheus,  863. 
Amauropsis,  779. 
Amberleya,  yyS. 
Ambo7iychia,  708. 
Ametabolic  Insects,  592. 
Ammonites,  855,  856,  864. 
Ammonoidea,  833,  848. 
Amcebea,  no. 
Atnphidetus,  390. 
Amphigenia,  672. 
Aviphihelia,  267. 
Amphion,  536,  537. 
Amp/iipoda,  c;56,  ^57. 
Amphipora,  236. 
Amphispongia,  176,  177. 
Amphistegiiia,  134. 
Amphoracriniis,  426. 
A7)iplexopora,  356. 
Amplexits,  295. 
Ampiillaria,  780. 
Ampullina,  779. 

^'«i>J'^,.S44.  545- 
Anabacia,  304,  305. 
AnabacidcB,  304. 
Ananchytes,  389. 
AnanchytidcB,  389. 
Anaptyc/ms,  851. 
Anarthropoda,  468,  469. 
Anastropkia,  672. 
Anatifa,  502. 
Anatifopsis,  50X. 
Anatina,  749. 
Anatinacea,  748. 
Anatinidce,  748. 
Anaulocidaris,  375,  377. 
Ancillaria,  798. 
Ancyloceras ,  869,  870. 
Ancylus,  814. 
Angelina,  531,  532. 
Anguillula,  469. 

Animal  Kingdom,  classification  of,  85, 
87. 

Amsocardia,  736. 
Anisophyllum,  296. 
Annelida,  470. 
Atmulosa,  468. 
Anodon,  721. 
Anodonta,  721. 
Anodontopsis,  724. 
AnomalocrinidcB ,  434. 
Anomalocrinus,  434. 
Anomalocystites,  452. 
Anomia,  697. 
Anomiidce,  697. 
Anomocladina ,  165. 
Anomura,  562,  565. 
Anoploiheca,  664. 
Anoplura,  592. 
Anopolenus,  529. 
Antedon,  409,  410,  411,  443. 
Anthocrinus,  431. 
Anthracitic  Shales,  35. 
Anthracomarti,  575. 
Anthracomartus,  576. 


Afithracomya,  751. 
Antkracoptera,  yii. 
Anthracoscorpii,  579 
Anthracosia,  722. 
Anthrapalcsmon ,  563. 
Antipatharia,  261,  263. 
Aniipathidce,  244,  261,  263. 
Ant-lions,  598. 
Ants,  600. 
Ap/ianaia,  706. 
Aphaniptera ,  599. 
Aphis,  596. 
Aphragmites,  843. 
Aphrocallistes,  176. 
Apiocrinida,  440. 
Apiocrinus,  440. 
Apiocystites,  456. 
Aplysia,  802. 
Aplysiadce,  802. 
Aporosa,  264,  265. 
Aporrhaidce,  789. 
Aporrhais,  ySg. 
Apterous  Insects,  592. 
Aptychopsis,  515. 
Apty chits,  851,  852. 
Apus,  510. 
Apygia,  655. 
Aqueous  rocks,  ir. 
Arabellites,  480. 
Arachnida,  572. 
Arachnophyllum,  286,  287. 
ArcBopoma,  299,  301. 
ArcBopo7'a,  309,  311. 

Aragonite,  in  calcareous  organisms,  25, 
26. 

Araneida,  580. 
Area,  712. 
Arcacea,  712. 
Arccstes,  856. 
ArcestidcB,  855,  856. 
Archmdiscus ,  135. 
ArchcBOcidaris,  376,  377. 
ArchcBocyathince,  183,  185,  186. 
Archceocyathus,  183,  184. 
ArchcBolepas,  502. 
Archcsoniscus,  559. 
ArchcBoscyphia,  166. 
Archceospharina,  143. 
ArchcBozonites ,  812. 
Archanodonta,  721. 
Archidesmiis,  584. 
Archimedes,  626,  627. 
Archimedopora,  626. 
Archiniylacris,  593. 
Archipolypoda,  582,  583. 
Architarbus,  576. 
Archiulidcs,  584. 
Archiuliis,  584,  585. 
Arcidce,  712. 
Arco7nya,  748. 
ArcomyidcB,  748. 
Arcturtis,  558. 
537. 

Arenicolttcs,  481,  482. 
Arethusina,  542. 
Argiopc,  6j6. 
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Argiopidce,  67s- 

Argonauta,  88t. 

Arietites,  848,  864. 

Arionellus,  531. 

Aristozoe,  514,  515. 

Armadillo,  559. 

Artemia,  510. 

Artemis,  737. 

Arthrolycosa,  576. 

Arthroplmra,  559. 

Arthrofoda,  468,  491. 

Arthropomata,  655.  . 

ArHculata  (Brachiopoda),  655;  (Crjw- 

423,  424,  438,  446. 
Asap/iidcs,  533. 

Asapkus,  520,  521,  522,  S33i  534.  S3S- 
Ascelta,  179. 
Ascoceras,  841,  842,  843. 
Ascoceraiidcs,  841. 
Ascodictyon,  613. 
Ascones,  179. 

Asiphonate  Lamellibranchs,   691,  692, 

^93-  .„ 
Aspergillum,  752. 

Aspidocaris,  516. 

Aspidoceras,  868. 

Aspidosoma,  397. 

Aspidura,  403,  404. 

Assiminea,  781. 

Astacus,  565. 

Astarte,  724,  725. 

Astartella,  725. 

Astariidce,  724. 

Asteractinella,  177,  178. 

Asterias,  391,  397,  398,  399. 

Asteroidea,  391. 

Asthenosoma,  380. 

AstrceidcB,  269-274. 

AstrcBopora,  310. 

AstrcBOSpangia,  ijj. 

Astralium,  775. 

Astrangia,  270. 

AstrocrinidcB,  464. 

Astrocrinus,  464. 

Astrogonium,  397,  398. 

Astroides,  241,  242. 

Astromma,  149. 

Astropecien,  392,  397,  398. 

Astrophyton,  402. 

Astrorhiza,  126. 

AstrorhizidcB,  126. 

Astylocrinidce,  436. 

Astylocrinus,  436,  437. 

Asiylospongia,  165,  166,  167. 

Atelecrinus,  443. 

Ateleocy stiles,  452. 

Athyris,  666. 

Atlanta,  803. 

AtlantidcB,  802,  803. 

Atractites,  878. 

Atractosella,  162. 

Atrypa,  668,  669. 

AtrypidcB,  668. 

Aturia,  846. 

Aucella,  706. 

Aulacoceras,  877. 


Aulocopium,  165. 
Aulophyllum,  z<)2. 
Aulopora,  255,  342. 
Auloporidm,  342,  343. 
Aulosteges,  657. 
Auricula,  813. 
Auric2clidce,  813. 
Avicula,  703. 
Aviculidce,  702. 
Aviculopecten,  701,  702. 
Aviculopinna,  709,  710. 
Axinella,  162,  163. 
Axinus,  720,  747. 
Axophyllum,  293. 
Axopora,  225. 

Bactrites,  846,  1568. 
Bactritidce,  846. 
Bactropus,  514. 
Bactryniuin,  678. 
Baculites,  859,  861,  862. 
Baerocrinus,  434. 
Bairdia,  509. 
Bakewellia,  705. 
Balanidcs,  497,  499. 
Balarwphyllia,  308. 
Balamts,  498,  499. 
Barbados  earth,  33,  148. 
Barnacles,  500. 
Barrandeocrinida ,  427. 
Barrandeocrinus ,  427. 
Barycrinus,  435. 
Baryhelia,  267. 
Baryphyllum,  296. 
Baseopsis,  597. 
Basommatophora ,  813. 
Bathmoceras,  847. 
Bathycrinus,  441. 
Bathyurellus,  532. 
Bathyurus,  532. 
Batocrinus,  426. 
Battersbyia,  269,  271. 
Beatricea,  233,  234. 
Beekite,  7. 
Belemnitella,  877. 
Belemnites,  8ys,,  876,  877. 
Belemnitidce,  874,  875. 
Belemnocrinidcs ,  434. 
Belemnocrinus ,  434. 
Belemnosis,  878. 
Belemnoteiithidce ,  878. 
Belemtioteuthis ,  879. 
Belinurus,  548,  550. 
Bellerophina,  769. 
Bellerophon,  768,  769. 
Bellerophontidis ,  768. 
Beloptera,  878. 
Belosepia,  880. 
Beloteuthis,  880. 
Berenicea,  618. 
Beyrichia,  506,  507. 
Bidiastopora,  617,  618. 
Biflustra,  635. 
Bifrontia,  772. 
Bigenerina,  130. 
BUoculitta,  124. 
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Binteria,  196,  197, 
Bithynia,  780. 
Bittium,  789. 
Bivalve  Molluscs,  683. 
Blastoidea,  457. 
Boliemilla,  532. 
Bokemi Hides,  532. 
Bolboporites,  364,  393. 
Bolidiuvi,  167. 
Bopyridm,  558. 
BothriocidaridcB,  374. 
Bothriocidaris ,  373,  374,  375. 
Bothroconis,  173. 
Bouchardia,  675. 
BotirgueticHnida,  441. 
Bourgueticrinus,  441. 
Brachiopoda,  640. 
Brachymetopus,  543. 
Brackypyge,  566. 
Brachytrema,  jg'^. 
Bracliyura,  562,  566. 
Brancliiogastropoda,  760. 
Branchipodites,  512. 
Branchipus,  512. 
Branchiptisites,  512. 
Breyeria,  594. 
Briareum,  327. 
Briarocrinus,  427. 
Brisinga,  397. 
Brissopsis,  390. 
Brissus,  390. 
Brojiteidm,  540. 
Bronteus,  540. 
Bryozoa,  604. 
Bucania,  769. 
Bucci7iidce,  793. 
Buccinum,  793. 
Buchiceras,  863. 
BuliiHina,  130. 
Bulimulus,  812. 
Bulimus,  812. 
Bulla,  801. 
BullidcB,  801. 
Bumastus,  520,  536. 
Bunodes,  549. 
Buprestidm,  600. 
Burrows  of  Annelidas,  481. 
Buthograptus,  205. 
Buthus,  574. 
Byssocardium,  728. 

Caddis-flies,  598. 
Cadulus,  820. 
CcBcidcR,  783. 
Ceecum,  783. 
Calamopora,  313. 
Calapmcia,  306,  317. 
Calathium,  166. 
Calcareous  rocks,  1 5. 
Calcareous  Sponges,  178. 
Calcarina,  116,  117,  133,  134. 
Calceocrinidcs,  437. 
Calceocrinus,  437. 
Calceola,  301. 
Calceolidce,  299. 
Calcisphmra,  147. 


Calcispojigics,  178,  1564. 

Calcite,  in  calcareous  organisms,  25,  26. 

LaUtanassa,  565. 

Callicrinus,  430. 

Callizoe,  514, 

Callocystites,  449,  457. 

Callodictyon,  176. 

Callodictyonida,  176. 

Callograptus,  205. 

Callonema,  782. 

Callopora,  347,  348,  351,  357,  359. 
Lalostyhs,  306,  307,  308. 
Calycozoa,  206. 
Calymene,  519,  533. 
Calymenida:,  532. 
CalyptocrijiidtB,  429. 
Calyptrcea,  764. 
Calyptraidce,  764. 
Camarella,  6ji. 
Camarophoria,  671. 
Cainerospo7igia,  175,  176. 
Catnpanulaj'ida,  203. 
Campophyllum,  288,  289. 
Campy loceplialus,  555. 
Cancellaria,  798. 
CancellariidcB,  798. 
Cancer,  567. 
Candona,  507,  509. 
Cannapora,  320,  321. 
Caprina,  732. 
Caprinella,  732. 
Caprinula,  732. 
Caprotina,  731. 
CapulidcB,  764. 
Capzilus,  764. 
CarabidcB,  600. 
Carabocrinus ,  435. 

Carbon  and  carbonaceous  deposits,  34. 

Carbo7iarca,  712. 

Carbonicola,  722. 

Cardiacea,  726. 

Cardiaster,  389. 

Cardiides,  727. 

Cardinia,  721,  722. 

Cardiniidce,  721. 

Cardiocaris,  852. 

Cardiola,  714. 

Cardiomorpha,  750. 

Cardita,  723. 

CarditidcB,  723. 

Cardium,  yzj,  728. 

CarididcB,  563. 

Carinaria,  802,  803. 

Carinopora,  625. 

Carmon,  543. 

Carpocrinus,  427. 

Carterella,  165. 

Caryocaris,  514. 

Caryocrinus,  455,  456. 

Caryocy stiles,  454. 

Caryophyllia,  246,  247,  248,  265,  266. 
Cassianella,  704,  705. 
Cassidaria,  792. 
Cassididte,  792. 
Cassidulida:,  386,  387. 
Cassidulina,  130. 
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Cassidulus,  388. 
Cassis,  792. 
Catillocrijiidce,  ^2i7- 
Catillocrhius,  437. 
Catopygus,  388. 
Caunopora,  236. 
Cavolinia,  806. 
Cavoliniidce ,  805. 
Cellaria,  635. 
Cellariidce,  63^]. 
Celkpora,  638. 
Celleporidm,  638. 
Cellularia,  634. 
Cellulariidcs,  634. 
Centronella,  674,  675. 
Ceplmlites,  175. 
Cephalopoda,  821. 
Cerambycidce,  601. 
Ceraviopora,  632. 
Ceramoporidce,  632. 
Ceratiocaridce,  512,  513,  514. 
Ceratiocaris,  513,  514. 
Ceratites,  857. 
CeratitidtB,  856. 
Ceratospongics,  161. 
Ceritella,  789. 
CerithiidcB,  788. 
Cerithium,  788. 
ChcBtetes,  341. 
Chcetetidce,  327,  341. 
Chestognatha,  469. 
Chalk,  119. 
Chama,  730. 
Chamacea,  729. 
Ckamidcs,  730. 
Chasmops,  542. 
Cheilostomatous  Polyzoa,  633 
CheirocrinidcB ,  437. 
Cheirocrinus,  437. 
CheiruridcB,  537. 
Cheirurus,  536,  537. 
Chelifer,  577. 
Chelodes,  818. 
Chemnitzia,  784. 
Chenendopora,  167. 
Chernes,  c^yj. 
Chert,  158,  159. 
Chilognatha,  585. 
Chilopoda,  583. 
Chilostomella,  131. 
Chilostomellidce ,  122,  130. 
Chirodota,  406,  407. 
Chiton,  816,  817,  818. 
Chitonellus,  8i8. 
ChitonidcB,  8i6. 
Chondrophora,  874,  83o. 
Chonella,  167. 
Chonetes,  657,  658. 
Chonostegites ,  320,  321. 
Choristoceras,  857. 
Chrysidalina,  130. 
Chrysodoinus ,  794,  795. 
ChrysomelidtE,  600. 
Chthamalus,  499, 
CidaridcE,  378. 
Cidaris,  378,  379. 
VOL.  II. 


Cimitaria,  y^i. 
Ciniilia,  801. 
Cirripedia,  495. 
Cirrus,  yjz,  773. 
Cistella,  676. 
Cladisciies,  857. 
CladiscitidcB,  857. 
Cladocera,  509. 
Cladochonus,  342,  343. 
Cladocora,  270. 
Cladophyllia,  •z'j'2. 

Classification  of  the  Animal  Kingdom,  85, 
87. 

Classification  of  Fossiliferous  formations, 
41. 

Clathrodictyon,  233. 
Clathropora,  630. 
ClausastrcEa,  304. 
Clausilia,  812,  813. 
Clavagella,  752. 
Clavagellidce,  751. 
Cleidophorus ,  716. 
Cleiocriniis,  431. 
Cleistopoi-a,  306,  310,  311. 
Cleodora,  805. 
Climacograptiis ,  218,  220. 
C  limacospongia,  162. 
Climactichnites ,  525. 
Clinopistha,  748. 
C/zo,  805,  806,  807. 
Cliona,  162. 
Clisiophy Hides,  291. 
Clisiophyllicm,  292. 
Clistenterata,  655. 
Clyvienia,  852,  853. 
Clyme?iiid(B,  853. 
Clypeaster,  385. 
Clypeastridce,  384,  385. 
Clypeus,  388. 
Cnemidiastncm,  167. 
CoccinellidcB,  601. 
Coccocrinus,  428. 
Coccoliths,  110,  1495. 
Coccophyllum,  273. 
Cochlearia,  782. 
Cochloceras,  857. 
Cockroaches,  597. 
Cadaster,  462,  463,  464. 
CodasteridcB ,  464. 
Codiopsis,  382. 
Codonaster,  462. 
Codonites,  462. 
Ccelenterata,  190. 
Cxlocentrus,  772. 
Caeloceras,  86d,  867. 
Coeloptychiidcs,  175. 
Caeloptychium,  168,  169,  175. 
Ccelospira,  664,  669. 
Coenites,  316. 
Ccenobita,  565. 
Ceenograptus ,  216. 
Ccenosphcera,  147. 
Coleoprion,  807. 
Coleoptera,  600. 
Collembola,  592. 
Collyrites,  388. 
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Collyritida,  388, 

Colonies,  60. 

Columbella,  •yg^. 

Columbellaria,  794. 

ColumbelHdcB,  793. 

Columbellina,  794. 

Coluinnaria,  269,  274. 

Colunmoporn,  306,  317. 

Comarocystites,  449,  455. 

Comatula,  409,  410,  411,  412,  414,  443. 

ComatulidtB,  1^42. 

Combophyllum,  296. 

Comoseris,  304. 

Conchacea,  735, 

Cotichicolites ,  473,  477,  478. 

Conchifera  (see  Lamellibranchiata). 

Congeria,  711. 

ConidcB,  798. 

Conocardium,  728,  729. 

ConocephalidcB,  531. 

Conocephalites ,  531. 

ConoclypeidcE,  384. 

Conoclypus,  384. 

Conocoryphe,  531. 

Conodonts,  480. 

Conorbis,  799. 

Conosmilia,  284. 

Contemporaneity  of  strata,  46. 

Continuity,  Geological,  55. 

Conularia,  808. 

ConulariidcB,  808. 

Coniilus,  812. 

Conns,  798,  799. 

ConvexastrcBa,  272. 

Copepoda,  503,  509. 

Coprolites,  15. 

Corallines,  25,  1495. 

Corallistes,  165. 

Coi-allium,  244,  326,  327,  328. 

Coral-reefs,  modern  and  ancient,  256-260. 

Coral-rock,  257. 

Corals,  gemmation  and  fission  of,  253-255. 

Corals,  simple  and  compound,  245-255. 

Corbicula,  738. 

Coi'bis,  747. 

Corbula,  742,  743. 

Cornularia,  326. 

CornularidcB,  326,  327. 

Cortiulites,  475,  476. 

Cornuspira,  124. 

Coronula,  499. 

Corymbocrinus,  430. 

Corynella,  180. 

Corynida,  195,  197. 

Corynoides,  215. 

Coscinium,  610,  631,  632. 

Coscinopora,  176. 

CoscinoporidcB,  176. 

Coscinotrypa,  610,  631,  632. 

Cosmoceras,  867. 

Cottaldia,  382. 

CotylecHrius,  439. 

Cotylederma,  439. 

Crangopsis,  563. 

Crania,  653,  654. 

Craniadce,  653. 


Craspedostoma,  ■jjS. 
Crassatella,  725. 
Crassatellidm,  725. 
CrassaieUi?ia,  726. 
Craticularia,  174. 
Crenella,  711. 
Cretiipecten,  joi. 
Crepidophyllum,  248,  290. 
Crepidula,  j6i^. 
Creseis,  804,  805. 
Cribrella,  397. 
Cribrili?ia,  636. 
Cribrilinida,  636. 
Crickets,  597. 

Crinoidal  limestone,  22,  23. 
Crinoidea,  408,  1566. 
Crioceras,  868,  869,  870. 
Crisia,  616. 
CrisiidcB,  616. 
Cristellaria,  131. 
Cromus,  538,  539. 
Crossopodia,  486,  487,  1482. 
CrotalocrijiidcB ,  430. 
Crotaloci~inus,  430,  431. 
Crustacea,  491. 
Cryphceus,  541,  542. 
Cryptoblastus,  464. 
Cryptocrinus ,  452,  455. 
Cryptolielia,  225. 
Cryptoplax,  818. 
Cryptoschisma,  464. 
Cryptozonia,  397. 
Crystalline  limestones,  31. 
Ctenodiscus,  392. 
Ctenodonta,  716. 
Ctenophora,  256,  260. 
Ctenostomata  (Polyzoa),  612,  613. 
Cucullcea,  712,  713. 
Cucullella,  715,  717. 
Cultelbcs,  740. 
Cttmacea,  559,  560. 
Ctcpressocrinidce,  432. 
Cupressocriniis,  433. 
Cupularia,  638. 
Curculionidce,  600. 
Curculionites,  600. 
Curtonotus,  720. 
Cuvieria,  806,  810. 
Cyathaxonia,  266. 
Cyathidium,  439. 
Cyathocrinidce,  435. 
Cyatlwcrinus ,  435,  436. 
CyathophyllidcB,  285. 
Cyathophylloidea,  284. 
Cyatliophyllum,  286. 
C>/5ff/f,  538,  539. 
Cyclavimina,  129. 
Cyclas,  738. 
Cycloclypeus,  137. 
Cyclocrinus,  186,  187,  188,  1564. 
Cyclolites,  305. 
Cyclolobus,  855,  856. 
Cyclotiema,  yy6. 
Cyclophthalmus,  578,  579. 
Cyclophyllum,  292. 
Cycloseris,  304. 
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Cyclostoma,  786. 
Cyclostomida,  786. 
Cyclus,  550. 
Cylichtia,  801,  802. 
Cylindrites,  801. 
Cylindrophyma,  167. 
Cymbulia,  804,  806. 
Cymbuliidm,  806. 
Cypellia,  174. 
Cyphaspis,  542. 
Cyphosoma,  382. 
Cyprcea,  790,  791. 
CyprcBidcs,  790. 
Cyprella,  508. 
Cypricarddla,  725. 
Cypricardia,  736. 
Cypricardinia,  736. 
CypridcB,  508. 
Cypridella,  508. 
Cypridellina,  508. 
Cypridina,  yyj,  508. 
CypridinidcB,  507. 
Cyprina,  736. 
CyprinidcB,  736. 
Cypris,  507,  508. 
Cyrena,  738. 
CyrenidcB,  738. 
Cyrtia,  665,  666. 
Cyrtina,  665,  666. 
Cyrtoceratidce,  843. 
Cyrtoceras,  843. 
Cyrtocerina,  839. 
Cyrtodaria,  743. 
Cyrtodonta,  714,  715. 
Cyrtograptus,  215. 
Cyrtolites,  769. 
Cystiphyllidcs,  298. 
Cystiphylloidea,  298. 
Cystiphyllum,  299. 
Cystocidaridce,  373,  374. 
Cystocidaris,  373,  374. 
Cystodictya,  631. 
Cystodictyonidce,  631. 
Cystoidea,  447,  1566. 
Cy there,  ^oy,  509. 
Cytherea,  737. 
Cythereis,  509. 
Cytherella,  508. 
CytherellidcB,  508. 
Cytherellina,  508. 
Cytheridcs,  509. 
Cytheridea,  509. 

Dakota  Beds  of  North  America,  45. 

Dalmania,  542. 

Dalmanites,  541,  542. 

Daonella,  706,  707. 

Dasmia,  266. 

Davidsonella,  678. 

Davidsonia,  663. 

Dawsonella,  778. 

Dawsonia,  214. 

Dayia,  669. 

Decapoda  (Crustacea),  562 ;  {Cephalopoda), 
874. 

Deep-sea  Muds,  74. 


Defrancia,  619. 
Deiphon,  537,  538. 
Dekayia,  349,  356. 
Delphinula,  775. 
Dendrocrinus,  435. 
Dendrograptus,  203,  204. 
Dendrophyllia,  306,  308. 
Dendropupa,  813. 
DentaliidcE,  819. 
Dentalitta,  131. 
Dentaliuin,  819. 
Derivative  rocks,  13. 
Deshayesia,  779. 
Desmoceras,  865. 
Diadema,  381. 
Diadematidcs,  381. 
Dianulites,  356. 
Diastojiia,  781. 
Diastopora,  617,  618. 
Diastoporella,  618. 
DiastoporidcB,  617. 
Diatom-earth,  33,  1490. 
Diblasus,  267. 

Dibranchiate  Cephalopods,  871. 
Dibunophyllum,  291,  292. 
Dicellograptus ,  217. 
Dicer  as,  731. 
Dichocrinus,  428. 
Dichograptidce,  216. 
Dichograptus ,  217,  218. 
DicranograptidcB ,  217. 
Dicranograptus,  217,  219. 
Dictyoclia,  147,  148. 
Dictyomitra,  148,  149. 
Dictyonenia,  204,  205. 
Dictyoneura,  594. 
Dictyonina,  168. 
Dictyophyton,  173. 
Didymocyrtis,  149. 
Didymograptus ,  216. 
Dikellocephalus ,  521,  530,  531. 
Dimerella,  670. 
Dimorphograptus,  211,  219. 
Dimyary  Bivalves,  688. 
Dindymene,  539. 
Dindymenida: ,  539. 
Dinobolus,  655. 
Dionide,  544. 
Diphyphyllum,  287. 
Diplocidaris,  379. 
Diplodonta,  746,  747. 
Diplograptidce ,  218. 
Diplograptus,  218,  220. 
Diploria,  272. 
Diplostylus,  562. 
Diplotrypa,  355. 

Diprionidian  Graptolites,  214,  218. 

Diptera,  599. 

Dtscina,  652,  653. 

DiscinidcB,  652. 

Discinisca,  653. 

Discites,  846. 

Discinocaris,  513,  515. 

Discoceras,  844. 

Discodermia,  165,  168. 

Discohelix,  772. 
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Discoidea,  386. 
Discophora,  206. 
Discoporella,  619. 
Discorbina,  133. 
Discosortts,  840. 
Distichopora,  zzy. 
Dithyrocaris,  515. 
Ditremaria,  766. 
Ditrnpa,  475. 
Dolabra,  720. 
Doliidce,  ygz. 
Dolhivi,  792. 
Dolomite,  27,  28. 
Domopora,  607,  619. 
DonacidcB,  739. 
Donax,  739. 
Dorycriniis,  426. 
Doryderma,  165,  167. 
Dosinia,  737. 
Dragon-flies,  597. 
Dreissena,  yii. 
Dreissenomya,  702,  711. 
Dromia,  566. 
Dromiopsis,  567. 
Dtincanella,  264,  267. 
Dysaster,  388. 
DysasteridcB,  388. 
Dysplanns,  536. 
DytiscidcB,  6oi. 

Earwigs,  597. 
JEatojiia,  670. 
Eburna,  793. 
Eccit liomphahis ,  771,  772. 
Echitiantfiics,  388,  451. 
Echinarachnhis ,  385. 
Echinidce,  381,  382,  383. 
Echinobrissidee,  387. 
Echinobrissus,  388.  • 
Echinocaris,  514. 
Echinoconidce,  385,  386. 
Echinoconus,  386. 
Echinocoridce,  389. 
Echinocyamus,  385. 
Echinocystites,  373,  374. 
Echinodermata,  361. 
Echinoencrinus ,  456. 
Echinoidea,  366. 
Echinolainpadce ,  387. 
Echinolampas,  388. 
Echinoneus,  387. 
Echinonidce,  387. 
Echinospaiagus,  390. 
EchinosphcBrites,  454,  455. 
Echinothuria,  380. 
EchinothuridcB,  380. 
Echinozoa,  365. 
Echi7ivs,  383. 
Edmondia,  750. 
Edrioaster,  452,  453. 
Edriocrinus,  436,  437. 
Eichwaldia,  652. 
Elaacrinus,  462,  464. 
Elasmostorna,  180,  181. 
Elateridce,  60T. 
Eletttherocrinus,  462,  464. 


Ellipsactinia,  199. 
Ellipsocephalus,  529,  531. 
Emargimila,  763. 
F.mmonsia,  314,  312. 
Enallocrimis,  431. 
Enallohelia,  267. 
Enchytrceus,  469. 
Encrinasterice,  395,  396,  397. 
EncrinidcB,  438. 
Encnnuridcs,  538. 
Encrinurus,  538,  539. 
Encri7ius,  438,  439,  445. 
Endoceras,  838. 
Endoceratidce,  837. 
Endopachys,  308. 
E?idop?iyllum,  286. 
Endothyra,  128. 
Endymionia,  545. 
Enoploclytia,  565. 
Ensis,  740. 
En  talis,  819. 
Entalophora,  618. 
Entalophoridce,  618. 
Entolium,  701. 
Entomis,  507,  508. 
Entomoconchus,  507,  508. 
Entojnosiraca,  503. 
Entozoa,  469. 
Eocidaris,  378,  379. 
Eocystites,  450,  451,  452. 
Eolnidia,  397. 
Eophrymis,  576, 
Eophyton,  209. 
Eopteria,  703. 
Eoscorpius,  578. 
Eosphceroina,  559. 
Eospongia,  167. 
Eozoon,  137-143. 
Epactocrinus ,  434. 
Ephevierida,  597. 
Epiaster,  390. 
Epitrachys,  469. 
Erato,  791. 
Eridophylbivi,  287. 
Eri7inys,  543. 
Errant  Annelides,  478. 
Erycina,  726. 
Erycinacea,  726. 
EtycinidcB,  726. 

564,  565. 
Eryonid(e,  564. 
Eschar  a,  637. 
Escharidce ,  636. 
Estheria,  510,  511. 
Estheriella,  511. 
Etheridgia,  175. 
Ethmophyllum,  183,  184,  185. 
Etoblattina,  593. 
Etyus,  567. 

Eitasteroidea,  395,  397. 
Eubrochus,  176. 
Eucalyptoci-inus,  429,  430. 
Euchrysalis,  yiy. 
Eucladia,  402. 
Eucorystes,  567. 
Eucyrtidium,  148,  149. 
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Eudea,  180. 
Bndesella,  678. 
Eudesicrinus,  439. 
Eudiocrinus,  443. 
Euechinoidea,  377,  378. 
Eugaster,  404,  405. 
Eugeniacrinida,  439. 
Eugeniacrinus,  439. 
Eugereon,  594,  595. 
Euhelia,  267. 
Eulima,  784. 
Eumicrotis,  703. 
Ewiema,  776. 
Eunicites,  479,  480. 
Euomphalidce ,  770. 
Euoniphalopterus,  766. 
Euomphalus,  770,  771. 
Eupatagus,  390. 
Euphoberia,  584. 
Euphyllia,  262,  272. 
Euplectella,  i58,  176. 
EuproSps,  550. 
Eupsammidcs,  306,  307. 
Eurete,  174,  176. 
Euretida,  174. 
Euryale,  402. 
Euryalida,  402. 
Eurydesma,  727. 
Eurypterida,  546,  551,  554. 
Eurypterus,  551,  552,  SSS- 
Eiispotigia,  161. 
Eusioma,  788. 
Exapinurus,  549. 
Exelissa,  782. 
Exogyra,  696. 
Extracrinus,  417,  442. 

Farrea,  174,  176. 

Fascicularia,  271,  621. 

FascicuHpora,  621. 

Fasciolaria,  795. 

Favia,  272. 

Favistella,  264,  274. 

Favosites,  313,  314. 

FavositidcB,  306,  311,  312. 

Favositipora,  311. 

Fenestella,  624,  625. 

FenesteUidcB,  608,  622,  623,  624,  625. 

Fenestralia,  626. 

Fibula,  788. 

Ficula,  792. 

Ficulidcs,  792. 

Filograna,  472. 

Firolid(E,  802,  803. 

Fission  of  Corals,  254,  255. 

Fissurella,  763. 

Fissurellidce,  763. 

Fistularia,  744. 

Fistulipora,  357,  358,  359. 

FistulttoridcE,  354,  357. 

Flabellum,  246,  266. 

Flints,  origin  of,  158,  159. 

Foraminifera,  no. 

Forbesiocrinus ,  432. 

FormicidcE,  600. 

Fossil,  definition  of,  4. 


Fossiliferous  rocks,  11. 
Fossilisation,  5. 
Frondicularia,  131. 
Frondifora,  621. 
FrondiporidcB ,  620. 
Fulgorina,  595. 
Fulgur,  796. 
Fungella,  621. 

Fungida  (Madreporaria),  303. 

Futigidce,  304. 

FusidcB,  795. 

Fusispira,  787. 

Fusulina,  136. 

Fusus,  795. 

GadiniidcE,  815. 
Gadus,  820. 
Galathea,  565,  566. 
Galeomma,  726. 
GaleommidcB,  726. 
Galerites,  386. 
Galeropygus,  384. 
Gavimarus,  557. 
Gampsonyx,  557,  561. 
Gaiiyjneda,  443. 
Gasterocoma,  433,  434. 
GasterocomidcB,  433. 
Gasteropoda,  753. 
Gastrochcsna,  Tts^. 
GastrochcBnidcB ,  744. 
Gastropoda,  753. 
Gecarcinus,  567. 
Gemmation  of  Corals,  253,  254. 
Genabacia,  304. 

General  succession  of  organic  types,  102. 

Geoconia,  403. 

Geodia,  163. 

Geodites,  163. 

Geophilus,  583. 

Geoteuthis,  880. 

Gephyrea,  469. 

Geralinura,  580. 

Geruillia,  705. 

Gigantostraca,  503,  546. 

Gilbertsocrinus ,  429. 

Girvanella,  127,  128,  1563. 

Gitocrangon,  566. 

Glandina,  811. 

Glauconitic  grains  of  green  sands,  34, 
118. 

Glaticonome,  628. 
Glenotremites,  443. 
Globigerina,  113,  132. 
GlobigerinidcB,  122,  131,  132. 
Glossoceras,  843. 
Glycerites,  480. 
Glycimerida;,  743. 
Glycimeris,  743. 
Glyphcea,  564. 
GlyphcBida,  563,  564. 
Glyphostomata,  378,  380. 
Glyptarca,  693,  712. 
Glypticus,  382. 
GlyptocrinidcB,  429. 
Glyptocrimis,  428,  429. 
Glyptocyslites,  456. 
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Glyptodesma,  708. 

Glyptosphcerites,  448,  449,  450,  451,  453. 

unathopod  Crustaceans,  503. 

Gomphoceras ,  840,  841. 

Gomphoceratidce,  841. 

Gomphocystites,  452. 

Gomaster,  yjj,  398. 

Goniatites,  852,  854. 

GotiiatitidcE,  853. 

Gotiiodiscus ,  397,  398. 

Gonio7nya,  748. 

Goniopkora,  737. 

Goniopho7-us ,  380. 

Goniophyllum,  300,  301. 

Goniopygus,  382. 

Gordiacea,  469. 

Gorgonacea,  326. 

Gorgonella,  331, 

Gorgo?na,  330. 

GorgonidcB,  326,  330. 

Gosseletia,  708. 

Grammysia,  750. 

Grammy siidcB,  -ji^g. 

Granatocrimes ,  459,  463,  464. 

Grantia,  179. 

Graphite,  35. 

Graphularia,  331. 

Graptolitoidea,  210, 

Grasshoppers,  597. 

Greensand,  34,  118. 

Gromia,  122. 

Gromides,  122,  124. 

Gryllacris,  597. 

Gryllus,  597. 

Gryphaa,  695,  696. 

Gryphochiton,  818. 

Gualteria,  390. 

Guerangeria,  722. 

Guettardia,  176. 

Guynia,  266. 

Gymnolsematous  Polyzoa,  612. 
Gymnosomatous  Pteropods,  803,  8o^. 
Gypidula,  672. 
Gypsina,  133. 
Gypsum,  14. 
Gyroceras,  844,  845. 
Gyroporella-limestone,  25,  1494. 

HadrophyllidcB,  293,  296. 
Hadrophyllum,  2g6. 
Haimeia,  325. 
Haimeidce,  326,  327. 
Haliomvia,  148,  149. 
Haliotidce,  770. 
Haliotis,  770. 
Halisarca,  161. 
Hallirhoa,  168. 
Halobia,  707. 
Halycine,  550. 
Haly sites,  339,  340. 
HalysitidcB,  327,  339. 
Hamites,  860,  861. 
Hamtdina,  860. 
Haplistion,  163. 
Haploceras,  865. 
Haploceratidce,  865. 


HaplocrinidcB,  432. 
Haplocrinus,  432. 
Haplophlebitivi,  594. 
Haplophyllia,  266. 
Harpa,  798. 
HarpedidcE,  528. 
Harpes,  528. 
Harpida,  798. 
Harpides,  543. 
Harpoceras,  864,  865. 
HarpoceratidcB,  864. 
Hartea,  323,  326. 
Heart-urchins,  383,  389. 
Hederella,  617. 

Hedriophthalmate  Crustaceans,  556. 

Helcion,  762. 

Heliaftthaster,  397. 

Heliastrcsa,  272. 

Helicidce,  811. 

Helicina,  778. 

Helicinidce,  778. 

Helicoceras,  86  r. 

Helicopora,  626. 

Helicoto7na,  j6j. 

Heliolites,  335,  336,  337,  338. 

HeliolitidcB,  335,  337. 

Heliophyllidce,  289. 

Heliophylhnn,  289,  290. 

Heliopora,  331,  332,  333,  334,  335. 

Hehoporidce,  326,  331. 

Heliozoa,  109,  no. 

Helix,  812. 

HelmiTiihochitoTi,  818. 

Hemeristia,  594. 

Hemerobiidce,  598. 

HemiaspidcB,  548. 

Hemiaspis,  549. 

Hemiaster,  390. 

Hemicardium,  728. 

Hemiceras,  808. 

He7nicidaris,  381,  382. 

He77iicosmites,  447,  455. 

He7/ncystites,  452. 

Hemimetabohc  Insects,  592. 

HemipediTia,  382. 

He7nipronites,  661. 

He77iiptera,  595. 

Hemitrochisms,  566. 

Hercoceras,  845. 

Hermit-crabs,  565. 

HeteractiriellidcB,  160,  178. 

Heterastridiimi,  227. 

Heteroblastus,  464. 

Heteroceras,  861,  869. 

Heteroccela,  179. 

Heteroc7d7iid(B,  434. 

HeterocTdnus,  434. 

Heterodictya,  628,  629. 

Heteropliyllia,  265,  269,  271. 

Hete7'opoda,  802. 

Hetcropora,  611,  612,  615,  621,  622. 
Heteroporella,  621,  622. 
Heteroporida,  621. 
Heieropsam/nia,  317, 
Heterostegina,  137. 
Hexacrinidcs,  428. 
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Hexacrimts,  428. 
Hexactine  Hides,  168. 
Hexarhizites,  208. 
Hildoceras,  865. 
Hindia,  165,  167. 
Hinnites,  701. 
Hipponyx,  764. 
Hippofodium,  724. 
Hippopus,  727. 
Hippothoa,  613,  636. 
Hippothoidce,  636. 
Hippurites,  733,  734. 
Hippuritidcs ,  732. 
Hirudinea,  470. 
Histioderma,  481,  482. 
Ho'emesia,  705. 
Holaster,  243,  389. 
Holasterella,  173. 
Holasteridce,  389. 
Holectypus,  386. 
Holochiton,  818. 
Holocystis,  orji,  273. 
Holocysiites,  454,  455. 
Holometabolic  Insects,  599. 
Holopea,  781. 
Holopella,  782. 
Holopidce,  439. 
Holopics,  439. 

Holostomatous  Gastropods,  755,  761. 

Holothuroidea,  406. 

Homalonotus,  533. 

Homanis,  565. 

Homocxla,  178. 

Homocrinus,  436. 

Homotaxeous  deposits,  46. 

Homothetus,  594. 

Hoplites,  867. 

Hoplocrinns,  434. 

Hoploparia,  565. 

Hornera,  618. 

Horny  Sponges,  161. 

Huronia,  840. 

Hyalcsa,  803,  806. 

Hyalocylix,  805. 

Hyalonema,  170. 

Hyalostelia,  170. 

Hyalotragos,  167. 

Hyboclypus,  387. 

HybocrinidcB,  434. 

Hybocrinus,  434. 

Hybocystites,  434. 

Hydra,  193. 

Hydractinia,  197,  198,  199. 
Bydrida,  190. 
Hydrobia,  780,  781. 
Hydrocephalus,  530. 
Hydrocorallines,  191,  223. 
Hydroid  Zoophytes,  195. 
HydropkilidcB,  601. 
Hydrozoa,  192. 
Hymenocaris,  513,  514. 
Hymenoptera,  599. 
HyocrinidcB,  439. 
Hyocrinus,  440. 
Hyolithes,  804,  807. 
HyoHthidcB,  807. 


Hypanthocrinus,  430. 
Hyperammina,  127. 
Hypotrevia,  698. 
Hystricrinus ,  418,  428. 

lanthina,  782. 
lanthinidce,  782. 
Ichthyocrinida,  431,  445,  446. 
Ichthyocrinus,  431. 
Ichthyosarcolites ,  732. 
Idiostroma,  236. 
Idmonea,  618. 
Idmoneidce,  618. 
Illesnidcs,  535. 
Illanus,  S3S,  536. 
Imperator,  775. 

Imperfection  of  the  palaeontological 
cord,  63. 

Imperforate  Foraminifera,  120,  121,  i 
Indusial  Limestone,  598. 
Infusoria,  no. 

Inkbag  of  Cuttlefishes,  822,  871. 
Inoceramus,  705,  706. 
Insecta,  587. 
Involutina,  129. 
Irregular  Echinoids,  383. 
Isastrcea,  271,  272. 
Ischadites,  170,  172,  173,  1564. 
/jzV,  330. 
Isoarca,  jiz. 
Isocardia,  736. 
Isochilina,  506,  507. 
Isodonta,  739. 
Isonema,  776. 
Isopoda,  556,  SS8. 
Isotelus,  534. 
lulopsis,  585. 

Jelly-fishes,  206. 
yerea,  167,  168. 
Jereica,  167. 

Kampecaris,  584.  . 
Keilostoma,  781. 
Kellia,  726. 
Kiiigena,  675. 
King-crabs,  546,  550. 
Kirkbya,  506. 
Klitambonites,  661. 
Koninckella,  663,  664. 
Koninckia,  311. 
Koninckina,  664. 
Ko7iinckinidce ,  663. 
Kraussina,  675. 
Kroyera,  burrows  of,  488. 
Kutorgina,  651. 

Labechia,  232,  233. 
Lace-corals,  622. 
Laceripora,  315. 
Lacuna,  781. 
Leemodipoda,  558. 
Lesvicardium,  728. 
Lagena,  131. 
LagenidcB,  122,  131. 
Lakhinina,  651,  652. 
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Lamellibranchiata,  683. 

Laramie  group  of  North  America,  46. 

i-astocladia,  163. 

LasiograpHdm,  219. 

Lasiograptus,  219. 

Latimcsatidra,  272. 

Leaia,  511. 

Lecanocrimts,  431. 

Leda,  717. 

Legnodesmus,  481. 

Leiopathes,  263. 

Leiopieria,  703. 

Leiorhyiichus,  670. 

Leitha-kalk,  25,  1497. 

Lepadidce,  500. 

Lepadocrinus,  449,  456. 

Lepas,  500,  502. 

Leperditia,  506,  507. 

LeperditidcB ,  506. 

Lepidechiniis ,  yjj, 

Lepidesthes,  376. 

Lepidocentrus,  yj-j. 

Lepidoptei-a,  599. 

Lepisma,  592. 

Lepralia,  636,  637. 

Lepteena,  659,  663. 

Leptagojiia,  662. 

Leptobolns,  652. 

Leptochiton,  818. 

Leptoclinnvi,  603. 

Leptoccelia,  675. 

Leptodomus,  750. 
Leptograptidec,  216. 
Leptograptus,  216. 
Lepiomaria,  766. 
Lepton,  726. 
Leptophyllia,  305. 
Leptoteuthis ,  880,  881. 
Lettcandra,  zyg,  1565. 
Leucones,  179,  1565. 
Leucottia,  179. 
LeucotiidcB,  179. 
Leucosolenia,  179. 
LibellulidcB,  597. 
LichadcB,  540. 
Lichas,  539,  540. 
Lichenopora,  612,  619. 
Lichenoporidcs,  6ig. 
Life-zones,  58. 
Lima,  700. 
Limacidce,  811. 
Limacina,  804. 
Limacinidcs,  804. 
Limanomia,  6g8. 
Limea,  700. 

Limestones,  origin  and  microscopic  struc- 
ture of,  15-32. 
LimidcB,  699. 
Litnnadia,  510. 
Limncea,  814. 
Limncsidcs,  813. 
Limopsis,  713,  714. 
Limoptera,  703. 
Liinulidm,  550. 
Limulus,  546,  547,  548,  551. 
Lindstrccmia ,  266. 


Li?tgula,  650. 

Lhigulella,  650,  651. 

LinguUfis,  650. 

LinguhdcB,  650. 

Linthia,  390. 

Liopistha,  749. 

Litharcea,  311. 

Litkenlomum,  594. 

Lithistidce,  164. 

Lithocardium,  728. 

Lithodomus,  "jxi. 

Litlwgaster,  563. 

Lithographic  Limestones,  18. 

Lithoviantis,  594. 

Lithostrotio)i,  287,  288. 

Liitorina,  781. 

Littori?iidcB,  ySi. 

Liiuites,  844. 
Lituitidcs,  844. 
Lituola,  128. 
Lituolidce,  122,  128. 
Lobites,  856. 
Lobocarcinus,  567. 
Locusta,  597. 
Loftusia,  129,  130. 
Lo?tsdaleia,  292,  293. 
Lophohelia,  262,  267,  268. 
Lophophyllum,  295. 
LophoseridcB,  304. 
Lophoseris ,  304. 
Loricula,  500,  302. 
Loxonema,  784. 
Liicertiaria,  193,  206. 
Lucernarida,  206. 
Lucina,  746,  747. 
Lucinace.a,  746. 
LucinidcB,  746. 
Luidia,  392,  393. 
Lumbricaria,  484. 
LiimbriconereiUs,  479,  480. 
Lunatia,  779. 
Lumclicardiida,  729. 
Ltimilicardiuvi,  729. 
Lunulites,  638. 
Ltiti-aria,  742. 
Lychiiocanium,  149. 
Lymnocardium,  728. 
Lymnorea,  180. 
Lyonsia,  749. 
Lyopomata,  649. 
Zyra,  675. 

Lyrodesma,  713,  717, 
Lyropora,  626. 
Lyssakina,  168. 
Lytoceras,  859,  860. 
LytoceratidcB,  859. 
Lytt07iia,  678. 

Maclurea,  772,  773. 
Macrocheilus,  "jhis,,  785. 
Macrodon,  713. 
Macropneustes ,  390. 
Macroscaphites,  860. 
Macntra,  562. 
Mactra,  741,  742. 
Mactrida:,  741. 
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Madrepora,  308,  309. 
Madreporaria,  263,  264. 
Madreporidm,  308. 
Meeandrina,  272. 
Maandropora,  621. 
Maandrospongidce,  175. 
Magas,  675. 

Magnesian  limestone,  27. 
Malacodermata  (Zoantharia),  263. 
Malacostraca,  556. 
Malleus,  704. 
Mallophaga,  592. 
Malocystites,  452. 

Mandibles  of  Cephalopods,  822,  827,  828, 

871. 
Mantidce,  597. 
Marginella,  797. 
Marginulina,  131. 
Marsupites,  442. 
Marsupitida,  442. 
Martesia,  745. 
Mastopora,  188,  1564. 
Mastosia,  167. 
Matheria,  724. 
Mazonia,  578. 
Mecochirus,  564. 
Medusites,  208. 
Megalaspis,  534,  535. 
Megalodon,  735,  736. 
MegalodontidcB,  735. 
Megalomus,  714,  716. 
Megamorina,  164. 
Meganteris,  675. 
Megaphyllites,  859. 
Megerlia,  675. 
Megistocrinus,  426. 
Melania,  785. 
MelaniidcB,  783. 
Melanopsis,  785. 
Melina,  704. 
Melithcsa,  327. 
MellitioiiidcB,  176. 
MelocririidcE,  426,  429. 
Melocrinus,  426. 
Melonella,  167. 
MelongeJia,  796. 
Meloniies,  376. 
Membranipora,  635. 
MembraniporidcB,  635. 
Menocephalus ,  531. 
Menophyllum,  295. 
Meretrix,  yyj. 
Meringosoma,  479. 
Merista,  666,  667. 
Meristella,  666,  667. 
Mermis,  469. 
Merostomata,  546. 
Merulina,  272. 
Mcsenieripora,  617,  5i8. 
Mesoblastas,  463. 
Mespilocrinus,  431. 
Metablastus,  463. 
Melacrimis,  442. 
Metoptoma,  762,  763. 
Meyeria,  565. 
Miamia,  594. 


Michelinia,  316,  317. 
Micrabacia,  304. 
Micraster,  389,  390. 
Microconchvs,  i,-jis,. 
Microcycltts,  296. 
Microdiscus,  545. 
Microdon,  725. 
Micropora,  635,  636. 
Microporella,  636. 
MicroporellidcB,  636. 
Microporid(s,  635. 
Microsolena,  305. 
Migrations,  50. 
Miliola,  124, 
MiliolidcB,  122,  124. 
Millepora,  223,  224. 
Millericrimis,  440. 
Mitcheldeania,  200,  201. 
Mitra,  797. 
Modiola,  yio. 
Modiolopsidcs,  718. 
Modiolopsis,  718. 
Modiomorpha,  718. 
Mollusca,  680. 
Molluscoidea,  603. 
Monaciinellidcs,  i6r. 
Monera,  log,  110. 
Mo7iilopora,  342. 
Monodonta,  775. 
Monograftidce,  215. 
Monograpius,  215. 
Mo7iomei-ella,  654,  655. 
Monomyary  Bivalves,  68g,  692. 
Monopletira,  731. 
Monoprionidian  Graptolites,  214. 
Monopteria,  703. 
Monotis,  706. 
Monotrypa,  347,  356. 
Mojiotrypella,  356. 
Mo7ioxenia,  325,  326. 
Montacuta,  726. 

Monticulipora,  347,  351,  354,  355. 

MonticiiliporidcB,  346,  354. 

Monticuliporoids,  346. 

MoTitlivaltia,  270. 

Moorea,  506. 

Mopsea,  327,  328. 

Moseleya,  274. 

Mucronella,  637. 

Murchisonia,  767,  768. 

Murex,  796. 

MzcricidcE,  796. 

Mussa,  262,  264,  272. 

yl/yc,  742. 

Myacea,  741. 

Myalina,  708,  709. 

Mycediuin,  304. 

MyidcB,  742. 

Mylacris,  593. 

Mylotlirites,  599. 

Myocaris,  51 1. 

Myoconcha,  724. 

Myophoria,  jzo. 

Myrianiles,  485,  486. 

Myriopoda,  580. 

Myriozoidce,  636. 
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Myrineleoniidm,  598. 
Mysis,  560,  561. 
Mystrophora,  661. 
Mytilacea,  702. 
Alytilarca,  708. 
Mytilidcs,  710. 
Mytilus,  710. 
Myxospongi(B,  i6t. 
Myzostoma,  469. 
Myzostomida,  469. 

Nanocritms,  433,  434, 

Narica,  779. 

Nassa,  793. 

Nassellaria ,  145,  146. 

Natica,  779. 

Naticella,  779. 

NaticidcB,  778. 

Naticopsis,  778.  - 

Nauiilidcs,  844. 

Nautiloidea,  833,  834. 

Nautilus,  826,  827,  845,  846, 

Nemra,  743. 

Nebalia,  510,  512. 

Nebaliadce,  512,  513, 

Nebaliopsis,  512. 

Necrocarcinus,  567. 

Necrogammarus,  557. 

Necroscilla,  562. 

Nectotelson,  561. 

Nematoda,  469. 

Nemerteans,  480. 

Nemertites,  480. 

Neobolus,  651,  652. 

Neocrinoidea,  423,  424,  438,  445. 

Neolimulus,  549,  550. 

Neorinopsis,  599. 

Neoscorpii,  579. 

Nereidavus,  480. 

Nereites,  480,  484,  485. 

Nerinea,  787,  788. 

NerineidcF,  787, 

Nerita,  yyy. 

Neritida,  776, 

Neritina,  j-j-j. 

Neritodomus,  777. 

Neritoma,  777. 

Neritopsidce,  777. 

Neritopsis,  jyj. 

Neuroptera,  597. 

Niditlites,  187,  188,  1564. 

Nileus,  535. 

Niobe,  534. 

A^wo,  784. 

Nodosaria,  131. 

Nodosinella,  129. 

Nonionina,  134. 

Nothoceras,  847. 

Nubecularia,  124. 

NucleoblastidcB,  463. 

Nucleobranchiata,  802. 

Ntccleospira,  667. 

Nucula,  715,  716. 

Nuctilana,  717. 

Nuculanidee,  717. 

NuctdidcB,  714. 


Nuculina,  714. 

Nudibranchiate  Gastropods,  756, 
800. 

NuUiporen-kalk,  25. 
NuUipores,  24,  25,  1496. 
Nuimnulina,  134,  135. 
NwnmulinidcB,  123,  133. 
Nummulitic  limestone,  120,  136. 

Obolella,  651. 
ObolidcB,  650. 
Obolus,  651. 

Oceanic  Hydrozoa,  195. 
Octactinellidcs,  177. 
OctillcBnus,  536. 

Octopod  Cephalopods,  873,  881. 

Oculina,  267. 

OculinidcB,  267. 

Oculospongia,  180. 

Odontofnaria,  766, 

Odostomia,  784. 

O^r.f^'a,  534- 

Oldhanna,  205. 

Oldhainina,  678. 

Olenellus,  529. 

Olenidce,  528. 

Olenus,  530,  531. 

Oligochcsta,  470. 

Oligoporus,  376. 

Oliva,  798. 

Olivella,  798. 

OlividcB,  798. 

Ollacrirms,  429. 

Ompkyma,  282,  288. 

Oniscia,  792. 

Oniscidm,  559. 

Oniscus,  559. 

Onychaster,  402. 

Onychophora,  582. 

Oolitic  structure  of  limestones,  28. 

Operculina,  137. 

Ophidioceras,  844. 

Ophileta,  yji. 

Ophioderma,  403. 

Ophioglypha,  400,  403. 

Ophiolepis,  404. 

Ophiurella,  403. 

Ophiurida,  403. 

Ophiuroidea,  399. 

O/zj,  725. 

Opisthobranchiate  Gastropods,  800. 

Oppelia,  865. 

Orbicular  silica,  7. 

Orbiculoidea,  653. 

Orbitoides,  137. 

Orbitolites,  125,  126. 

Orbulina,  132. 

Orchestia,  557. 

Oreaster,  398. 

Organic  types,  succession  of,  96. 

Oriostoma,  77^. 

Orophocrinus,  462,  463,  464, 

Orozo  'd,  514. 

Ortkis,  658,  659,  660. 

Orthisina,  661. 

Orthoceras,  836,  837. 
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Orthoceratida,  836. 
Orthodesma,  741. 
Orthonema,  785. 
Orthonota,  741. 
Orthonyckia,  765. 
Orthoptera,  597. 
Orthotetes,  663. 
Ortonia,  476,  477. 
Ostracoda,  503,  504,  505. 
Ostrea,  695. 
Ostreacea,  694. 
Ostreidee,  694,  695. 

Ovarian  capsules  of  Graptolites,  213,  214. 
Ovulum,  791. 
Oxynoticeras,  864. 

Pachastrella,  163,  164. 
Pachydomus,  725. 
Pachypora,  314,  315. 
Pachypoterion,  165. 
Pachypteria,  695,  699. 
Pachyrisma,  736. 
PachyteiMsma,  174. 
Pagurus,  565,  566. 
Palceacis,  306,  307,  309,  310. 
Palceacmcea,  762. 
PaliBanatina,  750,  751. 
Palaarca,  714. 
Palcsaster,  395,  396. 
PalcEchimis,  373,  375. 
Palcsga,  559. 
Palcpgina,  206. 
Palcsinackus,  £67. 

PalcBoblattina,  591,  593. 

PalcBOcainpa,  582,  583. 

Palceocaris,  557,  561. 

PalcBocarpilius,  567. 

Palceochorda,  483,  1482. 

PalcBOComa,  396,  397. 

PalcBOCoryne,  202. 

Palceocorystes,  567. 

Palcsocrangon,  557. 

Palaocreusia,  499. 

Palceocrinoidea,  423,  424,  425,  445. 

Palaocyclidm,  296. 

Palcsocyclus,  280,  281,  296,  297. 

PalcBOcypris,  509. 

Palceocystites,  455. 

Palcsodiciyopiera,  592,  593. 

Paleeodiscus,  397. 

PalcBomanon,  167. 

PalcBomyrmex,  600. 

Palteoneilo,  717. 

PalcEontina,  596. 

Palseontological  Record,  imperfection  of, 
63- 

Palaeontological  zones,  58. 
Palaeontology,  relations  and  methods  of, 
82. 

PalceopalcBmon,  563. 
Palaophonus ,  578. 
Paleeophyajs ,  483. 
PalcEopinna,  yog. 
Palceopyge,  527. 
PalcBorcheslia,  557,  561. 
Palaosolen,  741. 


Palasterina,  396,  397. 
Palastropecten,  398. 
Palechinoidea,  372,  373. 
Paleschara,  613. 
Palinuridce,  564. 
Palinurus,  565. 
Paludina,  780. 
PaludiTiidce,  780. 
Panderia,  536. 
Pandora,  749. 
Panopeea,  743. 
Panorpidm,  598. 
Paolia,  594. 

Paper  Nautilus,  881. 

Papyridea,  728. 

Parabolina,  531. 

Paradoxidce,  528. 

Paradoxides,  529,  530. 

Parallelodon,  713. 

Paramuricea,  300. 

Paranebalia,  512. 

Parapholas,  745. 

Parasinilia,  270. 

Par/Ja,  554. 

Parheria,  199,  200. 

Pasceolns,  186,  187. 

Patella,  762. 

PatellidcB,  762. 

Pauropiis,  581,  582. 

Pavonaria,  33T. 

Pearly  Nautilus,  826,  827,  828. 

Pecten,  701. 

Pectinacea,  698. 

Pectinaria,  ^^yi. 

Pectinated  rhombs  of  Cystideans,  450, 

45^-  . 

PectinidcB,  700. 
Pectunculus,  713. 
Pedinopsis,  383. 
Pedipalpi,  577. 
Pedunculated  Cirripedes,  500. 
Pelmatozoa,  364,  408. 
Peltarion,  yyZ. 
Peltastes,  379. 
Peltocaris,  513,  515. 
Peltoceras,  868. 
Peltura,  531. 
Pemphix,  563. 

Pen  of  Cuttle-fishes,  872,  880. 
PencBus,  563,  564. 
Peneroplis,  \'2.is,. 
Pennatulacea,  327. 
PennatulidcB,  327,  331. 
Pentaceros,  393,  397,  398. 
PentacrinidcB,  441. 
Pentacrinus,  415,  441. 
Pentamerella,  672. 
Pentameriis,  671,  672. 
Pentatreinites,  462. 
Pentephylhcm,  464. 

Pentremites,  458,  459,  460,  461,  462,  463. 
,  Pentremitidce,  463. 
Pentremitidea,  463. 
Perforate  Corals,  306. 
Perforate  Foraminifera,  121,  122,  130. 
Periaster,  390. 
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Peridinium,  no. 
Periechocrinus,  426. 
Peripatus,  581,  582. 
Perischodonius,  yj-j. 
Perischoechinidte,  373,  375. 
Perisphinctes,  867. 
PerlidcB,  597. 
Perna,  704. 
Pemopecten,  701. 
Pertiostrea,  697. 
Peronella,  179. 
Petraia,  265,  267. 
Petraster,  396. 
Petricola,  738. 
Phacopidm,  541. 
Phacops,  541. 
Phcedra,  557. 
PhcBnoschisma,  462,  464. 
P/usodaria,  145,  146,  147. 
Phalangidce,  577. 
Phalaranea,  580. 
Phanerozonia,  397,  398. 
Pharetrones,  178,  179,  180,  181. 
Pharetronida;,  179. 
Pharetrospongia,  181. 
Phasianella,  775,  776. 
Phasmidcs,  597. 
PhillipsastrcBa,  284,  290. 
Phillipsia,  528,  543. 
PholadidcB,  744. 
Pholadidea,  741^,  745. 
Pholadomya,  751. 
Pholadomyida,  751. 
Pholas,  745. 

Pholidophyllum,  283,  296. 
Phoniiosoina,  380. 
Phorus,  776,  777. 
Phosphate  of  lime,  15. 
Phragmoceras,  840,  841. 
Phragmophora,  874. 
Phryganeidce ,  598. 
Phrynidea,  579. 
Phrynus,  580. 
Phthanocoris ,  595. 
Phylactolsematous  Polyzoa,  612. 
Phyllocarida,  512. 
Phyllocei-as,  858,  859. 
Phylloceratidce,  858. 
Phyllodocites,  484,  485. 
PhyllograptidcB,  220,  221. 
Phyllograptus,  220,  221. 
Phyllopoda,  510. 
Phyllopora,  626. 
Phyllosonia,  564. 
Pliylloteuthis,  880. 
Phymechinus,  383. 
Physa,  814. 
PhysophoHdes,  195. 
Pikermi  beds,  46. 
Pileolus,  777. 
Pileopsis,  764, 
Piloceras,  838,  839. 
Pinacoccras,  858. 
PinacoceratidcB,  857. 
Pinacopora,  338. 
Pinna,  709. 


index! 

Pinnatopora,  627,  628. 

PinnidcB,  709. 

Pirena,  785. 

Pisania,  795. 

Pisiduivt,  738. 

Pisocrinus,  432. 

Placonella,  167. 

Placoparia,  537. 

Placotrochus,  266. 

Placuna,  697,  698. 

Placunopsis,  698. 

Plagioptychus,  732. 

Plagiostoma,  700. 

Planolites,  483. 

Planorbis,  814. 

Planorbulina,  133. 

Plasmopora,  338. 

Platephemera,  594. 

Platyceras,  764,  765. 

Platychonia,  167. 

PlatycrinidcB,  427. 

Platycrinus,  427,  428. 

Platyschisma,  771. 

Platystoma,  765. 

Platystrophia,  659,  660. 

Plectambonites ,  662. 

Plectoderma,  173. 

Plesiastrcea,  272. 

Pltsiofungidce,  303. 

Plesioporitidm,  305. 

Plesiotetithis,  880,  881. 

Plethospongice,  160,  161. 

PleurobranchidcB,  802. 

Pleurocera,  785. 

Pleurocystites,  449,  451,  456. 

Pleurodictyum,  316,  317. 

Pleurograptus,  216. 

Pleuromya,  748. 

Pleuronotus,  773,  774. 

Pleurope,  176. 

Pleurophorus,  723,  724. 

Pleuropygia,  649. 

Pleurotoma,  799. 

Pleurotomaria,  765,  766,  767. 

PleurotoniariidcB,  765. 

Plcurotomida,  799. 

PlicatocrinidcB,  440. 

Plicatocrimis,  440. 

Plicatula,  699. 

Plinthosella,  167. 

Plocoscyphia,  175. 

Plutnaster,  399. 

Plumidites,  501,  502. 

Plutonia,  529. 

Pocillopora,  244,  269. 

PocilloporidcB,  268. 

Podocyrtis,  148,  149. 

Podophthalmate  Crustaceans,  556,  559, 

Podoseris,  304. 

Podiira,  592. 

P(ecilasf>ia,  496,  502. 

Pcecilopoda,  546. 

PoHr-schiefer,  33,  1490. 

Pollicipes,  502. 

PolychfBtous  Annelides,  470,  471. 
PolycccHa,  265,  267. 
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Polycope,  507,  508. 

Polycopidce,  508. 

Polycyphus,  383. 

Polycystina,  145,  146,  147. 

Polyplacophora,  816. 

Polymorphina,  131. 

Polyphemopsis,  787. 

Polypora,  624. 

Polystomella,  134. 

Polytrema,  133. 

Polytremacis,  335. 

Polytremaria,  766. 

Polyzoa,  604. 

Pontocypris,  509. 

Porambonites,  672. 

Porcellia,  767. 

PorcelHo,  559. 

Porella,  637. 

Porites,  310. 

Poritidce,  306,  309,  310. 

Porocidaris,  379. 

PorosphcEra,  200. 

Posidonia,  707. 

Posidoniella,  706. 

Posidonomya,  707. 

Potamides,  788. 

Poterioceras ,  843. 

PoterioceratidcB,  843. 

PoteriocrinidcB,  435,  436. 

Poteriocririus,  418,  436. 

Preearciurus ,  559. 

PrcBcardiidcE ,  751. 

Prcecardium,  751. 

Prasina,  702. 

Prasopora,  351. 

Prestwichia,  550. 

Primitia,  506,  507. 

Primnoa,  300,  331. 

Prionasircea,  272. 

Proboscina,  616. 

Producta,  655,  656,  657. 

Productella,  657. 

Prodtcctidce,  655. 

Proetidce,  542. 

Proetus,  542. 

Progonoblattina,  593. 

Propora,  338. 

Proscorpius,  578. 

Prosobranchiate  Gastropods,  760. 

Prosopon,  567. 

Prosoponiscus,  557. 

Protachilleum,  167. 

Protaraa,  306,  309,  311. 

Protaster,  404,  405. 

Protichnites ,  524,  525. 

Protobalanus ,  499. 

Protocaris,  514. 

Protocystites,  451. 

Prololimulus,  550. 

Protolycosa,  575,  580. 

Protopharetra,  184,  185. 

Protophasma,  594. 

Protophiurida,  404. 

Protoseris,  304. 

Protospongia,  157,  169. 

Protosycon,  179. 


Protosyngnatha,  582. 
Protozoa,  109. 
Psammobia,  739. 
Psammobiidce,  739. 
Psammocarcinvs,  576. 
Pseudastacus,  564. 
Pseudaxonia,  326,  327. 
Pseudedmondia,  739. 
Pseudocrania,  654. 
Pseudocrinus,  456. 
Pseudodiadema,  381,  382. 
Pseudoftingid(B,  273. 
Pseudomelania,  785. 
Pseudomelaniida,  784. 
Pseudomonotis,  703,  704. 
Pseudoneuroptera,  597. 
Pseudoniscus ,  549. 
Pseudoscorpionida,  577. 
PseudoturbinolidcB,  266. 
Psilocephalus,  535. 
Psoitis,  406,  407. 
Pterinea,  707. 
Pterocaris,  515. 
Pteroceras,  789,  790. 
Pteronites,  703. 
Pteropoda,  803. 
Pteropodal  limestone,  24,  805. 
Pterostoma,  781. 
Pterotheca,  807. 
Pterygometopiis,  541,  542. 
Pterygotus,  552,  553,  554,  SSS- 
Ptilodictya,  628,  629,  630. 
Ptilodictyonidce,  628. 
P lilograptus ,  204,  205. 
Ptilonaster,  404,  405. 
Ptilopora,  626. 
Ptychites,  862. 
PtychitidcB,  861. 
Ptychoceras,  860,  861. 
Ptychophyllum,  298. 
Ptigiunculus,  807. 
Pulmonate  Gastropods,  810. 
Pvlvinulina,  133. 
Pupa,  813. 
Purpzira,  794. 
Purpuridcs,  794. 
Ptirpuroidea,  794. 
Pustulopora,  618. 
Pygaster,  384,  386. 
Pygaulus,  388. 
Pycnogonida,  575. 
Pygocephalus,  563. 
Pygurus,  388. 
Pyramidella,  784. 
PyramidellidcE,  783. 
Pyrgia,  342,  343. 
Pyrgoma,  499. 
Pyrina,  387. 
Pyrula,  792,  796. 

Quenstedtia,  740. 
Quinqueloculina,  124. 

Radiata,  190. 
Radiolaria,  144. 
Radiolarian  coprolites,  148. 
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Radiolarian  ooze,  146. 
Radiolarian  quartzites,  147. 
Radiolites,  734. 
Radiopora,  619. 
Ranella,  793. 
Rapana,  794,  795. 
Rastrites,  5:15,  216. 
Receptaculites ,  170,  171,  172,  173. 
Receptaculitida,  170,  1563. 
Red  Coral,  327. 
Redonia,  716. 

Reef-building  Corals,  256,  257. 
Regular  Echinoids,  378. 
Re7nopleuridce,  528. 
Remopleurides,  528. 
Reniera,  163. 
Rensselcsria,  675. 
Reptaria,  617. 
Requienia,  730,  731. 
Retepora,  609,  610,  626,  637,  638. 
Reteporidce,  637. 
Retiolites ,  220,  221. 
Retiolitidce ,  219. 
Retzia,  666,  667. 
Rhabdoceras,  857. 
Rhabdocidaris,  379. 
Rhabdovieson,  632,  633. 
Rhabdomesontid(B,  632. 
Rhabdopho7-a,  210. 
Rhabdopleura,  222. 
Rhaphistoma,  767. 
Rhipidogyra,  272. 
Rhizangia,  270. 
Rhizocephala,  i^gj. 
Rhizocrinus,  441. 
Rhizomorina,  164. 
Rhizophylhtm,  299,  301. 
Rhizopoda,  109. 
Rhizopoterion,  175. 
RhizostomidcB,  206. 
Rhizostomites,  207. 
Rhodarcea,  311. 
RhodocrinidcB,  428. 
Rhodocrinus,  419,  428. 
Rhoechimis,  377. 
Rhombina,  508. 
Rhombopora,  610. 
Rhopalastrum,  149. 
Rhyncholites,  828. 
Rhynchonella,  669,  670. 
Rhynchonellidcs,  669. 
Rhynchoporina,  670. 
Rhynchospira,  668. 
Rhynchota,  595. 
Rhynchoteuthis,  828. 
Ribeiria,  511. 
Richmond  earth,  34,  1490. 
Riinula,  763. 
Ringicula,  801. 
Rissoa,  780,  781. 
Rissoidts,  780. 
Rissoina,  781. 
Robulina,  131. 
Rocks,  classification  of,  9. 
Roemeria,  319. 
Romingeria,  319. 


Rosenella,  233. 
Rostellaria,  790,  791. 
Rotalia,  133. 
Rotalid(B,  132. 
RudistcB,  732. 
Rugosa,  256,  262,  264,  276. 
Rusichnites,  525. 
Rusophycus,  525. 
Rutotia,  706. 

Sabella,  471. 
Sabellaria,  471. 
Saccammina,  126. 
Saccocoma,  444,  445. 
Saccocoinidce,  444, 
Sactoceras,  840. 
Sageceras,  858. 
Salenia,  ^jg. 
Salenidcs,  379. 
Salicornaria,  635. 
SalicornariadcB,  634. 
Sabnacis,  383. 
Salpingostoma,  769. 
Salterella,  808. 
Sanguinolites,  750. 
.Sao,  1:20,  Kqi. 
oaxicava,  743,  744. 
Scalaria,  781,  782. 
Scalariidce,  781. 
Scalites,  767. 
Scalpellum,  502. 
Scaphander,  802. 
Scaphiocriiius ,  436. 
Scaphites,  868. 
Scaphopoda,  819. 
ScarabceidcB,  601. 
Schizaster,  390. 
Schizoblastus,  463,  464. 
Schizocrania,  654. 
Schizodiscus,  511. 
Schizodus,  720. 
Schizopholis,  651,  652. 
Schizopoda,  560,  561. 
Schizoporella,  636,  637. 
Schizostoma,  771. 
Schloenbackia,  863. 
Schmidtia,  650. 
Scintilla,  726. 
Scissurella,  775. 
Sclerogorgia,  328. 
Scolecida,  469. 
Scolecoderma,  475. 
Scoliostoma,  782. 
Scolithus,  481. 
Scorpiodea,  577. 
Scorpion,  573,  574,  577. 
Scorpion-flies,  598. 
Scrobiculana,  748. 
Scrobiculariidce,  7^7. 
Scrupocellaria,  634. 
Sculda,  562. 
Scutella,  369,  385. 
Scyllarus,  565. 
Sea-anemones,  241. 
Sea-cucumbers,  406. 
Sea-urchins,  366. 
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Sedimentary  rocks,  origin  of,  ii. 
Selenaria,  638. 
SelenariidcB,  638. 
Seliscothon,  164,  166. 
Semele,  748. 
Semicoscinium,  625. 
Sepia,  879,  880. 
Sepiophora,  874,  879. 
Septastrcsa,  246,  272. 
Septifer,  711. 
Seplopora,  628. 
Seraphs,  790. 

Seriatopora,  262,  268,  269. 
Serpula,  471,  472,  473. 
Serpulites,  475. 
Sertularida,  203. 
Sessile  Cirripedes,  497,  499. 
Sestrostomella,  180. 
Shumardia,  545. 
Sialida,  598. 
Sigaretus,  779. 

Siliceous  organic  deposits,  32, 

Silicification,  7. 

SilicispongicB,  160. 

Siliqua,  740. 

Siliquaria,  783. 

Simoceras,  868. 

Siphonaria,  815. 

Sipkonariidce,  815. 

Siphonate  Bivalves,  691,  692. 

Siphonia,  167,  i58. 

Siphonodentalium,  820. 

Siplionostomatous  Gastropods,  760,  761. 

Siphonotreta,  652. 

Skenidimn,  660,  661. 

Slimonia,  555. 

Smilotrochus ,  266. 

Smithia,  290. 

Smittia,  637. 

Smynthurus,  592. 

Solanocrinus,  443. 

SolariidcB,  774. 

Solarium,  yj^. 

Solaster,  393,  397,  399. 

Solecurtus,  740. 

Solemya,  TiS,Z. 

Solemyidce,  748. 

Solen,  740. 

SolenidcB,  740. 

Soieniscus,  785. 

Solenopora,  200,  201. 

Solenopsis,  741. 

Sowerbya,  739. 

SpatangidcB,  389. 

Spatangus ,  390. 

Spathiocaris,  852. 

Sphmractinia,  199. 

Sphcsyechinus ,  383. 

Sphcsrexochus,  537, 

Spharium,  738. 

SphcEronites,  454. 

SphcErospongia,  173,  1564. 

Sphierulites,  734. 

Sphenaulax,  174. 

Sphenotrochus,  266. 

Sphinx,  599. 


Spirialis,  805. 
Spirifera,  664,  665 
Spiriferidce,  664. 
Spiriferina,  665. 
Spirigera,  666. 
Spii~illina,  133. 
Spirocyathtis,  184. 
Spiropora,  618. 
Spirorbis,  472,  473. 
Spi7-vla,  873,  875. 
SpirulidiB,  875. 
Spirulirostra,  878. 
SpondylidcB,  698. 
Spondylus,  698,  699. 
Spongilla,  158. 
Spongillidce,  155. 
Spongillopsis,  163. 
Spongites,  161. 
Spongophyllmn,  286. 
Sporadopora,  22^,  229. 
Sporadopyle, 
Spuinellaria,  145,  147. 
Squilla,  562, 
Stacheia,  129. 
Staphylinidcs,  601. 
Stauractinella,  168,  174. 
Stauria,  264,  273. 
Staurida,  273. 
Staurocephalus ,  537. 
Stauroderma,  174. 
StaurodermidcB ,  174,  176. 
Stauronema,  176. 
Stelidiocrinus,  427. 
Stellaster,  398. 
Stellispongia,  180. 
Stenaster,  396. 
Stenocrinus,  434. 
Stenopora,  350. 
Stenoschisma,  671. 
Stephanast7'um,  149. 
Stephanoceras,  866. 
Stephanoceratidce,  865. 
Stephanophyllia,  308. 
Stereoplasma,  245. 
Stictopora,  630. 
Stictoporida,  630. 
Stoliczkaria,  227,  228,  229. 
Stomatia,  770. 
Stomatiidce,  770. 
Stomatopoda,  561. 
Stomatopora,  616,  617. 
Sioma/oporid(S,  616. 
Stomechinus,  383. 
Stone-flies,  597. 
Straparolltis,  770,  771. 
Strata,  contemporaneity  of,  46. 
Streblopteria,  702. 
Strephochetus,  127. 
Sircpsiptera,  600. 
Streptelasma,  278,  279,  280. 
Strepiorhynchus,  663. 
Striatopora,  315. 
Stricklandia,  672. 
Stricklandinia,  672. 
Stringocephalidce,  676. 
Stringocephalus,  676,  677. 
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Strobilepis,  501. 
Strobilocystites,  452. 
SiromatacHs,  si. 
Stromatopora,  235,  236,  237. 
Stiwnaioporella,  236,  237. 
Stromatoporoidea,  229,  1564. 
Stromhidce,  789. 
Strombodes,  287. 
Strombus,  789. 
Strongylocentrotus,  383. 
Strophalosia,  657. 
Strophomena,  659,  660,  661,  662. 
Strophoinenidce,  658. 
Strophostylus,  765. 
Stygina,  535. 
Stylarcea,  311. 
Stylaster,  225,  226. 
StylasteridcB,  225. 
Sty  Una,  272. 
Styliola,  805. 

Styliola-limestone,  805,  806. 
Stylodiciya,  148,  149. 
Stylomniatophora,  811. 
Stylonurus,  554,  555. 
Stylopkora,  244,  245,  268. 
Subulites,  786,  787. 
Subulitidce,  786. 
Succession  of  organic  types,  96, 
Sziccinea,  813. 
Suessia,  665. 

Sulcator,  burrows  of,  488. 
Sidcima,  508. 
Sulphate  of  lime,  14. 
Sycon,  179. 
Sycones,  179. 
Syconidce,  lyg. 
SymbathocrinidcB,  432. 
Symbathocrinus,  432. 
Synapta,  406,  407. 
Synaptychus ,  851. 
Synhelia,  267,  268. 
Synocladia,  628. 
Syringammina,  127. 
Syj-ingolites,  318,  319. 
Syringophyllum,  322. 
Syringopora,  319,  321,  322. 
Syringoporidm,  319,  320,  321. 
SyringosphcBra,  227,  229. 
Syringosphm-idce ,  229. 
Syringothyris,  665. 

Tabulate  Corals,  264. 

TcBniaster,  405. 

Talitrus,  556. 

Tancredia,  739. 

TancredidcB,  739. 

Tapes,  737. 

Taxocrinidce,  431. 

Taxoci-imis,  431,  445. 

Tectibranchiate  Gastropods,  800. 

TeichonidcB,  179. 

Tellina,  747. 

Tellinacea,  747. 

Tellinidce,  7^7. 

Tellinomya,  716,  717. 

Teinneckinus,  382. 


Temnocheilus,  846. 
Tenebrionidce,  601. 
Tentaculitcs,  808,  809,  810. 
Tentaculitidcs,  808. 
Terebellum,  790. 
Terebra,  799. 
Terebratella,  675. 
Tercbratula,  673,  674. 
TerebratulidcB,  673. 
Te?-ebralulina,  674. 
Terebridcs,  ■jijg. 
Terebrirostra,  675. 
Teredina,  745. 
TeredinidcB,  745. 
Teredo,  745,  746. 
Termites,  597. 
Terqueinia,  699. 
Tessellate  Crinoids,  423,  424. 
Testacella,  811. 
Testacellida,  811. 
Tethya,  163. 
Teihyopsis,  164. 

Tetrabranchiate  Cephalopods,  826. 
Tetracidaris,  378,  379. 
Tetracladiria,  165. 
Tetracoralla,  276. 
Tetractinellidce,  163. 
Tetradiidce,  340. 
Tetraditm,  340,  341. 
Tetragonis,  172. 
Tetragraptus,  217. 
Tetraprionidian  Graptolites,  220. 
Texttilaria,  130. 
Textulai'idce,  122,  130, 
Thalaminia,  199. 
Thalassicolla,  144. 
Thalassolampe,  144. 
Thamnogmptus,  205. 
Thatimatocrinus ,  438,  443. 
Theca,  807. 
Thecaphora,  igy,  203. 
Thecia,  322,  323. 
TliecidcB,  322,  323. 
Thecidea,  678. 
ThecidiidcB,  677. 
Thecidium,  6yj,  678. 
Thecocyathus,  266. 
Thecopsammia,  308. 
Tliecosmilia,  270,  272. 
Thecosomatous  Pteropods,  803,  804. 
Thecostegites,  322. 
Thelyphonus,  580. 
TheonoidcB,  620. 
Thetis,  738. 

Thinning  out  of  beds,  72. 
Thiolliericrinus,  442,  443. 
Tholiasterella,  178. 
Thoracica  (Cirripedia),  497. 
Thoracostraca,  559. 
Thracia,  749. 
Thyotiiditim,  406,  407. 
Thysanura,  592. 
Tiarac?-i?ius,  452. 
Tinoporus,  133. 
Titanophasma,  594. 
Tityus,  579. 
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Tomatella,  801. 
Tornatellida,  800. 
Toulminia,  175. 
Toxoceras,  869. 
Trachyceras,  857. 
Trachydemia,  475. 
Trachymedusce,  205. 
Trackynemida,  206. 
Trachynemites,  206. 
Trachypora,  315. 

Tracks  of  Annelides  and  Molluscs,  480, 
484. 

Trapezium,  736. 
Tremabolites,  175. 
Tremacystia,  180. 
Tremadictyon,  174. 
Tremanotus,  769. 
Trernaiis,  651,  653. 
Trematodiscits,  149,  846. 
Trematospira,  668. 
Tretenterata  {Brachiopoda),  649. 
Triacrinus,  432. 
Tricena,  600. 
Triarthrus,  532. 
Trichites,  710. 
Trichoptera,  597,  598 
Triccelocrinus ,  463. 
Tridacna,  j2.j. 
TridacnidcB,  yzj. 
Triforis,  789. 
Trigonellites ,  851. 
Trigonia,  719,  720. 
TrigotiiidcE ,  719. 
Trigonodus,  722. 
Trigonosemus ,  675. 
Trilobita,  516. 
Trimerella,  654,  655. 
Trimerellidce ,  654. 
Trimerocephalus,  541. 
Trinucleidts,  544. 
Trimicleus,  544,  545. 
Triplesia,  670. 
Tripoli,  33,  1490. 
Trivia,  791. 
Triton,  793. 
Tritonium,  793. 
TritoniidcB,  792. 
Trochammi7ia,  129. 
Trochidee,  774. 
Trochobohis,  ly^^. 
Trochoceras,  844. 
TrochoceratidcB,  844. 
Trochocyathtis ,  266. 
Trochocystites,  451. 
Trocholites,  844. 
Trochonema,  776. 
Trochoseris,  304. 
Trochosmilia,  270. 
Trochotoma,  767. 
Trochus,  774. 
Troostoblaslidce,  463. 
Troostocrinns,  463. 
Trophon,  796. 
Tropidaster,  399. 
Tropidoleptiis,  661. 
Tropitcs,  856. 


Tropitidce,  856. 
Truncatella,  786. 
Truncatellides,  786. 
Truncatulina,  133. 
Tryblidiinn,  762,  763. 
Tubicolous  Annelides,  471. 
Tubipora,  326,  328,  329,  330. 
TnbiporidcB,  326,  328. 
Tubularian  Zoophytes,  197. 
Tubulipora,  616. 
TubuUporidm,  616. 
Tubulosa,  264. 
Tudicla,  796. 
Tunicata,  603. 
Tu7-binaria,  310. 
Turbinella,  795. 
TurbinidtE,  yj^. 
Turbinolia,  266. 
Turbinolides,  265. 
Turbo,  775. 
Turbonilla,  784. 
Turricula,  797. 
Turrilepas,  500,  501,  502. 
Turrilites,  860,  861,  862. 
Turritella,  782,  783. 
Turritellidce ,  782. 
Tylostoma,  779. 
Typhis,  796,  797. 

Umbonium,  775. 
Umb7-ella,  802. 
Uncites,  667,  668. 

Unconformability  of  strata,  69,  70. 

Ungulina,  739. 

Ungulinidce,  738. 

UnicardiidcB,  739. 

Unicardium,  739. 

r7;zzo,  721. 

Unionidce ,  720. 

Unitrypa,  626. 

Uraster,  399. 

Urasterella,  396. 

C/rrfa,  ssg. 

Vaginulina,  131. 
Valenciennesia,  815. 
Valvata,  780. 

Valvular  pyramid  of  Cystideans,  449. 

Valvulina,  129. 

Vanikoro,  779. 

Vanuxemia,  714. 

Velates,  777. 

Velutina,  765. 

Velutinidce,  765. 

Venericardia,  723. 

VeneridcB,  737. 

Venerupis,  737. 

Ventriculites,  175. 

Ventriculitides,  174,  175. 

Venus,  737. 

Vermes,  468. 

VermetidcE,  782. 

Vermetus,  783. 

Vermilia,  472. 

Verruca,  499,  500. 

VerrucidcB,  499. 
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Verrucoccelia,  174. 
Verruculina,  idy. 
Verticillites,  180. 
Vestinautiltcs,  846. 
VetuHna,  165,  167. 
Vincularia,  635. 
Vinculariidce,  635. 
Vioa,  162. 
Vivipara,  780. 
Valuta,  797. 
VolutidcB,  796. 
V olutilithes ,  797. 
Volutomiira,  797. 
Vulsella,  703,  704. 

Waldheimia,  642,  645,  646. 
Websteria,  328. 
White  Ants,  597. 
Willemoesia,  564. 

Xanthilites,  567. 
Xantho,  567. 
Xanthopsis,  567. 
Xenaster,  397. 


INDEX." 

Xenoneura,  594. 
Xenophora,  776. 
Xenophoridm, 
Xiphosura,  546. 
Xiphoteuthis ,  878. 
Xylobius,  584,  585. 
Xylophaga,  745. 
Xylophagella,  745. 

Yoldia,  717. 

ZaphrentidcB,  294. 

Zaphrentis,  247,  262,  277,  281,  282,  283, 

293.  294- 
Zaphrentoidea,  284,  293. 
Zeacri?ius,  436. 
Zeilleria,  674. 
539. 

Zoantharia,  261 ;  Z.  malacodermata, 
263  ;  Z.  sclerobasica,  263  ;  2.  scleroder- 
viata,  263. 

Zonites,  812. 

Zoocapsa,  499. 

Zygospira,  669. 
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Abderites,  1268. 
Acanthaspis,  965. 
Acanthias,  929. 
Acanthobatis,  934. 
Acanthodea,  965. 
Acanthoderma,  1015. 
Acanthodes,  966. 
Acantkodidce,  966. 
Acanthodopsis,  966. 
Acantholepis ,  965. 
Acanthopholis,  1161. 
Acanihopleurus,  1015. 
Acanthopsis ,  1000. 
Acanthoptoygii,  1005. 
Acanthurus,  loio. 
Acanus,  1013. 
Accipitres,  1239. 
Acdestis,  1268. 
Acentrophorus,  982. 
Aceratheruim,  1367. 
AchcBnodon,  1323. 
Acheloma,  1032. 
Ache  Ionia,  1103. 
Achyrodon,  1276. 
AcichelyidcE,  1102. 
Acichelys,  1103. 
Acipenser,  975. 
AcipenseridcB ,  974. 
Acipenseroidea,  974. 
Aciprion,  1139. 
Acodus,  921. 
Acomys,  1418. 
Acotherulvm,  1332. 
Acrodus,  942. 
Acrogasier,  loii. 
Acrognathus,  994. 
Acrolepis,  978. 
AcronuridcE,  loio. 
Acrosaurus ,  11 37. 
Acrotemnus,  984. 
Acteosaurus,  1143. 
Actinobatis,  933. 
Aclinodon,  1031. 
Adapts,  1466. 


Addax,  1348. 
Adenodei-ma,  1025. 
Adeotherium,  1329. 
Adiposorex,  1459. 
Adiposoricidce,  1459. 
Adiposoriculus,  1459. 
AdocidcB,  1 106. 
Adocus,  1 106. 
Adriosaurus,  1139. 
yEchmodtts,  982. 
/^lurictis,  1446. 
^Iwodon,  1433. 
j^lurogale,  1446. 
^luropsis,  1445. 
^lurosaurus,  1058,  1569. 
y^lurus,  1430. 
Aiolodo?i,  1189. 
^pichthys,  1009. 
^pyornis,  1225. 
Aipyornitlies,  1225. 
/EpyornithidcB,  1225. 
■^pyprymnus,  1286. 
^pysaiirus,  1179. 
^ihalion,  989. 
Aeiobaiis,  936. 
Aetosauria,  1182. 
AetosauridcE ,  1182. 
Aetosaurus,  1137,  1182. 
Agama,  1139. 
Agamid<e,  1139. 
Agassizia,  989. 
AgJthaumas,  1154. 
Aglossa,  1043. 
Agnopterus,  1238. 
Agomphus,  1106. 
Agriockcerus,  1328. 
/4  ipichthys = Aipichthys, 
Aistopoda,  1024. 
Alachtheriuin,  1424. 
Alactaga,  1416. 
Alastor,  1461. 
Alatididce,  i2i^2. 
Alanda,  1242. 
^/ca,  1232. 
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Alcedinidee,  T242. 
Alcelapkus,  1347. 
Alces,  1341. 
AlcidcB,  1222. 
Alectorides,  1233. 
Aletornis,  1233. 
Alligator,  1 196. 
Allodon,  1270. 
Allolepidotus,  982. 
Allomys,  1421. 
Allopleuro7i,  11 16. 
A  Hops,  1374. 
Allosaurus,  ii68. 
Alopecias,  945. 
Alosa,  996. 
Alytes,  1043,  ^i- 
Amblotherium,  1276, 
Amblyctomis,  1453. 
AmblypharyngodoH ,  100 1. 
Ainblypoda,  1383. 
AmblyprisHs,  931. 
Atnblypte}-us,  978. 
Amblyrhiza,  1415. 
Amblystoma,  1041. 
Amblyurxcs,  983. 
A7nia,  991. 
AmiidcB,  990. 
Amioidea,  988. 
Amiopsis,  991. 
Amphibamus,  1024. 
Amphibia,  1018. 
Amphicetus,  1304. 
Amphickelydia,  109 1. 
Aniphicoelias ,  1173. 
Amphicotylus,  1191. 
Amphictis,  1438. 
Amphicynodon,  1436. 
Aniphicyon,  1434. 
Amphidozotherium,  1458. 
Amphietnys,  1106. 
Aviphilestes,  1274. 
Amphiperatheriicm,  1281. 
Amphiplaga,  1014. 
Amphirana,  1044. 
Amphisaurus,  1166. 
Amphisile,  1005. 
Amphisorex,  1457. 
Amphistium,  1008. 
Amphitheriidcs,  1273. 
Amphitherium,  1276. 
Aviphitragulus,  1338. 
Amphitylus,  1274. 
Amphiuma,  1041. 
Amplwdon,  998. 
Amynodon,  1365. 
Amynodontidcs,  1365. 
Anacanthina,  1003. 
Anacodoji,  1382. 
Anapterus,  looi. 
Ariaptomorphus,  1467. 
Anas,  1236. 
AnatidcB,  1236. 
Anchiloplius,  1358. 
Anchippodontidai,  1408. 
Anchippodus,  1408. 
Ancliippus,  1359. 


Anchisauridce,  1166. 

Anc/iisaurus,  n66. 

Anchitherium,  1358. 

Ancistrodon,  1016. 

Ancylopoda,  1373. 

Ancylotherium,  1373. 

Andrias,  1041. 

Anenchylum,  loio. 

Anguidce,  1140. 

Anguilla,  1002. 

Anguis,  1 140. 

Anguisaurus,  1137. 

Anisodexis,  1032. 

Anisolophns,  1359. 

Anisonchus,  1380. 

Ankistrodon,  1167. 

Anomalichthys,  965. 

Anomodontia,  1053,  1569 

Anoplonassa,  1308. 

Anoplosaurus,  1161. 

AnoplotheHidce ,  1328. 

Anoplotherium,  1328. 

Anostira,  1105. 

Anser,  1236. 

Anseres,  1236. 

Anthodon,  1056, 

Anthracosauridce,  1033. 

Anthracosaurus ,  1034. 

AnthracotheriidcB,  1324. 

Anthracotherium,  1324. 

Anthropoidea,  1468. 

Anthropopithecus,  1470. 

Antilocapra,  1345. 

AntilocapridcB,  1345. 

Antilope,  1347. 

Apateon,  1024. 

Apateotiidcs,  1024. 

Apatornis,  1229. 

Apatosatirus,  1173. 

Aphanapteryx,  1233. 

Aphelophis,  1147. 

Ap/ielops,  1367. 

Aphelosaurus,  1137. 

Aphelotherium,  1466. 

Apholidemys,  1105. 

AphrodediridcB ,  1014. 

Aphrodedirus,  1014. 

Aplax,  1103. 

Apocopodon,  936. 
Apoda,  1039. 
Apo^on,  1013. 
Aptenodytes,  1232. 
Apterodon,  1453. 
Apteryges,  1225. 
ApterygidcB,  1225. 
Apteryx,  1225. 
Aptornis,  1233. 
Aquila,  1240. 
^r<z,  1241. 
Arapaima,  999. 
Archcslurus,  1446. 
Archceobatis,  935. 
Archceobclus,  1060. 
Archteoceti,  1304. 
Archceockelys,  1093. 
ArchcBomys,  1416. 
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ArchcBopterygid(B,  1221. 
ArchcEOpteryx,  1221. 
ArchcBotherium,  1323. 
Archmus,  1008. 
Archegosauridx,  1029. 
Archegosanrus,  1030. 
Archichthyi,  971. 
Arctocyon,  1453. 
ArctocyonidcB,  1453. 
Arctodus,  1429. 
Arctomys,  1420. 
Arctosaurus,  1166. 
Arctotherium,  1432. 
Ardea,  1238. 
ArdeidcB,  1238. 
Ardeosaurus,  1137. 
Argala,  1238. 
Argilloclielys,  1115. 
Argillornis,  1239. 
Argillotherium,  1453. 
Argyriosus,  loio. 
Arisiosuchus,  1169. 
Arius,  1002. 
Artiodactyla,  1313. 
Arvicola,  1417. 
Ashna,  1013. 
AsineopidcE,  1014. 
Asineops,  1014. 
Asionidee,  1240. 
Aspidichthys,  965. 
Aspidopleurus,  997. 
AspidorhynchidcB,  987. 
Aspidorhynchus,  987. 
Aspius,  1000. 
Asteracanthus,  943. 
A sterodermus ,  933. 
Asterodon,  986. 
AsterolepididcE,  962. 
Asterolepis,  962. 
Asierospondyli,  937. 
Asthenodon,  1276. 
Atlucata,  1088. 
Atherina,  1006. 
AtherinidcB,  1006. 
Atherstonia,  x. 
Atherura,  1415. 
Athrodon,  985. 
Atlantochelys,  1090. 
AtlantosauridcB ,  1173. 
Atlantosaurus,  1173. 
Aloposaurus,  1148. 
Attakeopsis,  989. 
Auchenaspis,  961, 
Auchenia,  1335. 
Auchenoglanis ,  looi. 
Aulacochelys,  11 18. 
Aulaxinus,  1469. 
Auliscops,  1005. 
Aulolepis,  994. 
Aulostoma,  1005. 
Aves,  1208. 
Axesius,  1 1 18. 

Bahirusa,  1321. 
Bachitherium,  1333. 
Ba'ena,  1093. 


BaenidcE,  1093. 
Bagarius,  1002. 
Baleena,  1302. 
BalanidcB,  1302. 
BalcBnodon,  1305. 
Balcenoptera,  1303. 
Balmnotus,  1302. 
Balcenula,  1302. 
Batistes,  1015. 
Batistidce,  1015. 
Bap/ietes,  1033. 
Baptanodon,  1127. 
Baptemys,  1106. 
Baptosaurus,  1145. 
Batagur,  1107. 
Batlimodon,  1387. 
Batliygnathvs,  1166. 
Bat/iyopsis,  1388. 
Batrachiderpeton,  1024. 
Batrachosaurus ,  1137. 
Batrachus,  1044. 
Bdetostoma,  923. 
Betemnobatis,  933. 
Bettia,  1 108. 
Betodon,  11 83. 
Betone,  1000. 
BetonorhynchidcB,  988. 
Belonorkynchus,  988. 
Betonostomus,  987. 
Benedenius,  979. 
Bernissartia,  1191, 
Berycida,  1010. 
Berycopsis,  101 1. 
Beryx,  101 1. 
Bettongia,  1286. 
Bison,  1351. 
Bitis,  1 1 48. 
Blastomeryx,  1342. 
BtenniidcE,  1006. 
Blochius,  997. 
Boavus,  1 147. 
Boidce,  1147. 
Botodon,  1270. 
BotodontidcB,  1270. 
BotosauridcB,  1060. 
Botosaurus,  1060. 
Bombinator,  1043. 
BoStlierium,  1350. 

1351. 
Bosdaplius,  1348. 
Bot/iremys,  1099. 
Bot/iriceps,  1033,  x. 
Bottit-iotepis,  962. 
Bothriospondylus,  1 176. 
Bot/irotabis,  1322. 
Botrop/iis,  1 147. 
Bovidcp,  1345. 
Bracliycyon,  1434. 
Brac/iydectes,  1191. 
Bracliydiastematotlierium,  1373. 
Bractiydirus,  964. 
Brac/iymys,  1419. 
Bracliyops,  1032. 
Bracliytlierium,  1330. 
BradypodidcB,  1299. 
Bradypus,  1300. 
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Bramatherium,  1344. 
Branchiosauria,  1023. 
BranchiosauridcE,  1023, 
Bi-anchiosaurus,  1023. 
Brithopus,  io6r,  1570. 
Brontops,  1374. 
Brontosaurus,  1173. 
Brontotherium,  1374. 
Bubalus,  1350. 
Bubo,  1241. 
Bucapra,  1350. 
BucerotidcE,  1242. 
Bucklandimn,  looi. 
Bufavus,  1043. 
Bufo,  1044. 
Bufonidce,  1043. 
Bztrtinopsis,  1303. 
Buteo,  1240. 
Byactinus,  951. 

CacatuidcB,  1241. 
Cadurcotheriu7n,  1365. 
CcBnopithecus,  1466. 
CcBtiotheriida,  1330. 
Ccsnotkerium,  1330. 
Caiman,  1196. 
Calamagrus,  1147. 
Calamodon,  1410. 
Calatnodontida,  1410. 
Calamoichthys,  g74. 
Calamopleurus,  1005. 
Calamospondylus,  1170. 
Calamostoina,  1014. 
Callipteryx,  1007. 
Callithrix,  1469. 
Calloplioca,  1423. 
Callopristodus ,  930. 
Callorhynchus,  950,  951, 
Caviarasatirus,  1173. 
Camascelus,  1233. 
Camelidce,  1334. 
Camelopardalis,  1343. 
Camelus,  1335. 
Campodus,  941. 
Camptomus,  1268. 
Camptonottis,  1159. 
Camptosaurns,  1159. 
CanidcB,  1430. 
Canis,  1435. 
Canobius,  978. 
Capitodus,  1012. 
Capitosaurus,  1036. 
Capra,  1349. 
Capreolus,  1342. 
Caprovis,  1350. 
CarangidcB,  1008. 
Carangopsis,  loio. 
Caranx,  loio. 
Carcharias,  946. 
Carchariidm,  946. 
Carcharodon,  945. 
Carcharopsis,  944. 
Cardiatherium,  1414. 
Cardiodon,  H77,  1414. 
Cardiomys,  1414. 
Carettochelyida,  iioi. 


Carettochelys,  hot. 
Cariacus,  1342. 
CarinaicB,  1229. 
Carine,  1241. 
Cariodertna,  1295. 
Carnivora,  1421. 
Carterodon,  1415. 
Castor,  1419. 
Castoridce,  1419. 
Castoroides,  1415. 
CastoroididcB,  1415. 
Casuariidce,  1228. 
Catapleura,  1138. 
Catarractes,  1232. 
Cathartes,  1239. 
Cathartidce,  1239. 
Catopterus,  982. 
CaturidcB,  989. 
Catums,  989. 
Caudata,  1039. 
Caulodon,  1176. 
Cavia,  1413. 
CaviidcE,  1413. 
Cayhixotherium,  1456. 
CebidcB,  1469. 
Cebockmrus,  1322. 
Cebus,  1469. 
Cenerodus,  986. 
Centetodon,  1459. 
Centracodon,  1459. 
Centrina,  929. 
CentriscidcB,  1005. 
Centrolepis,  978. 
Centrophorus,  928. 
Cephalaspidea,  959. 
CephalaspididcB,  961. 
Cephalaspis,  961. 
Cephalogale,  1434. 
Cephalopus,  1347. 
Ceraterpeton,  1025. 
Ceratochelys,  iioi. 
Ceratodontidce,  953. 
Ceratodus,  953. 
Ceratophrys,  1044, 
Ceratopidcs,  1163. 
Ceratops,  11 63. 
Ceratoptera,  936. 
Ceraiosauria,  iioi. 
CercopithecidcB,  1469, 
Cereopsis,  1236. 
Cerodon,  1413. 
Cervalces,  1341. 
Cervidce,  1336. 
Cervulus,  1338. 
Cervus,  1338. 
Cestracion,  943. 
Cesiraciontidce,  940. 
Cetacea,  1300. 

Cetharthrosaurus,  1129,  1146. 
Cetiosauridcs,  1177. 
Cetiosaurus,  1178, 
Cetorhinus,  946. 
Cetotheriophanes ,  1303. 
Ceiotherium,  1303. 
Cetuba,  1241. 
ChcBtodontidcB,  1013. 
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Chaibassia,  1109. 
Chalicomys,  1420. 
Chaiicotheriidce,  1372. 
Chalicotherium,  1373. 
Chameleon,  1142. 
ChameleoiUidcB,  1142. 
Champsodelphis ,  1306. 
ChampsosauridcB,  1133. 
Champsosaurus,  1133. 
Chanos,  995. 
CharadriidcB,  1233. 
Ckaradrius,  1233. 
ChauHodo7itia,  1033. 
Chauria,  1237. 
Chelodina,  iioo. 
Chelo7ie,  11 15. 
Chelonemys,  1098. 
Chelonia,  1082. 
ChelottidtE,  iiii. 
Chelonides,  1097. 
Chelotriton,  1041. 
Chefydosaurus,  1031. 
Chelydra,  1104. 
ChelydridcE,  1104. 
Ckelydropsis,  1105. 
ChelyidcB,  iioo. 
Chelys,  iioo. 
Chelytherium,  1096. 
Chenornis,  1237. 

Chilonyx,  1060,  1570. 

Chiloscy Ilium,  944. 

Chimmra,  950. 

Chimtsridce,  950. 

Chimeroidei,  949. 

Chimeropsis,  951. 

ChinchillidcB,  1414. 

Chiracanthus ,  966. 

Chirocentride ,  999. 

Chiroceiitrites ,  995. 

Chiroceninis,  994. 

Chirodopsis,  979. 

Chirodus,  979. 

Chirolepis,  977. 

Chiromys,  1464. 

Chiromystus,  999. 

Chironectes,  1280. 

Chiroptera,  1459. 

Chirosaurus,  1038. 

Chirotherium,  1038. 

Chirothrix,  1006. 

Chirox,  1269. 

Chitra,  1118. 

Chitracephalus,  1098. 

Chlamydosaurits,  1140. 

Chlamydoselache,  938. 

Chlamydotherium,  1292. 

Chcsnohyus,  1321. 

Chceromeryx,  1333. 

Chxromorus,  1321. 
ChxrofotamidcB,  1322. 
Chceropotamus,  1323. 
Cholcepus,  1300. 
Chondrenchelys ,  ij'zy, 
ChondrosteidtB,  976. 
Chondrosieus,  976. 
Choneziphius,  1306. 


Chriacus,  1453. 
Chromidcs,  1005. 
Chronozotim,  1311. 
Chrysemys,  1107. 
Chrysichthys,  1002. 
Chrysopkrys,  1012. 
Ciconiidce,  1238. 
Cimolestes,  1277. 
Cimolichthys,  998. 
Cimoliochelys,  11 16. 
Cimoliomys,  1268. 
Cimoliophis,  1146. 
Cimoliornis,  1201. 
Cimoliosaurus,  1077,  I57P. 
Cimolodon,  1268. 
CinosternidtB,  1105. 
Cinoslernum,  1105. 
Cionodon,  1154. 

Circus,  1240. 

Cirognathus,  1064. 

Cistecephalus,  1064. 

Cistudo,  1 108. 

Cladiodon,  1167. 

Cladocyclus,  1006. 

CladodontidcB,  927. 

Cladodus,  927. 

Clarias,  1002. 

Clastes,  988. 

Clemmys,  1108. 

ClepsydropidcB,  1059. 

Clepsydrops,  1059. 

Clepsysatirus ,  1166. 

Clidastes,  1143. 

Clitnatius,  967. 

Climaxodus ,  929. 

Clinodactyla,  1312. 

Clithrolepis,  983. 

Clupea,  995. 

ClupeidtB,  994. 

Cnemiornis,  122,6. 

Cobitis,  IOCX3. 

Cobus,  1347. 

Coccoderma,  974. 

Coccodus,  985. 

Coccolepis,  978. 

Coccosteida,  964. 

Coccosteus,  964. 

Cockleosaurus ,  1031. 

CochliodotitidcB,  939. 

Cochliodus,  940. 

Cocytitius,  1027. 

Ccelacanthidm,  972. 

Ccelacanthus,  973. 

Ccelodon,  1299. 

Ccelodus,  984. 

C(elogaster,  995. 
CiBlogenys,  1414. 
Cxlorhynchus,  952,  loio. 
Coslurida,  1170. 
Ccelurus,  1170. 
CofZffi,  1305. 
Colobus,  1469. 
Colonoceros,  1653. 
Colonodus,  969. 
Colonomys,  1419. 
Coloreodon,  1328. 
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Colossochelys,  iiio. 

Colpodon,  1377. 

ColubridiB,  1146. 

Columba,  1234. 

Columbce,  1234. 

ColumbidcB,  1234. 

Colymboides,  1232. 

Colymbosaurus ,  1077. 

Coly7nbus,  1232. 

Comphotherium,  1456. 

Compsemys,  1105. 

Compsognathidce,  ii6g. 

Compsognathus,  1169. 

Conchiosaurus,  1072. 

Conchodus,  957. 

Conchopoma,  955. 

Condylarthra,  1378. 

Conepatus,  1428. 

Coniasaurus,  1139. 

Conodonts,  921. 

Conoryctes,  1453. 

Contracavia,  1413. 

Coi-ax,  946. 

Cordylodon,  1457. 

Cormoranus,  1238. 

CorvidcB,  124.2. 

Corvus,  1242. 

CoryphcBnidcB ,  1007. 

Coryphodon,  1386. 

Coryphodontia,  1385. 

Coryphodontidce,  1386. 

Cosmolepis,  978. 

Cosmoptychius,  gjj. 

Cosoryx,  1345. 

Coi tides,  1006. 

Coitus,  1006. 

Coturtiix,  1234, 

CotylopidcB,  1326. 
Cotylops,  1326. 

Cracid<B,  1233. 

Craspedochelys,  1096. 
Craspedodon,  1160. 
Crassitherium,  131 1. 
Cratceomus,  1163. 
Cremastosaurus,  1139. 
Creodonta,  1449. 
Creosaurus,  1168. 
Cretornis,  1201. 
Cricetodon,  141 8. 
Cricetiis,  141 8. 
Cricodus,  970. 
Cricosaurus,  11 89, 
Cricotus,  1027,  1032. 
Crocidura,  1457. 
CrocodilcBintis,  1184. 
Crocodilia,  11 80. 
Crocodilidce,  1192. 
Crocodilus,  1195. 
Crocuia,  1442. 
Crossognathus,  995. 
Crossopholis,  975. 
Crossopterygea,  968. 
Crossopus,  1457. 
CrotalidcB,  1148. 
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Cryptobranchus,  1041. 

Cryptodira,  iioi. 

Cryptodraco,  11 59. 

Cryptomeryx,  1332. 

Cryptoprocta,  1440. 

Cryptornis,  1242. 

Cryptosaurus,  1159. 

Crypturi,  1231. 

Crypturus,  1232. 

Ctenacanthus,  968. 

Ctenacodon,  1267. 

Ctenodactylus ,  1415. 

Ctenodus,  956. 

Ctenomys,  1415. 

Ctenoptycliius,  930. 

Cumnoria,  1159. 

Cnniculus ,  1417. 

Cyamodtis,  1066. 

Cyathaspis,  960. 

Cybium,  looj. 

Cyclanorbis,  iiij. 

Cyclobatis,  937. 

Cycloderma,  1117. 

Cyclopidius,  1327. 

Cyclopoma,  1013, 

Cycloptychius,  978. 

Cyclostomi,  923. 

Cyclotosaurus,  1036. 

Cycloturus,  1295. 

Cyclurus,  991,  1001. 

Cycnorhamphus,  1201. 

Cygnus,  1236. 

Cyncslurus,  1447. 
Cynocephalus,  1470. 
Cynochampsa,  1059,  1569. 
Cynodictis,  1436. 
Cynodon,  1436. 
Cynodontomys ,  1467. 
Cynodraco,  1059,  1569' 
CynohycBnodon,  1452. 
Cynomys,  1420. 
Cynonasua,  1429. 
Cynosuchus,  1059,  1569. 
Cj/ore,  1435. 
Cyprinidce,  1000. 
Cyprinodoji,  1000. 
CyprinodontidcB,  1000. 
Cyprinus,  1000. 
Cypselidce,  1242. 
Cypselus,  1242. 
Cyrtonodus,  940. 
Cystignathida,^  1044. 
Cystophora,  1423. 
CyttidcB,  1007. 
Cyttoides,  1007. 

Dacochelys,  1100. 
Dacosaurus,  1189. 
Dacrytherium,  1330. 
Dactylethndce,^  I043' 
Dactylodus,  930. 
Dactylolepis,  986. 
DactylopteridcE,  1006. 
Dactylopterus ,  icx56. 


1  =  Leptodactylidce.    See  Corrigenda. 


2  =  Xenopodidoc.    See  Corrigenda. 
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Dactylosaurus,  1073. 
Dcedicurus,  1294. 
Dceodon,  1376. 
Dainonia,  1108. 
Dapediidce ,  981. 
Dapedius,  982. 
Dapedoglossus,  999. 
Daphcemis,  1435. 
Daptinus,  999. 
Dasomis,  1229. 
Dasyceps,  1034. 
Dasypodidce,  1291. 
Dasypotherium,  1292. 
Dasyprocta,  1414. 
DasyproctidcB,  1414. 
Dasypus,  1292. 
DasyuridcB,  1278. 
Dasyurodon,  1453. 
Dasytirus, 
Dawsonia,  1024. 
Decticadapis,  1421. 
Decticus,  1418. 
Delphinapterus,  1307. 
Delphinidis,  1307. 
Delphinus,  1307. 
Deltatherium,  1453. 
Deltodus,  940. 
Delta ptychius,  940. 
DendrerpetidcB,  1032. 
Dendrocygna,  1236. 
Dendrodus ,  969. 
Dendrohyrax,  1383. 
Dendrolagus,  1286. 
Dendroptychius,  971. 
Deomys,  141 8. 
DercetidcB,  997. 
Derceiis,  997. 
Dermatemydida,  1 106. 
Dermatemys,  1106. 
DermochelyidcE ,  1090. 
Dermochelys,  1091. 
Dermodactylus,  1201. 
Desmatotherium,  1355. 
Desmotylus,  1310. 
Deuterosaurus ,  1061,  1570. 
Diacodexis,  1382. 
Diadecies,  1061. 
DiadectidcE,  1061,  1570. 
Diadetognathus ,  1037. 
Diadomus ,  1290. 
Diadophorus,  1359. 
Diatrema,  1229, 
Dibelodon,  1395. 
Dicentrodus,  928. 
Diceratherium,  1368. 
Dichobimus,  1331. 
Dichodon,  1332. 
Dichodontidce ,  1332. 
Diclitodus ,  941. 
Diclonius,  1154. 
Diconodon,  1374. 
Dicotyles,  1322. 
DicotylidcE,  1318. 
Dicrenodus,  928. 
Dicroceros,  1338. 
Dicrocynodon,  1277. 


Dictyodus,  1007. 
Dictyopyge,  982. 
Dicynodon,  1063. 
Dicynodontia,  1062. 
DicynodontidcB,  1063. 
Didelphodon,  izjj. 
Didelphodus,  1453. 
Didelphops,  1277. 
DidelphyidcB,  1280. 
Didelphys,  1280. 
Dididm,  1235. 
Didus,  1235. 
Didymaspis,  961. 
Didymictis,  1437. 
Didyinodoti,  1331. 
Didymodus,  926. 
Digerrhu7n,  1092. 
Dilobodon,  1377. 
Dilophodon,  1356. 
Dilotherium,  1331. 
Dimetrodon,  1059. 
Dimorphodon,  1204. 
DimylidcB,  1457. 
Dimylus,  1457. 
Dinichthyidce,  965. 
Dinichthys,  965. 
Dinictis,  1444. 
Dinoceras,  1388. 
Dinocerata,  1387. 
Dinocyon,  1434. 
Dinodocus,  1179. 
Dinophis,  1148. 
Dinornis,  1226. 
DinornithidcB ,  1226. 
Dinosauria,  1151. 
DinotJieriidm,  1393. 
Dinotherium,  1393. 
Diohroticus,  1419. 
Diodoti,  1015. 
DiodontidcB,  1015. 
Diomedia,  1239. 
Diopecephalus,  1200. 
Dioplotherium,  131T. 
Diphrissa,  951. 
Diplacanthus,  966. 
Diplacodon,  1374. 
Diplacodus,  940. 
Diplarthra,  1312,  1313. 
Diplobune,  1328. 
Diplocynodon,  119S1  1277. 
DtplodocidcB,  1 176. 
Diplodocus,  1 176. 
Diplodus,  926. 
Diplognathus,  665. 
Dtplomystus,  996. 
Dtplopterus,  971. 
Diplopus,  1325. 
DiplospondylidcB,  1027. 
Diplospoiidylus,  1027,  1032. 
Diploverlcbron,  1027. 
Diplurus,  973. 
Dipnoi,  952. 
Dtpodidm,  1416. 
Dipoides,  141 6. 
Dipriodon,  1268. 
Dipristis,  951. 
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Diprotodon,  1283. 
Diproiodontia,  1281. 
Diprotodontidce,  1283. 
DipteridcB,  956. 
Diptenis,  956. 
Diracodon,  1163. 
Discoglossidm,  1043. 
Discosaurus,  1031,  1077. 
Dissacus,  1453. 
Dithyrosternum,  1105. 
Docodon,  1277. 
Dolichipterus,  1233. 
DolichosauridcB,  1142. 
Dolichosaurus,  1142. 
DoHckoso?na,  1024. 
Dolichosomatid(B,  1024. 
Dolichotis,  1413. 
Doliochcerus,  1321. 
Domnina,  1463. 
Doratorhynchus,  1201. 
Dorcatheritim,  1333. 
Dorycopteri,  991. 
Dorygnathus,  1203. 
DoiypteridcB,  991. 
Dorypterus,  991. 
Dracanosaurns,  1142. 
Dremotherium,  1330. 
Drepanodon,  1449. 
Drepanophorus ,  943. 
DromcBiis,  1228. 
DromatheriidcB,  i2-j2. 
Dromatherium,  1272. 
Dromocyon,  14^7,  1453. 
Dromomis,  1228. 
Dry 0  testes,  1276. 
Dtyopiihectis,  1470. 
Ductor,  1009. 
Dutes,  1013. 
Dupticidentata,  1412. 
Dynatobatis ,  934. 
Dyscamis,  1154. 
Dysopes,  1462. 
DystrophcBus,  1163. 

Ecaudata,  1042. 
Echeneis,  1007. 
Echidna,  1148,  1266. 
EctiidnidcB,  1266. 
Echinodon,  1148. 
Ec/iinogate,  1458. 
Echinomys,  1415. 
Echinorhinus ,  929. 
Ectacodon,  1387. 
Ectoconus,  1380. 
Ectocynodon,  1056. 
Ectosteor/iachis,  972. 
Edaphodoti,  951. 
Edaphosaunis ,  1056, 
Edentata,  1289. 
Edestosaurus,  1143. 
Edestus,  g^-j. 
Egertonia,  1004. 
Elachoceros,  1388. 
Elaphis,  1 146. 
Etapidce,  1148. 
Etaps,  1 148. 


Elasmobranchei,  923. 
Elasmodectes,  950. 
Elasmodus,  951. 
Elasmognat/ius,  950,  1354. 
Elasmosaurus ,  loyy. 
Elasmotheriuvi,  lyji. 
Elephantidce ,  1394. 
Elephas,  1401. 
Eteutherocercus,  1294. 
Elonichthys,  978. 
Elopides,  996. 
Elopopsis,  996. 
Elops,  996. 
Elorius,  1233. 
Elornis,  1238. 
Elotherium,  1323. 
Elseya,  iioo. 
Emballonuridce,  1462. 
Embolophorus,  1056,  1570. 
Emtrienodon,  1395. 
Empedias,  1061,  1062,  1570. 
Empedocles,  1062. 
Empo,  998. 
Emyda,  11 17. 
Emydosauria,  1180. 
Emydura,  iioo. 
Emys,  1 108. 
Enaliochelys,  1103. 
Enaliornis,  1229. 
Enaliosuchus,  11 89. 
EnchodontidcB ,  997. 
Enchodus,  998. 
Endactis,  989. 
Endothiodon,  1064. 
Endothiodontidce,  1064. 
Engraulis,  995. 
Enhydra,  1427. 
Enhydriodon,  1427. 
Enhydrocyon,  1433. 
Enneodon,  1015,  1277, 
Entelodon,  1323. 
Entomacodon ,  1459. 
Ento7nodon,  1459. 
Entoptyclius ,  1416. 
Eobasileus,  1388. 
Eohippus,  1356. 
Eoviys,  1419. 
Eosaurus,  1037. 
Eosphargis,  1090. 
Eotherium,  1311. 
Ephippus,  1013. 
Epibtema,  1415. 
Epicampodon,  1167. 
Epihippus,  1358. 
Episcoposaurus,  11 84, 
Eporeodon,  1327. 
Equidcs,  1359. 
Equula,  1010. 
Equus,  1363. 
Eretmosaurus,  1077. 
Erinaceidm,  1455. 
Erinaceus,  1455. 
Erisichthe,  996. 
Erismatopterus,  1014. 
Eritfiizon,  1415. 
Erquelinnesia,  11 13. 
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Erycida,  1147. 
EryopidcB,  1029. 
Eryops,  1032. 
Erythromachus,  1233. 
Eryx,  1 147. 
Eschatius,  1335. 
EsocidcB,  1000. 

1000. 
Esthonyx,  1409. 
Euaca/ithus,  947. 
Eucastor,  1419. 
Eucercosaunis,  1161. 
Eucetus,  1305. 
Euchirosaums,  1031. 
Euclastes,  1113. 
Eucrotaphus,  1327. 
Eugnathida,  986. 
Eugnathus,  986. 
Eumeces,  1141. 
Evmylodus,  951. 
Eumys,  1418. 
Eupetaurus,  1420. 
Eupodornithes,  1232. 
Eupterornis,  1230. 
Eurhinodelphis,  1307. 
Eurosaurus,  1061. 
Euryapteryx,  1226. 
Eurycarpus,  1064. 
Eurycormus,  989. 
Eurygnathus,  998. 
Eurylepis,  978. 
Eurynotus,  979. 
Eurypholis,  998. 
Eurysomus,  979. 
EurystemidiE,  1102. 
Eury sternum,  1103. 
Eurytherium,  1328. 
Euryurus,  1294. 
Euscelesaurus,  1161. 
Ettscelidosaurus,  1161. 
Eusemius,  987. 
Eusmilus,  1449. 
Eusthenopteron,  970. 
Eusuchia,  11 85. 
Eutatus,  1292. 
Euthacanthus ,  967. 
Eutheria,  1289. 
Euthynotus,  989. 
Exocatoides,  1000. 
Exoccetus,  1000. 
Exostinus,  1140. 

Falco,  1240. 
FalconidcB,  1249. 
Felida,  1443. 
1447. 

Felsinotherium,  1310. 
Fiber,  1417. 
Fissodus,  929. 
Fistidaria,  1005. 
Fishilariidts ,  1005. 
Francolinus,  1234. 
FregatidcB,  1239. 
Fregilopus,  1242. 
Fringillidce,  1242. 
Fulica,  1233. 


Bulicarice,  1233. 
Fuligula,  1236. 

Gadidcs,  1003. 
Gadus,  1003. 
Galago,  1467. 
Galecynus,  1437. 
Galeocerdo,  946. 
Galeopithecus,  I4SS- 
Galesauridce,  1058,  1569. 
Galesaurus,  1058,  1569. 
Galethylax,  1453. 
Galictis,  1429. 
GallincB,  1233. 
Gallinula,  1233. 
Gallvs,  1234. 
Ganocephala,  1021. 
Ganodus,  951. 
Ganoidei,  958. 
Ganorhynchits,  957. 
Garialis,  1193. 
Garialosuchus ,  1193. 
Gastomis,  1228. 
Gastorniihes,  I'Z'iSi. 
Gastornithidm ,  1228. 
Gastrocnemus,  1007. 
Gaudrya,  1031. 
GavicB,  1232. 
Gazella,  1348. 
Geolabis,  1459. 
Gelocus,  1332. 
Gennetotheria,  1060. 
Geomyidm,  1416. 
Geomys,  1416. 
Geosaurus,  1189. 
Geotrypiis,  1458. 
Gerbillus,  141 8. 
Gigantichthys ,  999. 
Gigantosaurus ,  1176. 
Ginglyrnostoma,  943. 
Giraffa,  1343. 
GiraffidcB,  1343. 
Glaridodon,  1061,  1569. 
Globice.phalus,  1307. 
Glossochelys,  1113. 
Glossodus,  930. 
Glyptocepkalus,  1015. 
Glyftodon,  1294. 
Glyptodoniidce,  1292. 
Glyptognathus,  1037. 
Glyptolcemus,  972. 
Glyptolepis,  969. 
Glyptopomus,  972. 
Glyptosauridm,  1140. 
Glyptosaurus,  1141. 
Gnathorhiza,  957. 
Gnathosaurus,  1189. 
Gobiidce,  1006. 
Gobio,  1000. 
Gobiiis,  1006. 
Gomphotheruim,  1334. 
Gonatodns,  978. 
Gondwanosaurus,  1032. 
Gonioglyptus,  1036. 
Goniognathus ,  1007. 
Goniopholididcs,  1189. 
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OoniophoHs,  1191. 
Gotiiopoda,  1151. 
Gonorhynchida ,  999. 
Gonorhynchus,  999. 
Gorgonops,  1059,  1569. 
Goura,  1234. 
Graculavus,  1229. 
Graculus ,  1238. 
Graphiurus,  973. 
Gniid(s,  1233'. 
Grus,  1233. 
Gryphoca,  1423. 
Grypotherium,  1298,  1299. 
Gulo,  1429. 
Gymnodontes,  1015. 
Gymnoptychus,  1420,  1421. 
Gymnura,  1456. 
Gyparchus,  1239. 
Gypsornis,  1233. 
Gyracanthus,  947. 
Gyrodus,  985. 
Gyrolepis,  978. 
Gyroplextrodus,  943. 
Gyroptychius,  970. 
Gyrosteus,  976. 

Hadrianus,  1109. 
Hadrosaurns,  1153. 
Hcsmatosaurus,  1082. 
Hainosaurus,  1144. 
Halcyornis,  1242. 
Halec,  994,  996. 
Halecida,  994. 
Haliaetus,  1240. 
Halianassa,  1310. 
Halichcerus,  1423. 
Halicore,  1309. 
Halicoridm,  1309. 
HalitheriidcB,  1310. 
Halithej-ium,  1310. 
Hallopus,  1170. 
Halodon,  1268. 
Hapale,  1469. 
Hapalemw,  1466. 
Hapalidce,  1468. 
Hapalotis,  1418. 
Haplacodon,  1372. 
Haploconus,  1380. 
Haplodontotherium,  1377. 
Haplogale,  1445. 
Haptodus,  1 131. 
Hardella,  1107. 
Harpagornis,  1240. 
Hatteria,  1136. 
Helagrus,  1146. 
Helaletes,  1355. 
Helemys,  1093. 
Heliarchon,  1041. 
Heliastes,  1004. 
Helicoceros,  1347. 
Helicophora,  1347. 
Heliodus,  957. 
Heliscoviys,  1419. 
Helladotherium,  1344. 
Helochelys,  1093. 
Helodectes,  1062,  1570. 


Helodopsis,  940. 

Helodus,  939. 

Hemiauchenia,  1335. 

Hemicaulodon,  1311, 

Hemichelys,  iioi. 

Hemichcerus,  1323. 

Hemielopopsis,  996. 

Hemiganus,  1453. 

Hemilopus,  986. 

Hemimeryx,  1326. 

Hemipristis,  946. 

Heinipsalodon,  1452. 

Hemirhynchus,  loio. 

Hemisaurida,  1001. 

Hemithlceus,  1380. 

Hemithyisites,  loio. 

Hemitrichias,  996. 

Heptanchus,  938. 

Heptanema,  973. 

Neptodon,  1356. 

Herodiones,  1238. 

Herpestes,  1438. 

Herpetocetns,  1304, 

Herpetotherium,  1458. 

Hesperomys,  1418. 

Hesperomis,  1224. 

Heteroborus,  1453. 

Heterobranchus,  1002. 

Heterocetus,  1304. 

Heterohyus,  1456. 
Heterolepidotus,  982. 
Heteromys,  1416. 
Heterostrophus,  982. 
Heterosuchus,  1191. 
Heterotis,  999. 
Hexanchus,  938. 
Hexapsephus,  looi. 
Hexodon,  1380. 
Himantopus,  1233. 
Hipparion,  1360. 
Hippidium,  1361. 
Hippocampus,  1014. 
Hippodactylus,  1361. 
Hippohyus,  1321. 
HippopotamidcB,  1316. 
Hippopotamus,  1316. 
Hippotherium,  1360. 
Hippotragus,  1348. 
Himndo,  1242. 
Histionotus ,  987. 
Histiophorus,  loio. 
Holacanthus,  1013. 
Holaspis,  961. 
Holocenirum,  roir. 
Holodus,  957. 
Holomeniscus,  1335. 
Holophagus,  lyj^. 
Holops,  1 193. 
Holopiychitdce,  968. 
Holoptychius,  968. 
Holosteus,  1000. 
Holurns,  978. 
Homacanthus,  968. 
Hommolepis,  983. 
Homceosauria,  1136. 
Homeeosauridcs,  1136. 
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Hotnalodontotherium,  1366, 
Hominida:,  1470. 
Homo,  1470. 
Homocamelus,  1335. 
Homonotus,  loii. 
Homopus,  1 109. 
Homorophus,  1106. 
Hoplocetus,  1305. 
Hoplophoneus,  1446. 
Hoploplionis,  1293. 
HoplopleuridcB,  997. 
Hoplopteryx,  loii. 
Hoplosaurus,  1175. 
Hycena,  1441. 
Hycmarctus,  1432. 
Hycenictis,  1441. 
HycEnidce,  1440. 
Hyanocyon,  1433. 
Hycenodon,  1450. 
Hycsnodo?itid(B,  1450. 
Hybocladodus ,  928. 
HybodontidcB,  940. 
Hybodus,  941. 
Hydaspitherium,  1344. 
Hydraspis,  iioo. 
Hydrochcerus,  1414. 
Hydromys,  1417. 
Hydropelta,  1098. 
Hydroj-nis,  1232. 
Hydrosaurus ,  1139. 
Hyl<EobatrachidcE ,  1040. 
Hylceobatrachus,  1040. 
Hylcsochampsa,  1191. 
Hylceochelys,  1097. 
Hylceosaurus,  1160. 
Hylerpeton,  1024. 
Hylobates,  1470. 
Hylonomus,  1027. 
Hyloplesion,  1027. 
Hyloplesionida,  1027. 
Hyodectes,  1453. 
Hyohippus,  1359. 
Hyomoschus,  1333. 
Hyopotamus ,  1325. 
HyopsodontidcB,  1465. 
Hyopsodiis,  1465. 
Hyotherium,  1321. 
Hypamia,  991. 
Hyperodapedon,  1134. 
Hyperdodon,  1306. 
Hypertragulus,  1334. 
Hyphasma,  1026. 
Hyporyssus,  1458. 
Hyposaurus ,  1190. 
Hypsicur7nus,  989. 
Hypsilophodon,  1159. 
Hypsiprymnodoti,  1286. 
Hypsiprymnopsis,  1270. 
Hypsipiymmcs,  1286. 
Hypsodon,  998. 
Hyrachyus,  1355. 
HyracidcE,  1383. 
Hyracodon,  1364. 
Hyracodontotheritim,  1382. 
Hyracoidea,  1382. 


Hyracotherium,  1356. 
Hyrax,  1383. 
Hystricidcs,  1415. 
Hystrix,  1415. 
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Ichthyacanthus,  1032. 
Ichthyodectes,  998. 
Ichtliyodorulites,  947. 
Ichthyopsida,  911. 
Ichthyopterygia,  1120. 
Ichtliyornis,  1231. 
Ichthyomithidce,  1231. 
Ichthyosauridcs,  1124. 
Ichthyosaurus,  1124. 
Ichthyotomi,  926. 
Icticyon,  1436. 
Ictitherium,  1439. 
Ictonyx,  1428. 
Ictops,  1459. 
Iciopsidcs,  1459. 
Idiocetus,  1304; 
Idiochelys,  1098. 
Iguana,  1140. 
Iguanidce,  1140. 
Iguanodo7i,  11^7. 
IguanodontidcB,  1154. 
Immanes,  \'2'2(>. 
Imogaster,  1005. 
Impennes,  1232. 
/^ia,  1306. 
Insectivora,  1454. 
Interatherium,  t.'^tj. 
Ischyodus,  950. 
Ischypterus,  982. 
Ischyrocephalus ,  998. 
Ischyrodon,  1080. 
I schyromyidcB ,  1420. 
Ischyromys,  1420. 
Ischyrosaurus ,  1176. 
Ischnacanthus,  967. 
Isectolophus,  1355. 
Isocetus,  1304. 
Isocolum,  989. 
Isopholis,  987. 
Isotcsnia,  951. 
Isselosaurus,  1196. 
Issiodoromys,  1413. 
Istiaus,  1000. 
Isurus,  1007. 
Ixacanthus,  1308. 

Jaculus,  1416. 
Janassa,  929. 

Kachtiga,  xtoy. 
Kurtodon,  1277. 

Labrax,  1013. 
LabridcB,  1004. 
Labrus,  1004. 
Labyrinthodon,  1037. 
Labyrinthodontia,  102 
Lacerta,  1142. 
LaceriidtB,  1142. 
Lacertilia,  1138. 
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Lagenorhynchus,  1307. 
Lagomyida,  1413. 
Lagomys,  1413. 
Lagopus,  1234. 
Lagostomus,  1414. 
Lambdodtis,  928. 
Lambdotheriida,  1371. 
Lambdotherium,  1371. 
Lamna,  944. 
LamnidcE,  944. 
LaniidcB,  1242. 
Lanius,  1242. 
Lantanotherium,  1455. 
Laodon,  1276. 
Laophis,  1148. 
Laopithecus,  1468. 
Laopteryx,  1219,  1229. 
Laornis,  1229. 
Laosaurus,  1159. 
LaridcB,  1232. 
Lariosauridcs,  1073. 
Lariosaurus,  loy^. 
Larus,  1232. 
Lates,  1013. 
Latonia,  1044,  xi. 
Lebias,  1000. 
Lecracanthus,  965. 
Leedsia,  1569. 
Leedsichthys,  1569. 
Legnonotus,  987. 
Lemmus,  1417. 
Lemuravus,  1468. 
LemuridcB,  1466. 
Lemuroidea,  1464. 
Lepidocottus,  1007. 
Lepidolemur,  1466. 
Lepidopus,  loio. 
Lepidosiren,  953. 
Lepidosirenidce,  953. 
Lepidosteidce,  988. 
Lepidosteoidea,  980. 
Lepidosteus,  988. 
LepidotidcB,  986. 
Lepidotus,  986. 
Leporidm,  1412. 
Lepospondyli,  1023. 
Leptacanthus ,  951. 
Leptarctus,  1429. 
Leptauchenia,  1327. 
Lepterpeton,  1025. 
Lepthycsna,  1441. 
LeptictidcB,  1459. 
Leptictis,  1459. 
Leptobos,  1350. 
Leptocephali,  1002. 
Leptochxrus,  1323. 
Leptocladus,  1276. 
Leptodactylus,  1044. 
Leptodon,  1373. 
Leptolepididce,  990. 
Leptolepis,  990. 
Leptomeryx,  1333. 
Leptomylus,  951. 
Leptoptilus,  1238. 


Leptosoma,  1242. 
Leptosomatidcs,  1242. 
Leptosomus,  995. 
Leptotrachelus ,  ggy. 
Leptolragulus ,  1334. 
Lepus,  1412. 
Lestodon,  1298,  1299. 
Lestophis,  1147. 
Lestornis,  1225. 
Lestosaurus,  1144. 
Leuciscus,  1000. 
Liasis,  1147. 
Z,%j,  974., 
Licaphrium,  1359. 
Lichia,  loio. 
Limicola,  12^2. 
JLimnaiornis ,  1242. 
Limnerpetida,  1026. 
Limnerpeton,  1026. 
Limnocyon,  1437. 
Limnohyus}  iyj2. 
Limnophis,  1147. 
Limnotherium,  1466. 
Limosa,  1232. 
Liodesmus,  989. 
Liodon,  1144. 
Liognathus,  965. 
Liopleurodon,  1080. 
Liotomus,  1268. 
Lissolepis,  978. 
Listriodon,  1319. 
Listriodontida,  1318. 
Lithophis,  1147. 
Lithornis,  1239. 
Loncheres,  1415. 
Lophacanthus,  947. 
Lophiochcerus,  1319. 
Lophiodon,  1355. 
LophiodontidcB,  1354- 
Lophiomeryx,  1332. 
Lopkiostomiis,  987. 
Lophiotherium,  1357. 
Lophiurus,  991. 
Lophobranchii,  1014. 
Lophocetus,  1308. 
Lophopsiitacus,  1241. 
Loxia,  1242. 
Loxolophodon,  1388. 
Loxonuna,  1033. 
LoxommatincB,  1033. 
Loxomylus,  1415. 
Lutkesaurus,  1079. 
Lutra,  1427. 
Lutremys,  1108. 
Lutrictis,  1427. 
Lycaon,  1436. 
Lychyosna,  1441. 
Lycorus,  1435. 
Lycosaurus,  1058. 
Lysorophus,  1060. 
Lytoloma,  11 13. 

Macacus,  1469. 
Macellodus,  1139. 
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Macellognathus,  1089. 
Machteracaiithus,  947. 
Machcerodus,  1449. 
Machimosaurus,  1187. 
Macrauchenia,  1376. 
Macraucheniidce,  1376. 
Macroclem  mys ,  1105. 
Macromerion,  1035. 
Macromerosaurus,  1073. 
Macrones,  1002. 
Macropetalichthys,  97s- 
Macropodidce,  1285. 
Macropoma,  974. 
Macropus,  1286. 
Macrorhipis,  989. 
Macrorhynchus,  1190. 
Macromis,  1230. 
Macrosemius,  987. 
Macrotherittm,  1373. 
Macriirosaurus,  1179- 
Malloius,  994. 
Mammalia,  1245. 
ManatidcE,  1311. 
Manatiis,  131 1. 
Manidx,  1291. 
Manis,  1291. 
Manteodon,  1387. 
Manuria,  mo. 
Marsupialia,  1272. 
Massospondylus,  1166. 
Mastacomys,  1418. 
Mastodon,  1395. 
Mastodonsauridce,  1035. 
Mastodonsaurus,  1036. 
Mauisaurus,  1077. 
Megacerops,  1374. 
Megadactyhis,  1166,  1170. 
Megalania,  1142. 
Megalapteryx ,  1225. 
Megalichlkys,  970,  972. 
Megalobatrachiis ,  1041. 
Megalochnus,  1299. 
Megalonyx,  1299. 
Megalops,  995. 
Megalornis,  1229. 
Megalosaurida,  it&j. 
Megalosaurus ,  1167. 
Megaloiherium,  1295. 
Megalotriton,  1041. 
Megalurus,  991. 
Megamys,  1414. 
Megapleuron,  955. 
Megapodidce,  1233. 
Megaptera,  1303. 
Megasternum,  1092. 
Megatheriidce,  1295. 
Megatherium,  1295. 
Megistanes,  1127. 
Melanerpeton,  1024. 
Meleagris,  1234. 
Meles,  1428. 
Melitosaurus,  1193. 
Mellivora,  1428. 
Mellivorodon,  1428. 
MelosauridcB,  1029. 
Melosaurus,  1031. 


Melursus,  1431. 
Menacodon,  1277. 
Menaspis,  965. 
Mene,  1007. 
Meniscoessus,  1268. 
Meniscomys,  1421. 
MeniscotheriidcB,  1382. 
Meniscotkerium,  1382. 
Menobranchus,  1041. 
Menodon,  1374. 
MenodontidcB,  1374. 
Menodus,  1374. 
Menopoma,  1041. 
Menops,  1374. 
Mephitis,  1428. 
Mergus,  1237. 
Merlucius,  1003. 
Merychippus,  1360. 
Merychyus,  j^'^j. 
Merycochasrus,  1327. 
MerycopotamidcB,  1325. 
Merycopota7nus,  1326. 
Mesacanthus,  966. 
Mesembryomis,  1229. 
Mesitia,  944. 
Mesocetus,  1304. 
Mesodectes,  1459. 
Mesodon,  985. 
Mesogaster,  1006. 
Mesohippus,  1358. 
Mesolepis,  979. 
Mesolophodus ,  930. 
Mesonychidcs,  1453. 
Mesonyx,  1453. 
Mesopithems,  1470. 
Mesoplodon,  1306. 
Mesorhinus,  1376. 
MesosauridcB,  1070. 
Mesosaurus,  1070. 
Mesotaria,  1423. 
Mesotherium,  1378. 
Mesturus,  985. 
Metalophodon,  1386. 
Metamynodon,  1365. 
Metarctus,  1433. 
Metarinosaurus,  ro5i. 
Metatheria,  1270. 
Metopacanthus,  951. 
Metopias,  1037. 
Metriorhynchus ,  1 188. 
Metriotherium,  1329. 
Miacidce,  1437. 
Miacis,  1437. 
Microbiotherium,  1268. 
MicrobrachidcB ,  1027. 
Microbrachis,  1027. 
Microbrachius ,  963. 
Microcavia,  14:3. 
Microcha2ridcB ,  1456. 
Microchcerus,  1456. 
Microconodon,  izy^- 
Micivdon,  985. 
Microlepidoti,  989. 
Microlestes,  1270. 
Micromeryx,  1338. 
Micronodus,  978. 
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Microsauria,  1025. 

Microsyops,  1465. 

Microtherium,  133:. 

Microtus,  1417. 

Milvtis,  1240. 

Mioclcenus,  1453. 

Miohipptis,  1359. 

Miolania,  iioo. 

Miolaniidce ,  iioo. 

Miolophus,  1409. 

Mionornis,  1226. 

Mioplosus,  1013. 
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Mixtotherium,  1329. 

Mochlodon,  1160. 
Molge,  1041. 
MolgophidcB,  1024. 
Molgophis,  1024. 
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Psephodus,  934. 

Psephophorus,  1091. 

Psephurus,  975. 

PseudcBhirus,  144s- 

Pseudamphicyon,  1434. 

Pseudoberyx,  loii. 

Pseudochirus,  1285. 

Pseiidocyon,  1433. 

Pseudoeliginus,  1007. 

Pseudolestodon,  1298. 

Pseudopterodon,  1451. 

Pseudopus,  1 140. 

Pseudorca,  1307. 

Pseudorhiiiolophus,  1461. 

Pseudosciurus,  1421. 

Pseudotomus,  1420. 

Pseudotrionyx,  1 105. 

Pseudotropws,  1002. 

Pseudovovier,  1008. 

Psittaci,  1241. 

Psittacid<B,  1241. 

Psittacotherium,  1409. 

Psittacus,  1241. 

Ptenodraco,  1200. 


Ptenomis,  1230. 
Pteranodon,  1199. 
Pteranodontia,  1198. 
Pteranodontidce,  1 199. 
Pteraspididcs,  960. 
Pteraspis,  960. 
Pterichthys,  962. 
Pterocles,  1234. 
Pteroclidce,  1234. 
pterodactylidce,  1199. 
Pterodactylus,  1200. 
Pterodon,  1451- 
Pteroplax,  1037. 
Pteropodidcs,  1460. 
Pterosatiria,  1199. 
Pterycollasaurus,  1145. 
Pterygocephaliis ,  ioo5. 

Pterygopteriis,  987. 

Ptilodus,  1267. 

Ptyas,  1146. 

Ptychodus,  936. 

Ptychogaster,  1109. 

Ptychognathus,  1063. 

Ptycholepis,  987. 

Ptyc/iosiagum,  1063. 

Ptyctodns,  952. 

Ptyoniidcs,  1025. 

Ptyonius,  1026. 

Ptyonodtis,  957. 

Puffinus,  1232. 

Pugmeodo?i,  1310. 

Puppigerus,  1113. 

Pictorius,  1428. 

Pycnodontidce,  983. 

Pycnodtis,  984. 

Pycnosterinx ,  1005. 

Pygmis,  1014. 

Pygopudes,  1232. 

Pygoptenis,  978. 

Pytho?i,  1 147. 

PythonidcB,  1146. 

Pythonoviorpha,  114  3. 

Pyxis,  1109. 

Quercitherium,  1453. 

i?az(r,  933. 
Raiida,  933. 
Rallid(S,  1233. 
Ralhis,  1233. 
Rana,  1044. 
Ranavus,  1044. 
Rangifer,  1341. 
RanidcE,  1044. 
Raphiosatirus,  1139. 
Ratitce,  1222. 
Regnosaurus,  1161. 

Remiornis,  1230. 

Reptilia,  1046. 

Rhabdolepis,  977. 

Rhabdosteus,  1308. 

Rhacheosaurus ,  1189. 

Rhacolepis,  996. 

Rhadhiacanthus ,  976. 

Rhadinichthys,  978. 

Rhagatlierium,  1330. 
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Rhamp}iocephalHS,  1203. 

RhaniphorhyiichideB,  1201 

hha  mphorhynchus,  1 202. 

I^hamphosuckus,  1193. 

Khamphosns,  1005. 

•^-^^a,  1228. 

Rhece,  1228. 

jRheidcB,  1228. 

Rhina,  931. 

Rhineastes,  1002. 

Rhinellus,  995. 

Rhinobatidce,  933. 

Rhiiwbatus,  933. 

Rkinoceros,  1366. 

RkinocerotidcB,  1364. 

Rhinockelys,  1098. 

Rhinognathus,  945. 

Rhinolophidcs,  1461. 
Rhinolophus,  1461. 
Rhinoptera,  936. 
Rhinosaicrus,  1033,  ii44- 
Rhiptoglossa,  1142. 
RhizodontidcB,  969. 
Rhizodopsis,  971. 
Rhizodus,  970. 
Rhizo7tiys,  1416.  ■ 
Rhizoprion,  1307. 
Rhodeus,  1000. 
Rhomaleosaicrus,  1079. 
RhombodipteridcE ,  971. 
Rhojnboptychius,  971. 
Rhombus,  1004. 
Rhopalodon,  io6r. 
Rliynchocephalia,  1131. 
Rhynchodes,  952. 
Rhy?ichod.ontid(s,  987. 
Rhynchorhinus,  1002. 
RhynchosauridcB,  1134. 
Rhynchosaurus,  1135. 
Rhynchotus,  1232. 
Rhyiidosteus,  1032. 
Rhytina,  1311. 
RkytinidcB,  1311. 
Rliytiodus,  1311. 
Ribodon,  1356. 
Ricnodoti,  1027. 
Rita,  IO02. 
Rodentia,  1411. 
Rupicapra,  1348. 

Saiga,  1347. 
Salamandra,  1041. 
SalamandridcB,  1041, 
Salmonidce,  994. 
Samotherium,  1345. 
Sandalodus,  939. 
Sartitherium,  1321. 
Saniva,  1141. 
Sapheosauriis,  ii^y. 
Sarcophilus,  1279. 
Sarcothraustes,  1453. 
Sardinius,  994. 
Sardinoides ,  994. 
Sargodon,  986,  1013. 
Sargus,  1012. 
Sauranodon,  1127. 
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Saurichtliys,  988. 
SauridcB,  981. 
Saitrillus,  1139. 
Saurischia,  1151. 
SaurocephalidcB,  998. 

Sanrocephalus,  998. 

Saurodon,  999. 

Saurodontida:,  986,  998. 

Sauropleu?-a,  1026. 

Sauropoda,  1170. 

Sauropsidm,  1046. 

Sauropsis,  989. 

Sauropterygia,  1067. 

Saurorhamphus,  997. 

Saurosternum,  1137. 

Sau7-urcs,  1221. 

Saurus,  looi. 

Scaldicetus,  1305. 

Scalibrinitherium,  1376. 

Scaloposaurus,  1059. 

Scapajiorhynchus,  945. 

Scaphaspis,  960. 

Scaphirhynchus,  975. 

ScapJiognathus,  1202. 

Scaptophis,  1147. 

Scatophagus,  1013. 

Scelidosaurida,  1160. 

Scelidosaicrtis,  1160. 

Scelidoiherium,  izgS. 

Sceparnodon,  1282. 

Schistopleurum,  1294. 

Schizodelphis,  1306. 

ScicEnicrus,  1014. 
Scincidcs,  1142. 

Seine  us,  1 142. 

Scii4ravus,  1420. 
Seiuridce,  1420. 
Sciurodon,  1421. 
Sciiiroides,  1421. 
Seiuromys,  1420. 
Seiurus,  1421. 
Selerodenni,  1015. 
Selerorhynehns,  931. 
Seolopaeidcs,  1232. 
Scolopax,  1233. 
Scomber,  1007. 
Scomberodon,  1007. 
ScombresoeidcB,  1000. 
Scombi-idcB,  1007. 
Seombroclupca,  995. 
Scopelidce,  looi. 
Scorpcena,  1012. 
ScorpiznidcB,  1012. 
SeylliidcB,  943. 
Scylliodus,  943. 
Seyllitim,  943. 
Scymnus,  929. 
Scytalophis,  1147. 
Seelcya,  1027. 
Selache,  946. 
Selacliei,  928. 
Semionotns,  981. 
Semiophorus,  1008. 
Semriopitheeus ,  1470. 
Serpentariidce,  1239. 
Sei'pentarius,  1239. 
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Serranus,  1013. 
Sieboldia,  1041. 
Sigmodus,  969. 
SiluridcB,  looi. 
Simcedosauna,  1133. 
SimcBdosaurus,  1133. 
Simia,  1470. 
Simiidce,  1470. 
Simocyon,  1433. 
Simosaurtis,  1072. 
Simplicidentata,  1413. 
Sifhnms,  1417. 
Stphonostoma,  1014. 
Siredon,  1041. 
Siren,  1041. 
Sirenia,  1308. 
Sirenidcs,  1041. 
Sironectes,  1144. 

1242. 
Sittide,  1242. 
Sivat)ierium,  1344. 
Smerdis,  1013. 
Smilerpetoti,  1027. 
Sinilodon,  1449. 
Smintlms,  1418. 
Solea,  1004. 
Solenacodon ,  1268. 
Solenognathus,  1005. 
Solenorhynchus,  1014. 
Solenostoma,  1014. 
Solenostomatidce,  1014. 
Sorex,  1457. 
Soricida,  1457. 
Soricidens,  1013. 
Spalacidcs,  1416. 
Spalacodon,  1281. 
Sfalacotheriid(Z,  1277. 
Spalacotherium,  1277. 
Spaniodo7i,  995. 
Spanioiheruim,  1331. 
SparidcE,  1012. 
Sparnodus,  1012. 
Sparodus,  1024. 
Spathobatis,  933. 
Spatula,  1237. 
Speothos,  1436. 
Spermophilus,  1420. 
SphcerodontidcB,  986. 
SphcBrodus,  986,  1012. 
Sphczrolepis,  978. 
Sphagebranchus ,  1002. 
Sphageopaa,  951. 
Sphargis,  1091. 
Sphenacanlhus ,  941. 
Sphenocephahis,  loii. 
Sphenodon,  1136. 
SphenodontidcE ,  1136. 
Sphenodontina,  11 34. 
Sphenodus ,  945. 
Sphenolepis,  1000. 
Sphenosaurm ,  1031. 
Sphenospondylus,  1156. 
Sphymna,  1006. 
SphyrmnidcB,  1006. 
Sphyranodus,  1007 
Sphyma,  946. 


Spinacidm,  929. 
Spinax,  929. 
Spondylosaurus,  1080. 
Squalodon,  1306. 
Squalodontidce,  1306. 
Squaloraia,  950. 
Squaloraiidce,  950. 
Squainata,  1137- 
Squamipennes,  1013. 
Squatina,  931. 
Squaimidcs,  930. 
Stagonolepis,  11B4. 
Staurotypus,  1106. 
Stegocephala,  1021. 
Stegochelys,  1098. 
Stegodon,  1395. 
Steganopodcs,  1238. 
Stegosauridce,  1161. 
Stegosamiis,  1161. 
Stemmatodia,  985. 
Ste7ieofiber,  1420. 
Steneosaurus,  1187. 
Sietw,  1308. 
Stenogale,  1445. 
Steiwpelix,  1164. 
Stenoplesictis,  1439. 
Stenostoma,  1012. 
Stenotephamis,  1378. 
Stephanodus,  1012. 
Stereoceros,  1371. 
Stereognathus,  1269. 
Stereorhachis,  1060. 
Stereospondyli,  1027. 
Stereosternum,  1070. 
SternothcBTUs,  1095. 
Sthenurus,  1287. 
Stichacanthus,  965. 
Stratodus,  998. 
Streblodiis,  940. 
Strepsiceros,  1348. 
Strepsodtts,  971. 
Striges,  1240. 
Strigida,  1241. 
Strigilina,  929. 
StringopidcB,  1241. 
Strix,  1241. 
Strobilodus,  989, 
Strophodus,  943. 
Struthio,  1228. 
Strutkiolithics,  1228. 
Struthio7ies ,  Z228. 
Struthionid<B,  1228. 
StrtUhiosawm,  1163. 
Stylacodon,  I2j6. 
Stylemys,  1097,  1109. 
Stylinodon,  1410. 
StylinodontidcB,  1410. 
Stylodon,  1276. 
Stylodontidcs,  981. 
Stypolophus,  1452. 
SturnidcB,  1242. 
Subungulaia,  1312. 
Sucliosaurus,  1190. 
Sicida:,  1318. 
1239. 
1319. 
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SyllcBmns,  1005. 
Syllopkodiis,  1416. 
SymborodoH,  1374. 
Syncetkeres,  141 5. 
Synechodus,  943. 
SyngnathidcB,  1014. 
Syngnathus,  1014. 
Syngonosaurtis,  ir6r. 
Systemodon,  1356. 

Taniura,  ^yj. 

Taligrada,  1385. 

Talpa,  1457. 

Talpavus,  1458. 

TalpidcB,  1457. 

Tamandua,  1295. 

Tamias,  142 1. 

Taniwhasaurus,  1144. 

Tanystrophisus,  1170. 

Taphozous,  1^62. 

Taphrosphys,  1099. 

Tapinocephalida,  1057. 

Tapinocephalus,  1057,  1569. 

Tapiridcs,  1354. 

Tapir  otherium,  1319. 

Tapirulus,  1330. 

Tapirus,  1354. 

Tai-rasiidce,  968. 

Tarrasius,  968. 
Tatusia,  1292. 
Tatu-inicht/iys,^  1004. 
Taxeopoda,  1378. 
Taxotherium,  1451. 
Tectospondyli,  928. 
Teiidcs,  1142. 
Teleidosauriis,  1187 
Teleosatmdce ,  1186. 
Teleosaurus,  ii8j. 
Teleostei,  992. 
Telcostoini,  902. 
Telepholis,  looi. 
Telerpetidcs,  1137. 
Telerpeton,  1137. 
Telmatolestes,  1466. 
Telinatoi-fiis,  1229. 
Tembotherium,  1277. 
Tevmocyon,  1436. 
Temnodontosaiirus,  jci. 
Temnospondyli,  1027. 
Tcracus,  1240. 
Teratosaurus,  1167. 
Testudinata,  1091. 
Testudinidcs,  1107. 
Testudo,  1109. 
Tetrabelodon,  1395. 
Teti-aceros,  1347. 
Tetraconodon,  1323. 
Tetracus,  1457. 
Tetragonolepis,  983. 
Tetrao,  1234. 
Tetraonida:,  1234. 
Tet7-apturus,  1010. 
Tetraselenodon,  1330. 
Tetrastyhis,  1415. 
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Tetrodon,  1015. 

Tctrosphys,  1308. 

riialassejiiys,  1103. 

Tlialassictis,  1439. 

Thalassochelys,  H14. 

Thamnophis,  1146. 

Thaumas,  931. 

Thaumatacantlms,  947. 

T/taumatosatcrus,  1079. 

Thecachampsa,  1194. 

T/iecodontosaurus,  1166. 

Thecophora,  1091. 

Thecospondylus,  1179. 

Thelodus,  947. 

Theosodon,  1376. 

Therapon,  1013. 

Theridomyidcs,  1415. 

Tlieridomys,  141 6. 

Theriodesmus,  1269. 

Theriodontia,  1057. 

Therioguathus,  1064. 

Theriosuchus,  1191. 

Thei-omora,  1053. 

Tliei-oinorpha,  1053. 

Tkeroplettj-a,  1060. 

Tkeropoda,  1164. 

Thcuritherium,  1451,  1453. 

Tkinohyus,  1322. 

Thinolestes,  1466. 
Thinosaui-us,  1139. 
Thoatherium,  1359. 
Thollodtis,  986. 
Thomontys,  1416. 
Thoracophortis,  1294. 
T/wracoptems,  987. 
Thoracosanrus,  1193. 
Thrissolepis,  978. 
Thrissopater,  996. 
Th-issops,  990. 
Thursitis,  971. 
Thyestes,  962. 
Thylacuim,  1278. 
Thylacoleo,  1285. 
Thylacomorphus,  1453. 
Tliynichthys,  looi. 
Thynnvs,  1007. 
Tliyrsites,  loio. 
Tigrisuchus,  1059,  1569. 
Tillodontia,  1408. 
Tillomys,  1420. 
Tillotheriu7n,  1408. 
Tinamus,  1232. 
Tinea,  1000. 
Tinoceras,  1388. 
Tinosa7irus,  1139. 
Titanichihys,  965,  999. 
Tita?iomys,  1413. 
Tiianophis,  1148. 
Titanosaurus,  1179. 
Titanosuchus,  1058. 
TitanotlieriidcB,  1374. 
Tiianotheriiim,  1374. 
Tolypcjites,  1292. 
Toinarctus,  1433. 


Errore  Saurinichthys.    See  Corrigenda. 
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Tomistoma,  1193. 
Tomitkerium,  1466. 
Tomodus,  940,  1378. 
Tomognatkus,  999. 
Torpedinidce,  934. 
Torpedo,  934. 
Totanus,  1233. 
Toxochelys,  1104. 
Toxodon,  1377. 
Toxodontia,  1376. 
Toxodontidce,  1376. 
Toxodontophanes, 
Toxodontotherium,  1377. 
Toxotes,  1013. 
Trachinidcs,  1007. 
Trachhwpsis,  1007. 
Trachinus,  1007. 
Trachodon,  1153. 
Traclwdontidcs,  1153. 
Trackyaspis,  1106. 
Trachydermochelys,  icgg. 
Trachynotus,  loio. 
Trachytherium,  131 1. 
Tragelaphus,  1348. 
Tragoceros,  1349. 
TragulidcB,  1333. 
Tragtdus,  1333. 
Trechomys,  1416. 
Tremataspis,  962. 
Trematosmirus,  1036. 
Tretostemum,  1105. 

Triacanthodon,  T-^jj. 

Tribelesodon,  1204. 

Tribodon,  1415. 

Tribonyx,  1233. 

Triceratops,  11 63. 

Trichechidcs,  1424. 

Trichechodon,  1424. 

Trichechus,  1424. 

Trichiurichthys ,  loio. 

TrichmridcE,  loio. 

Trichiurus,  1010. 

Triclis,  1287. 

Triconodo7i,  I'zyj. 

TriconodontidcB,  1277. 

Trictispodoit ,  1288. 

Trigla,  1006. 

Triglyphus ,  1269. 

Trigodon,  1377. 

Triisodo7i,  1453. 

TrimerorhachidcB ,  1029. 

Trimerorhachis ,  1032. 

Trinacromeron ,  1079. 

Tringa,  1233. 

Trionychidce,  11 17. 

Trionychoidea,  11 16. 

Trionyx,  11 18. 

Triplopiis,  1356. 

Tripriodon,  1268. 

Tristichoptenis ,  970. 

Tristychius,  941. 

Triton,  1041. 

Tritylodon,  izSg. 

Tritylodontidce,  1269. 

Trochictis,  1427. 

Troglodytes,  1470. 


Trogo7i,  1242. 
Trogo?iidcE,  1242. 
Trogont/ie}-iiim,  1419. 
TrogosHS,  1408. 
Tropidemys,  11 04. 
Tropidonotus,  1146. 
Trucifelis,  1449. 
Trygon,  937. 
Trygonidce,  937. 
Trygonorhina,  933. 
Ticbinares,  1232. 
Ticditanus,  1027. 
Tupaia,  1455. 
TupaiidcB,  1455. 
Tupinambis ,  1142. 
Tursiops,  1307. 
Tylosaurus,  1144. 
Typodus,  965. 
TypotheriidcB,  1377- 
Typotherium,  1377,  1378- 
Typothorax,  1137,  1182. 

Udenodon,  1064. 
Uiniacyon,  1^37- 
Uintatheriidm,  1387. 
Uintatlierium,  1388. 
Uintornis,  1242. 
Undina,  973. 
Ungulaia,  1312. 
UpupidcB,  1242. 
6^2(2,  1232. 
Urmiatherium,  1344. 
UrocordylidcB,  1025. 
Urocordyhis,  1025. 
Uroloplms,  937. 
UroTiautes,  1082. 
Urone  mis,  955. 
Urosphen,  1005. 
Urosthenes,  978. 
Ursidce,  1430. 
Ursiis,  1431. 

Vampyrus,  1463. 
Varaiiidce,  1141. 
Varanus,  1141. 
Veciisaunts,  1161. 
Vespertiliavus,  1462. 
Vespertilio,  1461. 
VcspertilionidcB,  1461. 
Vespe}-ugo,  1461. 
ViperidcB,  1148. 
Vislmtitheriuvi,  1343. 
Viverra,  1438. 
Viverravus,  1437. 
ViverridcB,  1437. 
Vomer,  1009. 
Vultur,  1239. 

Wardia,  1569. 
Wardichthys,  979. 
VVodnika,  941. 

XeTiacanthus,  926. 
Xenaspis,  961. 
Xenorhync/ius,  1238. 
Xenurus,  I2g2. 
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Xeromys,  1417. 
Xestops,  zr4i. 
Xiphias,  10 10. 
XiphiideB,  loio. 
Xipkodon,  1330. 
Xiphodontotherium,  1330. 
Xiphopieryx,  loio. 
Xtphotrygon,  937. 
Xystracanthus,  947. 
Xystrodus,  940. 

Zanclodoii,  1167. 
Zanclus,  1009. 
Zapus,  1416. 
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y.arhachis,  1308. 
Zatrhachys,  1032. 
Zetodon,  1380. 
Zeuglodon,  1304. 
Zeiiglodotitidm,  1304. 
/^fKj,  1007. 
Zipkioides,  1305. 
Ziphius,  1305. 
Zooligus,  1331. 
ZygcBna,  946. 
Zygobates,  936. 
Zygomatun/s,  1282. 
Zygosaiirus,  1031. 
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AHes,  1537. 
AbietincB,  1536. 
Acacia,  1556. 
Acer,  IS53- 
Acetabularia,  1491. 
Achras,  1557. 
Acorus,  1542. 
Actinostrobus,  1536. 
Adiantites,  1504. 
Adiantum,  1504. 
Aisculincs,  1552. 
ALscubis,  1552. 
Agavites,  1539. 
Aggregates,  1558. 
Ailanthtis,  1552. 
Albertia,  1534. 
Alethopteridcs,  1509. 
Alethopteris,  1504,  1509. 
^/^«,  1488. 
Alisma,  1543. 
Alismacece,  1543. 
Alnites,  1545. 
Alnophyllum,  1545. 
Alnus,  1545. 
Alsopliila,  1503. 
Amelianchier,  1555. 
AmentacecB,  1544. 
Amomocarfum,  1543. 
Amomophylbim,  1543. 
Amygdalece,  1555. 
Amygdalus,  1555. 
Amyris,  1552. 
AnacardiacecB,  1552. 
Anacardites,  1552. 
Anacardium,  1552. 
Anchietea,  1550. 
Andriana,  1510. 
Andromeda,  1557. 
Andromedites,  1557. 
Aneimeites ,  1506. 
Angiopteridium,  1511. 
AngiospermcB ,  1538. 
Annularia,  1516. 
Anaectomeria,  1550. 


Anomopteris,  1510. 
Anomozamites ,  1527. 
Anona,  1550. 
A?ionacees,  1550. 
Antholithus,  1530. 
Apeiba,  1551. 
Apeihopsis,  1551- 
ApetalcB,  1544. 
ApocyanacecB,  1558. 
Apocynophyllum,  1558. 
AquifoliacecB,  1554. 
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